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Chapter 26
Thermo-TRP Channels: Biophysics
of Polymodal Receptors

David Baez-Nieto, Juan Pablo Castillo, Constantino Dragicevic,
Osvaldo Alvarez, and Ramon Latorre

Abstract In this chapter we discuss the polymodal activation of thermo-TRP
channels using as exemplars two of the best characterized members of this class
of channels: TRPMS8 and TRPV 1. Since channel activation by temperature is the
hallmark of thermo-TRP channels, we present a detailed discussion on the thermo-
dynamics involved in the gating processes by temperature, voltage, and agonists.
We also review recently published data in an effort to put together all the pieces
available of the amazing puzzle of thermo-TRP channel activation. Special empha-
sis is made in the structural components that allow the channel-forming proteins to
integrate such diverse stimuli, and in the coupling between the different sensors and
the ion conduction pathway. We conclude that the present data is most economi-
cally explained by allosteric models in which temperature, voltage, and agonists act
separately to modulate channel activity.

26.1 Introduction

Transient Receptor Potential (TRP) channels play important roles in sensory trans-
duction from insects to mammals. TRP channels conform a superfamily consisting
of seven subfamilies with little homology between them. The seven subfamilies
include: the classical TRP subfamily (TRPC), the melastatin related subfamily
(TRPM), the vanilloid-sensitive TRP subfamily (TRPV), the ankyrin subfamily
(TRPA), the polycystin subfamily (TRPP), the mucolipin subfamily (TRPML), and
the TRPN subfamily, named after the non mechanoreceptor potential C (nonpC)
homologue [1]. Bioinformatic analyses based on primary structure of diverse
sequences of TRP and topological predictions, suggest that these channels are
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Chapter 28
Voltage Sensing in Thermo-TRP Channels

Sebastian Brauchi and Patricio Orio

Abstract Membrane voltage, ligand binding, mechanical force and temperature
can all induce conformational changes that open ion channel pores. A key ques-
tion in understanding ion channel function is how the protein domains involved in
sensing stimuli (sensors) communicate with the pore to gate its opening and closing.
TRP channels are considered six-transmembrane cation-permeable channels, distant
relatives of voltage-gated potassium channels (Kv), which are known to be activated
by membrane depolarization. Understanding the molecular nature of thermo-TRP
channel gating offers a fair challenge to biophysicists. This chapter will summarize
our present knowledge on the effect of voltage and temperature during thermo-TRP
channel activation.

28.1 TRP Channel Family and Thermo-TRPs

Mammalian TRP channel proteins are polymodal cation channels with essential
roles in cellular sensing. Other than a loose sequence homology, predicted channel
architecture, and a common poor cation selectivity, there are no particular features
defining the TRP family. TRP channels are grouped by homology into six sub-
families named C, M, V, A, P, and ML, for canonical, melastatin related, vanilloid
binding, ankyrin repeat, polycystin, and mucolipin, respectively [1]. By integrat-
ing multiple stimuli they supply signal amplification through calcium permeation
and membrane depolarization. Cooperativity intrinsic to TRP channels may result
in allosteric coupling of distinct activation stimuli. A good example of the allosteric
nature of TRP channels would be the case of temperature-activated TRP channels
(thermo-TRPs) [2]. Mammalian thermo-TRPs correspond to a subgroup of 9 TRP
channels which are expressed in sensory nerve endings and in skin, characterized
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Energy landscape of the reactions governing the Na+
deeply occluded state of the Nat /K+-ATPase in
the giant axon of the Humboldt squid
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The Nat+/K* pump is a nearly ubiquitous membrane protein in
animal cells that uses the free energy of ATP hydrolysis to alterna-
tively export 3Na* from the cell and import 2K+ per cycle. This ex-
change of ions produces a steady-state outwardly directed current,
which is proportional in magnitude to the turnover rate. Under cer-
tain ionic conditions, a sudden voltage jump generates temporally
distinct transient currents mediated by the Na* /K+ pump that re-
present the kinetics of extracellular Na* binding/release and Na*
occlusion/deocclusion transitions. For many years, these events
have escaped a proper thermodynamic treatment due to the rela-
tively small electrical signal. Here, taking the advantages offered
by the large diameter of the axons from the squid Dosidicus gigas,
we have been able to separate the kinetic components of the tran-
sient currents in an extended temperature range and thus charac-
terize the energetic landscape of the pump cyde and those
transitions assodated with the extracellular release of the first Na*
from the deeply occluded state. Occlusion/deocclusion transition
involves large changes in enthalpy and entropy as the ion is ex-
posed to the external milieu for release. Binding/unbinding is
substantially less costly, yet larger than predicted for the energetic
cost of an ion diffusing through a permeation pathway, which
suggests that ion binding/unbinding must involve amino acid side-
chain rearrangements at the site.

P-type ATPases | pump currents | thermodynamics

uring each normal transport cycle of the Nat /Kt -ATPase

pump, three Nat are exported from the cell in exchange
for two K* Imported, a process driven by hydrolysis of one
molecule of ATP Ry establishing the Nat and Kt gradients
across cell membranes, the Nat /Kt pump enables action poten-
tials, synaptic signaling, and most solute transport in and out of
cells. Two consequences of the unequal transport stoichiometry
of Nat and K* are that steady pumping produces an outwardly
directed current (1), proportional in magnitade to the turnover
rate (2), which can be monitored electrically (3-8), and that at
least one step in the transport cycle must move charge through
the membrane field (9). The latter implies that, under favorable
conditions, charge relaxations following voltage jumps can be
used to learn details about specific steps during the transport
cycle (10-28).

In the absence of internal and external Kt, the nominal
absence of internal ADP and presence of an ATP regenerating
system, the Nat/K* pump allows exchange of 3Nat between
their binding sites in a deeply occluded conformation and the ex-
ternal milieu (21, 29) (Fig. 14; encircled by dotted lines). Under
these conditions there is no steady pump current observed at any
voltage. Nevertheless, sudden voltage steps produce pre-steady-
state currents that can be recorded (12, 13, 16-18, 21, 23, 26).
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These currents allow direct measurements of the rates of partial
reactions of the pump cycle. Using giant axons from the squid
Loligo pealeii, we have characterized the kinetics of extracellular
Nat binding/release and Na* occlusion/deocclusion and pro-
posed mechanistic and structural hypotheses related to ion move-
ment (18). The time course of the transient pump currents
contains a fast, a medium-speed, and a slow component (see
Materials and Methods and ref. 18). The temporal correlation
between these components indicates that they occur in strict
sequence (18), likely representing the binding/release and occlu-
sion/deocclusion of individual Nat (Fig. 1B). The charge distri-
bution of each component can be described by a Boltzmann
function with an apparent valence for the charge moved of
approximately 1 for the medium (18) and slow (12, 13, 16-18,
21, 23, 26, 30) components but only approximately 0.2 for the fast
component, indicating that it does not transport charge across a
large portion of the electric field (26). Most importantly, the
voltage dependence of the slow relaxation shifts with changes
in external Nat concentration, ([Nat],, supporting the interpreta-
tion that Nat ions must negotiate a high-field access channel as
they travel back and forth between the external solution and their
binding sites deep within the Na* /K* pump (17, 18, 23).
Giant axons from Loligo have provided unique advantages for
studying Nat translocation events mediated by the pump (18, 29).
However, they too have limits. At low temperatures the ampli-
tudes of the signals resulting from the binding/release of extracel-
Inlar Nat are too small to permit study of the thermodynamics of
these steps. To overcome these biological limitations, we have
performed experiments using the giant axons of the Humboldt
squid (Dosidicus gigas). In Chile, where these experiments were
conducted, these squid commonly reach lengths close to 2 m and
weigh up to 40 kg. More importantly for the present purpose,
their axons routinely surpass 1.2 mm in diameter (approximately
twice the diameter of a large Loligo axon), providing a substan-
tially larger membrane area, and hence a greater number of
pumps, than comparable lengths of axons from Loligo. With the
aim of characterizing the energetic landscape of the transitions
associated with the extracellnlar release of the first Nat from the
deeply occluded state, in this study we have determined the ther-
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ABSTRACT

Odontoblasts are long-lived post-mitotic cells in
the dental pulp, whose function is to form and
maintain dentin. The survival mechanisms that
preserve the viability of terminally differentiated
odontoblasts during the life of a healthy tooth have
not been described. In the present study, we char-
acterized the autophagic-lysosomal system of
human odontoblasts with transmission electron
microscopy and immunocytochemistry, to analyze
the mechanisms that maintain the functional via-
bility of these dentinogenic cells. Odontoblasts
were found to develop an autophagic-lysosomal
system organized mainly by large autophagic vac-
uoles that are acid-phosphatase-positive to various
degrees. These vacuoles expressed the autophago-
somal and lysosomal markers LC3 and LAMP2,
respectively, in an age-related pattem indicating
the organization of a dynamic autophagic machin-
ery. Progressive accumulation of lipofuscin within
lysosomes indicates reduced lysosomal activity as
a function of odontoblast aging. Our results sug-
gest that autophagic activity in odontoblasts is a
fundamental mechanism to ensure turnover and
degradation of subcellular components. A reduc-
tion in the efficacy of this system might compro-
mise cell viability and dentinogenic secretory
capacity. In adult teeth, this condition is described
as an ‘old odontoblast’ stage.

KEY WORDS: dentin, teeth, lysosome, lipofus-
cin, autophagic vacuole.
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Autophagic Activity and Aging
in Human Odontoblasts

INTRODUCTION

n mature human teeth, the dentin-pulp complex works as a sensory and

dentin-reparative organ (Mjor ef al., 2001). Odontoblasts are dentinogenic
cells that differentiate into a terminal state and become long-lived post-mitotic
cells within the dental pulp. The life cycle of human odontoblasts has been
described only for the developmental period of permanent teeth (Couve,
1986). Once primary dentinogenesis is completed, the odontoblast reduces its
secretory machinery by autophagic activity and limits its secretory functional-
ity (Couve, 1986, 1987). This last cellular stage has been characterized as a
resting odontoblast condition (Couve, 1985, 1986; Linde and Goldberg, 1993;
Ten Cate, 1994). After the active period of primary dentinogenesis, resting
odontoblasts maintain their physiological secretory activity, forming second-
ary dentin, and are capable of responding to moderate injury by the formation
of reactionary dentin (e.g., caries lesions of slow progression) (Smith ef al.,
1995; Murray et al., 2000, 2003; Bjorndal and M;jér, 2001). Under severe
injury, such as rapidly progressing dentin lesions, odontoblasts are replaced
by odontoblast-like cells from the subodontoblastic region of the dentin-pulp
complex, forming irregular atubular fibrodentin, defined as reparative dentin
(Baume, 1980; Smith ef af., 1995; Bjorndal and Darvann, 1999; Bjorndal and
Mjér, 2001; Mitsiadis and Rahiotis, 2004).

‘While the survival strategies that maintain the viability of terminally dif-
ferentiated odontoblasts during the whole life of a healthy tooth have not been
established, autophagic activity has been proposed as one of the necessary
survival mechanisms operating in long-lived post-mitotic cells (Terman ef al.,
2007). In fact, autophagy is a ubiquitous and hierarchical cellular process that
is required for the continuous tumover and removal of excess and damaged
organelles by intralysosomal degradation (Klionsky and Emr, 2000; Cuervo,
2004a,b; Klionsky, 2007). Autophagic activity has been described as a funda-
mental survival mechanism for long-lived post-mitotic cells and is thought to
be associated with the aging process (Brunk and Terman, 2002a,b). Long-
lived post-mitotic cells, like neurons and cardiac myocytes, are mainly main-
tained through the ubiquitin-proteasome and autophagic-lysosome systems
that guarantee the turnover and degradation of cellular subcomponents
(Brunk and Terman, 2002a). However, progressive changes in lysosomal
function and a reduction of autophagic activity have been related to the accu-
mulation of lipofuscin, a process that mainly affects long-lived cells (Orenstein
and Cuervo, 2010; Terman ef al., 2010).

Lysosomal compartments are responsible for the degradation of proteins
and cytoplasmic components (mainly mitochondria), yet there are different
mechanisms for the delivery of substrates to lysosomes. Three distinct
autophagic pathways have been described in mammalian cells: macro-
autophagy, microautophagy, and chaperone-mediated autophagy (Cuervo,
2004b; Mizushima ef al., 2008). Macroautophagy (hereafter referred to as
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Neurogenesis in the Adult Goldfish
Cerebellum
LUZ M. DELGADO anxp OLIVER SCHMACHTENBERG*
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Universidad de Valparaiso, Valparaise, Chile

ABSTRACT

Neurogenesis was studied in the cerebellum of adult goldfish, to es-
tablish the phenomenon in this popular laboratory animal medel. BrdU
and proliferating cell nuclear antigen labeling revealed a high rate of cell
proliferation within the molecular layer of the cerebellar corpus and valve.
Most newborn cells expressed the neuronal marker beta-III-tubulin after
24 hr, supporting the goldfish cerebellum as an excellent paradigm to
study vertebrate adult neurogenesis. Anat Ree, 294:11-15, 2011. © 2010

Wiley-Liss, Inc.

Key words: brain; teleost;

cell

proliferation; neuron;
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The phenomenon of adult neurogenesis occurs more
widespread and at a much higher rate in teleosts than
in mammals and terrestrial vertebrates, and has, there-
fore, aroused considerable interest in the last two deca-
des (Chapouton et al., 2007; Kaslin et al., 2008; Zupane,
2008). A large amount of information has been gathered
principally through studies in zebrafish (Byrd and
Brunjes, 2001; Zupanc et al., 2005; Grandel et al., 2006;
Ampatzis and Dermon, 2007;), due to its importance as
developmental model organism, and in gymnotiformes
such as the brown ghost knifefish (Zupanc and
Horschke, 1995; Zupane, 1999), owing to the wealth of
information on brain morphology and funection available
for this electrocommunicating species. However, for most
physiological and behavioral studies related to adult
neurogenesis, neither species is ideal, because the zebra-
fish brain and especially its neurons are too small for
many types of experiment, and most researchers do not
have easy access to gymnotiformes. The goldfish, in
turn, is a well-established, omnipresent and hardy labo-
ratory animal perfectly suited for most behavioral and
(electro-) physiological trials. It has been the preferred
teleost model for the study of visual function, and for
learning and memory assays like those concerned with
the vestibulo-ocular reflex. Although the putative rela-
tionship between learning, memory and adult neurogen-
esis is intriguing, few studies have addressed this topic
in the central nervous system, with the notable excep-
tion of the retina (Boucher and Hitcheock, 1998). The
goldfish cerebellum was evaluated here as an accessible
model system for studies of vertebrate adult neurogene-
gis, because this part of the brain is central to motor

© 2010 WILEY-LISS, INC.

learning and memory, and arguably the site of most
widespread neurogenesis in teleosts (Ampatzis and Der-
mon, 2007). To that end, BrdU, proliferating cell nuclear
antigen (PCNA), and beta-III-tubulin immunohistechem-
istry were combined to compare the cerebellar neuronal
proliferation pattern of the goldfish with that of previ-
ously scrutinized species like zebrafish and the brown
ghost knifefish.

For this study, eight male spawning-stage comet gold-
fish (Carassius auratus) were obtained from a local
breeder during the spring of 2008, maintained in the
laboratory for up to 1 month under a natural light/dark
cycle at 20 + 2°C, and fed twice daily. Females were not
analyzed, because possible gender differences were not
the aim of this study. The fish were injected intraperito-
neally with 50 pL/g of body weight of a 3 mg/mL solution
of 5-bromo-2-deoxyuridine (BrdU, Sigma-Aldrich). This
dosage of 150 mg/kg body weight has been shown previ-
ously to effectively label proliferating cells in zebrafish
(Zupanc et al., 2005). After 2 or 24 hr, the animals were
sacrificed and their brains were fixed in 4%
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Abstract

The important and diverse biological functions of B-adrenergic receptors (BARs) have promoted the search for compounds
to stimulate or inhibit their activity. In this regard, unraveling the molecular basis of ligand binding/unbinding events is
essential to understand the pharmacological properties of these G protein-coupled receptors. In this study, we use the
steered molecular dynamics simulation method to describe, in atomic detail, the unbinding process of two inverse agonists,
which have been recently co-crystallized with B, and B,ARs subtypes, along four different channels. Our results indicate that
this type of compounds likely accesses the orthosteric binding site of BARs from the extracellular water environment.
Importantly, reconstruction of forces and energies from the simulations of the dissociation process suggests, for the first
time, the presence of secondary binding sites located in the extracellular loops 2 and 3 and transmembrane helix 7, where
ligands are transiently retained by electrostatic and Van der Waals interactions. Comparison of the residues that form these
new transient allosteric binding sites in both PBARs subtypes reveals the importance of non-conserved electrostatic
interactions as well as conserved aromatic contacts in the early steps of the binding process.
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Introduction

G protein-coupled receptors (GPCRs) represent one of the
largest protein families in mammals [1] and constitute 2% 3% of
the human proteome [2]. GPCRs transduce sensory signals of
external origin, such as photons, odors or pheromones, and
endogenous signals including biogenic amines, (neuro)peptides,
proteases, glycoprotein hormones and ions, into the cell. Thus,
these receptors are essential in cell physiology, and their
malfunction is commonly translated into pathological outcomes
[3]. As a result, GPCRs constitute one of the most important
pharmaceutical targets, as around 40% of prescribed drugs act
through this family of proteins [4]. These receptors feature a
common fold of seven transmembrane helices (TMs 1 to 7)
connected by three extracellular (ECLs 1 to 3) and three
intracellular (ICLs 1 to 3) loops [5], with an extracellular N-
terminus and an intracellular C-terminus. Extracellular regions are
very diverse in structure and amino acid composition, and in many
GPCRs, as glycoprotein hormone and peptide receptors in family
A or most receptors in families B and C, they are directly involved
in ligand binding [6]. While smaller ligands bind in a pocket
relatively buried within the TM bundle, they must also interact
with the extracellular regions in order to reach the binding site.

PLoS ONE | www.plosone.org

Understanding the molecular basis of ligand-receptor interactions
in the extracellular domains is of great importance, as they are
implicated in many aspects of receptor function, as ligand binding
[7] and specificity [8], allosterism [9] or receptor activation
[10,11]. Importantly, recent NMR data show ligand-specific
conformational changes in the extracellular surface of the Bo-
adrenergic receptor (B;AR) [12].

‘While there is a vast amount of pharmacological, functional and
pathophysiological information about GPCRs deposited in spe-
cialized databases (e.g. [UPHAR-DB, at http://www.iuphar-db.
org), structural data of GPCRs is still scarce. Presently, only the
structures of eight Class A GPCRs (bovine and squid rhodopsins,
human Bs-adrenergic, turkey PBi-adrenergic, human A4 adeno-
sine (reviewed in [13,14,15]), human CXCR4 chemokine [16],
human dopamine Ds [17] and human histamine H, [18]
receptors) are known. The availability of the structure of the
BIAR [19] and B,AR [20] represents a unique opportunity to
investigate the similarities and/or differences in the ligand entry
process between these closely related subtypes. While these
receptors have slightly different pharmacological properties [21],
they present a strong similarity in sequence and structure,
particularly in the TM bundle and orthosteric binding pockets
[19]. Thus, it is plausible to argue that extracellular regions can

September 2011 | Volume 6 | Issue 9 | 23815
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Functional Apical Large Conductance, Ca®>*-activated, and
Voltage-dependent K™ Channels Are Required for
Maintenance of Airway Surface Liquid Volume™
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Large conductance, Ca®"-activated, and voltage-dependent
K* (BK) channels control a variety of physiological processes in
nervous, muscular, and renal epithelial tissues. In bronchial air-
way epithelia, extracellular ATP-mediated, apical increases in
intracellular Ca®* are important signals for ion movement
through the apical membrane and regulation of water secretion.
Although other, mainly basolaterally expressed K channels are
recognized as modulators of ion transport in airway epithelial
cells, the role of BK in this process, especially as a regulator of
airway surface liquid volume, has not been examined. Using
patch clamp and Ussing chamber approaches, this study reveals
that BK channels are present and functional at the apical mem-
brane of airway epithelial cells. BK channels open in response to
ATP stimulation at the apical membrane and allow K* flux to the
airway surface liquid, whereas no functional BK channels were
found basolaterally. Ion transport modeling supports the notion
that apically expressed BK channels are part of an apical loop cur-
rent, favoring apical Cl1™ efflux. Importantly, apical BK channels
were found to be critical for the maintenance of adequate airway
surface liquid volume because continuous inhibition of BK chan-
nels or knockdown of KCNMA 1, the gene coding for the BK acsub-
unit (KCNMA1), lead to airway surface dehydration and thus peri-
ciliary fluid height collapse revealed by low ciliary beat frequency
that could be fully rescued by addition of apical fluid. Thus, apical
BK channels play an important, previously unrecognized role in
maintaining adequate airway surface hydration.

Large conductance, voltage- and Ca®*-activated K* (BK)?
channels control a variety of physiological processes in differ-
ent tissues. The BK pore-forming structure is a homotetramer
ofthe a subunit (KCNMAL, Slo1, KCal.1), which is encoded by
a single gene (Slol gene, named KCNMA1I). Four $ regulatory
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subunits (KCNM B1—4), encoded by the genes KCNMBI-B4,
modulate the kinetics and the calcium and voltage dependence
of BK channels, thereby contributing to the functional versatil-
ity of BK in different tissues (1-6).

Ion transport plays an important role in maintaining adequate
water supply for the apical airway surface, which is critical for
mucus hydration and ciliary beating because the periciliary fluid
level has to be maintained for cilia to be effective. Both mucus
hydration and ciliary beating are critical components of mucocili-
ary function. The importance of ion transport for adequate airway
surface liquid (ASL) volume is illustrated by multiple airway dis-
eases where decreased Cl™ secretion and increased Na™ absorp-
tion cause airway surface dehydration and thereby mucociliary
dysfunction. A prime example is cystic fibrosis, a disease caused by
mutations in the cystic fibrosis transmembrane conductance reg-
ulator (7, 8). However, other channels contribute directly to or
maintain the electrochemical gradient necessary for apical CI™
secretion. For example, calcium-activated chloride channels,
recently identified as TMEM16 (9-11), secrete Cl~ and are
important for airway hydration (12). In addition, basolateral K*
channels contribute to apical Cl™ transport by maintaining the
electrochemical gradient required for CI™ movement (13-17).
Mall et al. (17) found that UTP-induced C1~ currents in human
nasal tissue were dependent on both clotrimazole-sensitive,
calcium-activated K* channels (SK4, KCa3.1, gene KCNN4) and
clofilium-sensitive voltage-activated K™ channels (hKvLQT1,
gene KCNQ1). Bernard et al. (18) also found that SK4 channels
contribute to calcium-dependent chloride secretion in the human
bronchial cell line I6HBE14o-.

Physiological ATP release onto apical surfaces of airway epi-
thelial cells plays an important role in regulating water balance
(19-21) and thereby mucociliary transport (22). Apical ATP is
well known to increase [Ca®*], via P,Y, receptors. Because BK
channels are sensitive to intracellular Ca>", we hypothesized
that these channels may be involved in ion transport responses
to apically released ATP in human bronchial epithelia, which
would make these channels important for the regulation of ASL
volume in normal human bronchial epithelial (NHBE) cells.

Using electrophysiological techniques (patch clamp and
Ussing chamber) and RNA level modifications, we identified
functional BK channels at the apical but not basolateral mem-
brane of fully differentiated NHBE cells. These apical BK chan-
nels play a key role in ion transport in response to apically
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Editing of human K, 1.1 channel mRNAs disrupts
binding of the N-terminus tip at the intracellular cavity

Carlos Gonzalez!, Angelica Lopez-Rodriguez?, Deepa Srikumar?, Joshua J.C. Rosenthal*# & Miguel Holmgren?

In the nervous system, A—| RNA editing has an important role in regulating neuronal
excitability. Ligand-gated membrane receptors, synaptic proteins, as well as ion channels, are
targets for recoding by RNA editing. Although scores of editing sites have been identified in the
mammalian brain, little is known about the functional alterations that they cause, and even less
about the mechanistic underpinnings of how they change protein function. We have previously
shown that an RNA editing event (1400 V) alters the inner permeation pathway of human K, 1.1,
modifying the kinetics of fast inactivation. Here we show that the channel's inactivation gate
enters deep into the ion permeation pathway and the very tip establishes a direct hydrophobic
interaction with the edited position. By converting | to V, the intimacy of the interaction is
reduced, allowing the inactivation gate to unbind with much faster kinetics.

' Centro Interdisciplinario de Neurociencia de Valparaiso, Universidad de Valparaiso, Valparaiso V 2340000, Chile. 2 Molecular Neurophysiology Section,
Porter Neuroscience Research Center, National Institute of Neurclogical Disorders and Stroke, National Institutes of Health, Bethesda, Maryland 20892,
USA. 3 Institute of Neurobiology, University of Puerto Rico-Medical Sciences Campus, San Juan, Puerto Rico 00901, USA. 4 Department of Biochemistry,
University of Puerto Rico-Medical Sciences Campus, San Juan, Puerto Rico 00936, USA. Carrespondence and requests for materials should be addressed to
JJ.CR. (email: Joshua.rosenthal@upredu) or to M H. (email: holmgren@ninds.nih.gow).
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The genome of Tetranychus urticae
reveals herbivorous pest adaptations

Miodrag Grbic?*, Thomas Van Leeuwen™, Richard M. Clark**, Stephane Rombauts®®, Pierre Rouzé®® , Vojislava Grbich?
Edward 1. Osborne ‘Wannes Dermauw , Phuong Cao Thi Ngoc5 : Fehx Ortego Pedro Hemandez Crespo Isabel Dlaz
Manuel Martinez® Marla Nava]as Elio Sucena10 1 Sara Magalhaes Lisa Nagy™, Ryan M. Pace®, Sergej D]uranovm

Guy Smagghe®, Masatoshl Iga®, Olivier Chnsnaens Jan A. VeenstraIS John Ewer , Rodrigo Mancﬂla Villalobos'®

Jeffrey L. Hutter”, Stephen D. Hudson”, Marisela Velezls, Soojin V. Yilg, Jia Zengw, Andre Pires-daSilva®, Fernando Roch?,
Marc Cazaux!, Marie Navarro!, Vladimir Zhurov!, Gustavo Acevedo!, Anica Bjelica’, Jeffrey A. Fawcett>%t, Eric Bonnet>®f,
Cindy Martens™®, Guy Baele®®, Lothar Wissler®?, Aminael Sanchez- Rodriguez23 Luc Tirry®, Catherine Blais®*,

Kristof Demeestere®, Stefan R. Henz?¢, T. Ryan Gregory27 Johannes Mathieu, Lou Verdon®®, Laurent Farinelli*®

Jeremy Schmutz*" 32 Brika Llndquls‘[32 René Feyereisen® & Yves Van de Peer 56

The spider mite Tetranychus urticae is a cosmopolitan agricultural pest with an extensive host plant range and an
extreme record of pesticide resistance. Here we present the completely sequenced and annotated spider mite
genome, representing the first complete chelicerate genome. At 90 megabases T. urticae has the smallest sequenced
arthropod genome. Compared with other arthropods, the spider mite genome shows unique changes in the hormonal
environment and organization of the Hox complex, and also reveals evolutionary innovation of silk production. We find
strong signatures of polyphagy and detoxification in gene families associated with feeding on different hosts and in new
gene families acquired by lateral gene transfer. Deep transcriptome analysis of mites feeding on different plants shows
how this pest responds to a changing host environment. The T. urticae genome thus offers new insights into arthropod
evolution and plant-herbivore interactions, and provides unique opportunities for developing novel plant protection
strategies.

Mites belong to the Chelicerata, the second largest group of terrestrial
animals. Chelicerates represent a basal branch of arthropods.
Subsequent to their origin in the Cambrian period, arthropods
radiated into two lineages: the Chelicerata and the Mandibulata (com-
prising the Myriapoda and the Pancrustacea (which includes both
crustaceans and insects))"?. Extant lineages of chelicerates include
Pycnogonida, Xiphosura (horseshoe crabs) and Arachnida (a large
group comprising scorpions, spiders and the Acari (ticks and
mites))>* (Supplementary Fig. 1.1). Within the Acari, 7. wurticae
belongs to the Acariformes with the earliest fossils dating from the
Lower Devonian period (410 million years ago). The Acari represent
the most diverse chelicerate clade, with over 40,000 described species
that exhibit tremendous variations in lifestyle, ranging from parasitic
to predatory to plant-feeding. Some mites are of major concern to

human health and include allergy-causing dust mites, scabies mites
and mite vectors of scrub typhus®.

The two-spotted spider mite, Tetranychus urticae, is a cosmopolitan
agricultural pest® belonging to an assemblage of web-spinning mites.
The name ‘spider’ highlights their ability to produce silk-like webbing
used to establish a colonial micro-habitat, protect against abiotic
agents, shelter from predators, communicate via pheromones and
provide a vehicle for dispersion’.

Tetranychus urticae represents one of the most polyphagous
arthropod herbivores, feeding on more than 1,100 plant species
belonging to more than 140 different plant families including species
known to produce toxic compounds. It is a major pest in greenhouse
production and field crops, destroying annual and perennial crops
such as tomatoes, peppers, cucumbers, strawberries, maize, soy,

! Department of Biology, The University of Western Ontario, London N6A 587, Canada. *Instituto de Ciencias de la Vid y el Vino (CSIC, UR, Gobiernode La Rioja), 26006 Logrofio, Spain. > Department of Crop
Protection, Faculty of Bioscience Engineering, Ghent University, B-9000 G hent, Belgium. *Department of Biology, University of Utah, Salt Lake City, Utah 84112, USA. *Depart ment of Plant Systems Biology,
VIB, Technologiepark 927, B-9052 Ghent, Belgium. ®Department of Plant Biotechnology and Bioinformatics, Ghent University, Technologiepark 927, B-9052 Ghent, Belgium. 7 Department of
Environmental Biology, Centro de Investigaciones Biolégicas, CSIC, 28040 Madrid, Spain. 5Centro de Biotecnologfay Genémica de Plantas, UPM-INIA, 28223 Madrid, Spain. °INRA, UMR CBGP (INRA/IRD/
Cirad/Montpellier SupAgro), Campus international de Baillarguet, 34988 Montfarrier-sur-Lez, France. *Instituto Gulbenkian de Ciéncia, 2781-901 QOsiras, Portugal. ' 'Universidade de Lisboa, Faculdade
de Ciéncias, Departamento de Biologia Animal, 1749-016 Lisbon, Portugal. "®Universidade de Lisboa, Faculdade de Cigncias, Centro de Biologia Ambiental, 1749-016 Lisbon, Portugal. **Department of
Molecular and Cellular Biology, University of Arizona, Tucson, Arizona 85721, USA. *Johns Hopkins University School of Medicine, Department of Molecular Biology & Genetics, Baltimore, Maryland
21205, USA. Institut de Neurosciences Cognitives et Intégratives o’ Aquitaine Université de Bordeaux 1, 33405 Talence, France. '®Centro Interdisciplinario de Neurociencia de Valparaiso, Facultad de
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A Cool Channel in Cold Transduction

Transient receptor potential melastatin 8 (TRPM8), a calcium-permeable cat-
ion channel activated by cold, cooling compounds and voltage, is the main

molecular entity responsible for detection of cold temperatures in the somato-

CINV- PROGRESS REPORT 2012

Ramon Latorre,’ Sebastian Brauchi,?

Rodolfo Madrld 3 and Patricio Orio’

sensory system. Here, we review the biophysical properties, physiological role,

and near-membrane trafficking of this exciting polymodal ion channel.

From insects to mammals, the transient receptor
potential (TRP) channels play important roles in
sensory transduction. TRP channels give origin to a
super family consisting of seven subfamilies with
scarce homology between them. The seven sub-
families are the classical TRP subfamily TRPC, the
melastatin-related subfamily TRPM, the vanilloid-
sensitive TRP subfamily TRPV, the ankyrin subfam-
ily TRPA, the polycystin subfamily TRPP, the
mucolipin subfamily TRPML, and the TRPN sub-
family, after the non-mechanoreceptor potential C
(nonpC) homologue (78, 97, 123). This review dis-
cusses the case of receptor potential melastatin 8
(TRPM8) channel, an ion channel that is the pre-
dominant thermoreceptor for cellular and behav-
ioral responses to cold temperatures.

Cold is detected by specific cutaneous thermo-
receptor neurons of the somatosensory system,
which include unmyelinated primary afferent C-
fibers and thinly myelinated As-fibers (12, 44, 47, 49,
53). The transduction of cold stimuli into propa-
gated electrical impulses takes place in the free
endings of the thermoreceptor fibers, which corre-
spond to axonal endings of cold-sensitive neurons
from trigeminal (TG) and dorsal root ganglion
(DRG). At resting temperature of the skin (~34°C),
receptors detecting and encoding innocuous cold
exhibit spontaneous electrical activity that in-
creases in response to temperature reductions as
small as 1°C or less (18). This response is inhibited
by heating and sensitized by menthol (20, 46).
Cold-thermoreceptor neurons express a wide vari-
ety of ion channels, including transduction chan-
nels as well as voltage-dependent channels, which
give shape to their net excitability. A widely ac-
cepted model today maintains that the nonselec-
tive Ca®*-permeable cationic channel TRPMS is
the main molecular transducer entity responsible
for the sensitivity to innocuous cold in the somato-
sensory system.

TRPMS is a Polymodal Receptor

Identified in 2001 as a messenger RNA upregulated
in prostate cancer (120), TRPM8 was cloned and
characterized in 2002 by two groups independently
(75, 90). TRPMS is a tetramer, with each subunit

1548-9213/11 ©2011 Int. Union Physiol. Sci./Am. Physiol. Soc.

consisting of six transmembrane domains (S1-86)
and intracellular COOH and NH, terminals
(FIGURE 1). Coiled coil domains located in the
distal portion of COOH terminal of the channel
appear to be important in the assembly process of
TRPMS (39, 121). Phelps and Gaudet (92) showed
that functional channels need the presence of the
COOH terminal as well as a region comprised by
amino acids 40—-86 of the intracellular NH, termi-
nal. The same authors also showed, however, that
deletion of the COOH-terminal region prevents
function but not tetramerization.

TRPMS8 behaves as a polymodal receptor acti-
vated by membrane depolarization, cold, and
chemical compounds such as menthol, icilin, and
several inflammatory agents (16, 66, 75, 90, 125).
Also, the activity of TRPM8 appears to require the
presence of phosphatidylinositol-4,5-biphosphate
[PI(4,5)P,] (31, 102) (see below).

Voltage Dependence and Ion Selectivity

TRPMS is a channel with a weak voltage depen-
dence, and in the absence of agonists activation
requires strongly depolarized membrane voltages
(16, 125). Although the voltage sensor domain re-
mains elusive (see Ref. 65), neutralization of posi-
tively charged residues in the S4 of TRPM8 causes
a decrease in its voltage dependence (FIGURE 1, A
AND B)(126). Voets et al. (126) neutralized all the
charged residues contained in the S4 segment and
in the S4-S5 linker of the TRPM8 channel. They
found that the total apparent number of gating
charges per channel is 0.85e on average and that
neutralization of R842 in S4 and K856 located in
the S4-S5 linker (FIGURE 1B) decreased this num-
ber to 0.7 and 0.5e, respectively. These findings
suggest that the contribution of these two charges
to the total amount of gating charges/channel is
not enough to explain the global voltage depen-
dency of the channel (0.85¢). Therefore, it is pos-
sible that at least part of the total gating charge is
actually located in another position within the
channel structure. It is noteworthy that TRPM2 has
a S4 with the same pattern of positively charged
residues as the S4 of TRPMS8 but is utterly voltage
insensitive. However, a chimera containing the pu-
tative voltage sensor (S1-S4) of TRPM2 and the

"Centro Interdisciplinario de Neurociencia de Valparaiso,
Facultad de Ciencias, Universidad de Valparaiso, Valparaiso,
Chile; ZInstituto de Fisiologia, Universidad Austral de Chile,
Valdivia, Chile; and *Laboratorio de Neurociencia,
Departamento de Biologia, Facultad de Quimica y Biologia,
Universidad de Santiago de Chile, Santiago, Chile
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Different domains are critical for oligomerization compatibility of different

connexins

Agustin D. MARTINEZ*", Jaime MARIPILLAN*, Rodrigo ACUNA*, Peter J. MINOGUE, Viviana M. BERTHOUD

and Eric C. BEYER®

*Centro Interdisciplinario de Neurociencias de Valparaiso, Departamento de Neurociencias, Universidad de Vaparaiso, Valparaiso 2360102, Chile, and +Department of Pediatrics,

University of Chicago, Chicago, IL, 60637, USA.

Oligomerization of connexins is a critical step in gap junction
channel formation. Some members of the connexin family can
oligomerize with other members and form functional heteromeric
hemichannels [e.g. Cx43 (connexin 43) and Cx45], but others
are incompatible (e.g. Cx43 and Cx26). To find connexin
domains important for oligomerization, we constructed chimaeras
between Cx43 and Cx26 and studied their ability to oligomerize
with wild-type Cx43, Cx45 or Cx26. HeLa cells co-expressing
Cx43, Cx45 or Cx26 and individual chimaeric constructs were
analysed for interactions between the chimaeras and the wild-
type connexins using cell biological (subcellular localization
by immunofluorescence), functional (intercellular diffusion of
microinjected Lucifer yellow) and biochemical (sedimentation
velocity through sucrose gradients) assays. All of the chimaeras
containing the third transmembrane domain of Cx43 interacted

with wild-type Cx43 on the basis of co-localization, dominant-
negative inhibition of intercellular communication, and altered
sedimentation velocity. The same chimaeras also interacted
with co-expressed Cx45. In contrast, immunofluorescence and
intracellular diffusion of tracer suggested that other domains
influenced oligomerization compatibility when chimaeras were
co-expressed with Cx26. Taken together, these results suggest
that amino acids in the third transmembrane domain are critical
for oligomerization with Cx43 and Cx45. However, motifs in
different domains may determine oligomerization compatibility
in members of different connexin subfamilies.

Key words: chimaera, connexin26, connexin43, gap junction,
intercellular communication, oligomerization.

INTRODUCTION

Gap junction channels connect the cytoplasms of adjacent cells
allowing intercellular passage of ions and molecules up to 1 kDa
in size between coupled cells. Each gap junction channel is
an oligomer composed of twelve protein subunits of connexin.
The connexins are polytopic membrane proteins containing four
TM (transmembrane) (TM1-TM4), three cytoplasmic [NT (N-
terminal), IL (intracellular loop) and CT (C-terminal)], and
two extracellular (E1 and E2) domains (reviewed in [1]). Six
connexins oligomerize within the secretory pathway to form a
hemichannel or connexon. Different connexins oligomerize in
different intracellular compartments, as examples Cx43 (connexin
43) in the trans-Golgi network [2,3] and Cx32 in the ER
(endoplasmic reticulum) [3]. After trafficking to the plasma
membrane through the secretory pathway, connexons dock with
complementary connexons of the adjacent cell, leading to the
formation of gap junction channels.

Many cell types express more than one connexin subtype,
making possible oligomerization between identical subunits to
form homomeric connexons or between different subunits to form
heteromeric connexons. Homomeric connexons may form homo-
typic gap junction channels (when docking takes place between
two connexons made of the same connexin), or heterotypic gap
junction channels (when docking involves two homomeric con-
nexons made of different connexins). The resulting homotypic,
heterotypic and heteromeric gap junction channels have specific
and greatly diverse properties (e.g. single channel conductance,
permeability, gating and regulation by kinases) [4-9].

We and others have shown that Cx43 forms heteromeric
channels with Cx45, Cx40 and Cx37, but not with the ‘B’
connexins, Cx26 and Cx32 [4,10-14]. However, there is limited
available information regarding the molecular determinants
for connexin compatibility and oligomerization between
different connexins. Recently, Maeda et al. [15] published the
crystal structure of the gap junction channel formed by human
Cx26 at 3.5 A (1 A = 0.1 nm) resolution. This structure
confirms that the docking between the two adjoining connexons
involves both E1 and E2, consistent with previous studies
showing that amino acid sequences in E2 determine compatibility
of connexins for heterotypic pairing [16]. This structure also
indicates that the inter-protomer interactions that stabilize the
hexameric connexon are mostly located in the extracellular half of
transmembrane helices and in the extracellular loops
[15]. However, the domains determining oligomerization
compatibility remain unknown. Our previous studies suggest
that the CT domain of Cx43 is not needed for oligomerization,
since Cx43tr251, a truncated form of Cx43, forms functional
homomeric channels [17]. When expressed alone, Cx43tr251 does
not form gap junction plaques detectable by immunofluorescence;
however, when co-expressed with wild-type Cx43 or Cx45,
Cx43tr251 forms gap junction plaques [17]. To identify
critical domains for connexin compatibility, we generated a series
of chimaeric constructs in which domains were reciprocally
exchanged between two incompatible connexins, Cx43 and
Cx26, to determine whether they oligomerize with wild-type
connexins.

Abbreviations used: Chi, chimaera; CT, C-terminal; Cx, connexin; E, extracellular loop; ER, endoplasmic reticulum; HA, haemagglutinin; IL, intracellular

loop; LY, Lucifer yellow; NT, N-terminal; TM domain, transmembrane domain.
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Homodimerization of the Src Homology 3 Domain of the
Calcium Channel 3-Subunit Drives Dynamin-dependent

Endocytosis™
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From the*Institut fiur Neurophysiologie, Medizinische Hochschule Hannover, 30625 Hannover, Germany and
SCentro Interdisciplinario de Neurociencia de Valparaiso, Universidad de Valparaiso, Valparaiso 2349400, Chile

Voltage-dependent calcium channels constitute the main
entry pathway for calcium into excitable cells. They are hetero-
multimers formed by an @; pore-forming subunit (Caya,) and
accessory subunits. To achieve a precise coordination of calcium
signals, the expression and activity of these channels is tightly
controlled. The accessory f-subunit (Cay ), a membrane asso-
ciated guanylate kinase containing one guanylate kinase (8-GK)
and one Src homology 3 (B8-SH3) domain, has antagonistic
effects on calcium currents by regulating different aspects of
channel function. Although B-GK binds to a conserved site
within the @;-pore-forming subunit and facilitates channel
opening, -SH3 binds to dynamin and promotes endocytosis.
Here, we investigated the molecular switch underlying the func-
tional duality of this modular protein. We show that 8-SH3
homodimerizes through a single disulfide bond. Substitution of
the only cysteine residue abolishes dimerization and impairs
internalization of L-type Cay/1.2 channels expressed in Xenopus
oocytes while preserving dynamin binding. Covalent linkage of
the B-SH3 dimerization-deficient mutant yields a concatamer
that binds to dynamin and restores endocytosis. Moreover,
using FRET analysis, we show in living cells that Cayf form
oligomers and that this interaction is reduced by Caya;. Asso-
ciation of Cayf3 with a polypeptide encoding the binding motif
in Caye, inhibited endocytosis. Together, these findings reveal
that 8-SH3 dimerization is crucial for endocytosis and suggest
that channel activation and internalization are two mutually
exclusive functions of Cayf3. We propose that a change in the
oligomeric state of Cayf3 is the functional switch between chan-
nel activator and channel internalizer.

Voltage-dependent calcium channels link membrane depo-
larization to transient increases in cytosolic calcium concentra-

* This work was supported by grants from the Deutsche Forschungsgemein-
schaft Grants DFG Hi 800/3-1 and 4-1 (to P. H.), Red de Anillo de Ciencia y
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tion, which in turn mediate a variety of cellular processes,
including gene expression, contraction, neurotransmission,
and exocytosis (1). To direct the signal to a specific subset of an
extensive family of effectors, cells are endowed with a complex
network of regulators that constrain the timing and spreading
of the calcium increase. The subset of voltage-dependent cal-
cium channels that are activated by strong depolarization, also
called high voltage-activated (HVA)? channels, are heteromul-
timers consisting of a central pore-forming subunit (Caya,)
that associates with one or more accessory subunits. Among
them the accessory p-subunit (Cayf) has traditionally been
recognized as one of the most important modulator of HVA
channels (1-3). More recently, it has been shown that the same
subunit mediates several other cellular processes (for review,
see Ref. 4), including regulation of insulin secretion (5), gene
transcription (6) and endocytosis (7). Four Cayf isoforms
(Cay B, to Cayf3,) have been cloned from different nonallelic
genes. Crystallographic studies of three of these provided the
molecular basis for its functional versatility by identifying two
protein-protein interactions modules: an Src homology 3
(B-SH3) and a guanylate kinase (3-GK), which are typically
found in members of the membrane-associated guanylate
kinase family of scaffolding proteins (see Fig. 14) (8 —10). The
functional multiplicity of Cay 3 is achieved by establishing pair-
wise interactions with other protein partners beside Caya;.
How Cay 3 sorts out the different molecular targets inside the
cell remains elusive. One of these partners is dynamin, the
GTPase that scisses newly formed vesicles from the plasma
membrane during endocytosis (11, 12). Dynamin contains a
proline-rich region with several PaxP consensus motifs that
serve as docking sites for SH3 domains (13). SH3/proline-rich
region-mediated interactions appear to recruit dynamin to
areas of endocytosis (14, 15). SH3 domains are small modules
found in a variety of proteins that mediate inter- and intramo-
lecular interactions (16). Several conserved amino acids are
critical for binding to the PawP motif in the ligand proteins.
These residues are also present in the SH3 domain of Cay83, but
they appear occluded in the crystal structure (8 —10). However,

* The abbreviations used are: HVA, high voltage-activated channel(s); Ca, o,
a, pore-forming subunit of HVA channel(s); Ca, 3, accessory -subunit of
HVA channel(s); SH3, Src homology 3; GK, guanylate kinase; AID, «,-inter-
action domain; BN-PAGE, blue native PAGE; CMBI, charge-movement
based internalization; Ef,,, apparent FRET efficiency; CFP, Cyan Fluorescent
Protein; pC, pico Coulomb.
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Iron Mediates N-Methyl-p-aspartate Receptor-dependent
Stimulation of Calcium-induced Pathways and Hippocampal

Synaptic Plasticity™
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Pablo Muiioz™'?, Alexis Humeres™, Claudio Elgueta®, Alfredo Kirkwood!, Cecilia Hidalgo™*, and Marco T. Nufiez™
From the *Centro de Neurociencia, Universidad de Valparaiso, Valparaiso 2360102, Chile, the SCentro Regional de Estudios en
Alimentos Saludables, Valparaiso 2362696, Chile, Centro de Estudios Moleculares de la Célula, Facultad de Medicina,
Universidad de Chile, Santiago 8380453, Chile, the ”Depan“menr of Neurosciences, The Johns Hopkins University, Baltimore,
Maryland 21218, the **Programa de Fisiologia y Biofisica, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de
Chile, Santiago 8389100, and the ¥ Departamento de Biologia, Facultad de Ciencias, and Institute for Cell Dynamics and

Biotechnology, Universidad de Chile, Santiago 7800024, Chile

Iron deficiency hinders hippocampus-dependent learning
processes and impairs cognitive performance, but current
knowledge on the molecular mechanisms underlyingthe unique
role of iron in neuronal function is sparse. Here, we investigated
the participation of iron on calcium signal generation and
ERK1/2 stimulation induced by the glutamate agonist N-
methyl-p-aspartate (NMDA), and the effects of iron addition/
chelation on hippocampal basal synaptic transmission and long-
term potentiation (LTP). Addition of NMDA to primary hip-
pocampal cultures elicited persistent calcium signals that
required functional NMDA receptors and were independent of
calcium influx through L-type calcium channels or @-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptors; NMDA
also promoted ERK1/2 phosphorylation and nuclear transloca-
tion. Iron chelation with desferrioxamine or inhibition of rya-
nodine receptor (RyR)-mediated calcium release with ryanodine-
reduced calcium signal duration and prevented NMDA -induced
ERK1/2 activation. Iron addition to hippocampal neurons read-
ily increased the intracellular labile iron pool and stimulated
reactive oxygen species production; the antioxidant N-acetyl-
cysteine or the hydroxyl radical trapper MCI-186 prevented
these responses. Iron addition to primary hippocampal cultures
kept in calcium-free medium elicited calcium signals and stim-
ulated ERK1/2 phosphorylation; RyR inhibition abolished these
effects. Iron chelation decreased basal synaptic transmission in
hippocampal slices, inhibited iron-induced synaptic stimula-
tion, and impaired sustained LTP in hippocampal CA1 neurons
induced by strong stimulation. In contrast, iron addition facili-
tated sustained LTP induction after suboptimal tetanic stimula-
tion. Together, these results suggest that hippocampal neurons
require iron to generate RyR-mediated calcium signals after

* This work was supported by Millennium Scientific Initiative Grant ICM-P05-
001-F (to M. T. N.), Fondecyt-FONDAP Grant 15010006 (to C. H), and Fondo
Nacional de Desarrollo Cientifico y Tecnolégico Grant FONDECYT 3080046
(to P.M.).

Bl The on-line version of this article (available at http://www.jbc.org) contains
supplemental Figs. S1-S5.

" To whom correspondence should be addressed: Centro de Neurociencia,
Universidad de Valparaiso, Valparaiso, Chile. Tel.: 56-32-2508186; Fax:
56-32-2508027; E-mail: pmunoz@cnv.cl.

2 Both authors contributed equally to this work.
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NMDA receptor stimulation, which in turn promotes ERK1/2
activation, an essential step of sustained LTP.

Iron deficiency during early life is associated with signifi-
cantly lower cognitive and behavioral infant development
(1-3), severe deterioration of hippocampal neuronal function
(4—6), and poor memory and spatial learning capabilities (7—9).
Current understanding of the relationship between neuronal
function and brain iron status is sparse, and the molecular
mechanisms underlying the essential role of iron in neuronal
function remain mostly unidentified. Nonetheless, a role for
iron in synaptic plasticity and the associated generation of post-
synaptic Ca®* signals has begun to emerge (10-12).

Neurons obtain iron via transferrin-dependent and -inde-
pendent uptake pathways. The iron concentration in cerebro-
spinal fluid is sufficient to saturate the binding capacity of
transferrin (13). This feature highlights the need for transfer-
rin-independent iron uptake, which is likelyto occur in neurons
that express the iron transporter DMT1, such as hippocampal
pyramidal and granule cells, cerebellar granule cells, pyramidal
cells of the piriform cortex, substantia nigra, and the ventral
portion of the anterior olfactory nucleus (14—16). The high
DMT1 expression levels in these neurons suggest that DMT1-
mediated iron uptake is necessary for their function.

Iron uptake into neurons stimulates the generation of reac-
tive oxygen species (ROS)® and modifies the redox potential
established by the intracellular levels of oxidized and reduced
glutathione (17). Consequently, by modifying the cellular redox
potential, iron is likely to modulate the balance between
reduced and oxidized sulfhydryl groups in proteins. Iron,
through the Haber-Weiss and Fenton reactions, is also a net
generator of ROS, including the highly reactive hydroxyl radical
(18, 19).

* The abbreviations used are: ROS, reactive oxygen species; NMDA, N-methyl-
D-aspartate; RyR, ryanodine receptor; LTP, long-term potentiation; AMPA,
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; LIP, labile iron
pool; Fe-NTA, FeCl.-sodium nitrilotriacetate; DCDHF-DA, 2’,7'-dichlorodi-
hydrofluorescein diacetate; DCF, 2’,7'-dichlorofluorescein; DFO, desfer-
rioxamine; NAC, N-acetylcysteine; ACSF, artificial cerebrospinal fluid; TBS,
theta burst stimulation; CREB, cAMP-response element-binding protein;
fEPSP, field excitatory postsynaptic potential.
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Amyloid -Induced Death in Neurons Involves Glial
and Neuronal Hemichannels

Juan A. Orellana,' Kenji F. Shoji,! Veronica Abudara,?? Pascal Ezan,” Edwige Amigou,? Pablo J. Séez,! Jean X. Jiang,*
Christian C. Naus,® Juan C. Séez,'° and Christian Giaume?

'Departamento de Fisiologfa, Pontificia Universidad Catélica de Chile, Santiago 6513677, Chile, 2Inserm, Unité 840, Collége de France, 75231 Paris Cedex
05, France, *Departamento de Fisiologfa, Facultad de Medicina, Universidad de la Reptiblica, 11800 Montevideo, Uruguay, ‘Department of Biochemistry,
University of Texas Health Science Center, San Antonio, Texas 78229, “Department of Cellular and Physiological Sciences, Life Sciences Institute, University
of British Columbia, Vancouver, British Columbia V6T 173, Canada, and ¢Instituto Milenio, Centro Interdisciplinario de Neurociencias de Valparaiso,
Valparaiso 2340000, Chile

The mechanisms involved in Alzheimer’s disease are not completely understood and how glial cells contribute to this neurodegenerative
disease remains to be elucidated. Because inflammatory treatments and products released from activated microglia increase glial hemi-
channel activity, we investigated whether amyloid- 3 peptide (A 3) could regulate these channels in glial cells and affect neurenal viability.
Microglia, astrocytes, or neurcnal cultures as well as acute hippocampal slices made from GFAP-eGFP transgenic mice were treated with
the active fragment of Aj3. Hemichannel activity was monitored by single-channel recordings and by time-lapse ethidium uptake,
whereas neuronal death was assessed by Fluoro-Jade C staining. We report that low concentrations of A3,5_35; increased hemichannel
activity in all three cell types and microglia initiate these effects triggered by ApB. Finally, neuronal damage occurs by activation of
neuronal hemichannels induced by ATP and glutamate released from Af3,;_ss-activated glia. These responses were observed in the
presence of external calcium and were differently inhibited by hemichannel blockers, whereas the A 3,5_3s-induced neuronal damagewas
importantly reduced in acute slices made from Cx43 knock-out mice. Thus, Aj3 leads to a cascade of hemichannel activation in which
microglia promote the release of glutamate and ATP through glial (microglia and astrocytes) hemichannels that induces neuronal death
by triggering hemichannels in neurens. Consequently, this work epens novel avenues for alternative treatments that target glial cells and

neurons to maintain neuronal survival in the presence of AS3.

Introduction

Alzheimer’s disease (AD) is an age-related neurodegenerative
disease that results in memory loss, behavior and personality
changes, among other symptoms. The generation of amyloid
plaques in the extracellular brain parenchyma composed by
amyloid-B (ApB) peptide (LaFerla et al., 2007) and reactive gliosis
are among tissue manifestations. AB is a peptide generated by
proteolytic cleavage of APP (amyloid precursor protein) (LaFerla
et al., 2007) and its fragment, 25-35 (Af3,5_55), contains the neu-
rotoxic A domain (Pike et al., 1995b). Although AB neurotox-
icity involves activation of NMDA receptors, sustained elevations
of [Ca®"], and oxidative stress (LaFerla et al., 2007), the full

Received Dec. 9, 2010; revised Jan. 17, 2011; accepted Jan. 30, 2011.
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underlying mechanism associated with AD remains to be
elucidated.

Brains from AD patients exhibit a reactive gliosis character-
ized by glial activation closely associated with amyloid plaques
(Kalaria, 1999). Moreover, it has been reported that the immu-
noreactivity of connexin 43 (Cx43), a gap junction channel and
hemichannel protein subunit (Sdez et al., 2003), is increased
around amyloid plaques (Nagy et al., 1996; Mei et al., 2010). Gap
junctions are membrane specializations that provide a direct cy-
toplasmic pathway between contacting cells by aggregates that
contain a few tens to thousands of cell-to-cell channels, termed
gap junction channels (Sdez et al., 2003). They are formed by the
docking of two hemichannels, contributed by each contacting
cell (Sdez et al., 2003). Each hemichannel is formed by oligomer-
ization of connexins, which are expressed by astrocytes, micro-
glia, and neurons (Orellana et al,, 2009). A more recently
described three-member protein family, termed pannexins
(Panxs), can also form hemichannels at the cell surface of diverse
mammalian cells (Scemes et al., 2009) and have been proposed to
play a relevant role in inflammasome activation in astrocytes and
neurons (Iglesias et al., 2009).

It has been proposed that, under chronic pathological condi-
tions (e.g., AD), activated microglia release proinflammatory
molecules that increase hemichannel opening and reduce gap
junctional communication in astrocytes, depriving neurons of
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Abstract

Inflammation contributes to neurodegeneration in post-ische-
mic brain, diabetes, and Alzheimer's disease. Participants in
this inflammatory response include activation of microglia and
astrocytes. We studied the role of microglia treated with
amyloid-p peptide {Ap) on hemichannel activity of astrocytes
subjected to hypoxia in high glucose. Reoxygenation after 3 h
hypoxia in high glucose induced transient astroglial permea-
bilization via Cx43 hemichannels and reduction in intercellular
communication via Cx43 cell-cell channels. Both responses
were greater and longer lasting in astrocytes previously ex-
posed for 24 h to conditioned medium from AB-treated mi-
croglia {CM-AB). The effects of CM-Ap were mimicked by
TNF-o and IL-1p and were abrogated by neutralizing TNF-u
with soluble receptor and IL-1p with a receptor antagonist.
Astrocytes under basal conditions protected neurons against
hypoxia, but exposure to CM-AB made them toxic to neurons
subjected to a sub-lethal hypoxia/reoxygenation episode,

The most common acute brain insult is ischemic stroke,
where transient or permanent reduction in cerebral blood
flow deprives the tissue of oxygen and glucose and permits
build-up of potentially toxic substances, effects that together
lead to rapid or delayed cell death (Dirnagl et al. 1999). An
association between Alzheimer’s disease (AD) and ischemic
stroke has been established. Indeed, patients that on autopsy
show cerebral infarcts and AD pathology are more cogni-
tively impaired than patients with AD pathology alone
(Snowdon et al. 1997). Moreover, the presence of high levels

© 2011 The Authors

revealing the additive nature of the insults. Astrocytes ex-
posed to CM-AP induced permeabilization of cortical neurons
through activation of neuronal pannexin 1 {Panx1) hemi-
channels by ATP and glutamate released through astroglial
Cx43 hemichannels. In agreement, inhibition of NMDA or P2X
receptors only partially reduced the activation of neuronal
Panx1 hemichannels and neurcnal mortality, but simulta-
neous inhibition of both receptors completely prevented the
neurotoxic response. Therefore, we suggest that responses to
ATP and glutamate converge in activation of neurcnal Panx1
hemichannels. Thus, we propose that blocking hemichannels
expressed by astrocytes and/or neurons in the inflamed ner-
vous system could represent a novel and alternative strategy
to reduce neurcnal loss in various pathological states includ-
ing Alzheimer’s disease, diabetes and ischemia.

Keywords: Alzheimer's disease, amyloid B-peptide, connex-
in, cytokines, diabetes mellitus, gap junctions, pannexin, stroke.
J. Neurochem. {2011) 118, 826-840.
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Abstract: In the normal brain, cellular types that compose the neurovascular unit, including neurons, astrocytes and endothelial cells
express pannexins and connexins, which are protein subunits of two families that form plasma membrane channels. Most available
evidence in mammals indicated that endogenously expressed pannexins only form hemichannels, and connexins form both gap junction
channels and hemichannels. While gap junction channels connect the cytoplasm of contacting cells and coordinate electrical and
metabolic activities, hemichannels communicate intra- and extracellular compartments and serve as diffusional pathways for ions and
small molecules. Here, evidence supporting the functional role of hemichannels in the neurovascular unit and white matter under
physiological and pathological conditions are reviewed. A sub-threshold acute pathological threatening condition (e.g., stroke and brain
infection) leads to glial cell activation, which maintains an active defense and restores the normal function of the neurovascular unit.
However, if the stimulus is deleterious, microglia and the endothelium become overactivated, both releasing bioactive molecules (e.g.,
glutamate, cytokines, prostaglandins and ATP) that increase the activity of astroglial hemichannels, reducing the astrocyte
neuroprotective functions, and further reducing neuronal cell viability. Moreover, ATP is known to contribute to myelin degeneration of
axons. Consequently, hemichannels might play a relevant role in the excitotoxic response of oligodendrocytes observed in ischemia and
encephalomyelitis. Regulated changes in hemichannel permeability in healthy brain cells can have positive consequences in terms of
paracrine/autocrine signaling, whereas persistent changes in cells affected by neurological disorders can be detrimental. Therefore,
blocking hemichannels expressed by glial cells and/or neurons of the inflamed central nervous system might prevent neurovascular unit

dysfunction and neurodegeneration.

Keywords: Cerebral vasculature, connexins, glial cells, inflammation, myelination, pannexins.

INTRODUCTION

Astroglial cells were long considered to be part of connective
tissue or simple support cells in the central nervous system (CNS).
However, with the advent of the #ipartite synapse conception, they
are now recognized as essential protagonists in brain processing as
well as in neurodegeneration. The term #ripartite synapse denotes
that in addition to the information flow between pre- and
postsynaptic neurons, astroglial processes that wrap the synapses
exchange information with them and respond to synaptic activity
and modulate  synaptic transmission [1].  Neuron-glia
communication not only occurs through the release of
gliotransmitters and neurotransmitters by astrocytes and neurons,
respectively, but could also take place by direct contact between
neurons, or neurons and glia, via electrical and metabolic coupling
through gap junctions [2, 3]. Moreover, astrocytes form extended
networks along domains of the brain parenchyma by direct
communication between each other. They also do so with
oligodendrocytes mainly through gap junctions [4, 5], which protect
neurons through the “spatial buffering” of neurotoxic molecules [6].
In fact, reduced gap junctional communication between astrocytes
and/or oligodendrocytes is associated with neurotoxicity [7, 8].

Gap junctions are membrane specializations that provide
cytoplasmic pathways between contacting cells, and are permeable
to molecules smaller than ~1.4 nm of diameter. Generally, gap
junctions are aggregates or plaques that contain a few tens to
thousands of cell-cell channels. Each gap junction channel is
formed by two hemichannels (also termed connexons) that are

*Address correspondence to this author at the Departamento de Fisiologia,
Pontificia Universidad Catdlica de Chile, Alameda 340, Santiago, Chile;
Tel: +5626862860; Fax: +5622225515; E-mail: jaorella@uc.cl

1871-5273/11 $58.00+.00

contributed by each adjacent cell [9] (Fig. 1). Each hemichannel is
composed of six protein subunits termed connexins, which belong
to a highly conserved protein family encoded by 21 genes in human
and 20 genes in mouse with orthologs in other vertebrate species
[10]. Connexins are abundantly expressed in cells of the CNS [6],
and are named after their predicted molecular mass expressed in
kDa, so that connexin43 (Cx43) has a molecular mass of ~43 kDa.

In addition to providing a direct communication pathway for
the intercellular exchange of small molecules, such as metabolites
(e.g., ADP, glucose, glutamate, and glutathione) and second
messengers (e.g., cAMP and inositol (1,4,5)-trisphosphate (IP5) [11-
16]), gap junctions also allow the intercellular spread of
electrotonic potentials in excitable and non-excitable tissues [17-
19]. In the last decade, the presence of functional connexin
hemichannels in nonjunctional membranes has been demonstrated
by several experimental approaches [20]. So far, most connexins
expressed in exogenous systems generate non-selective current
pathways attributed to hemichannel opening [21]. These channels
allow cellular release of relevant quantities of autocrine/paracrine
signaling molecules (e.g., ATP, glutamate, NAD', and
prostaglandin E,) to the extracellular milieu [22-25], as well as
uptake of small molecules (e.g., glucose) [26].

An increasing body of evidence has situated the hemichannels
as potential regulators of the initiation and maintenance of
homeostatic imbalances present in diverse brain diseases [6].
Pioneering findings by Contreras ef al. [27] showed that astroglial
death induced by ischemia-like conditions is accelerated by the
opening of Cx43 hemichannels. Because astrocytes provide
metabolic and structural support to neurons and control the
extracellular concentration of glutamate, K* and HY, damage
associated with hemichannel opening has been proposed to increase

© 2011 Bentham Science Publishers
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1. Introduction

Progressive loss of neuronal structure and function occur in several neurodegenerative
diseases. Cellular responses to brain injury depend on properties of the cells (e.g., hormonal
nutritional status) and insult (e.g., duration, intensity, and quality), whereas, tissue
responses depend on interactions between their constituent cells, including chemical and
electrical transmission as well as paracrine and autocrine signaling. In vertebrate cells,
autocrine and paracrine communication occur in part via release of chemical signals through
connexin hemichannels (Saez et al. 2010), the precursors of gap junction channels that are
formed by two hemichannels provided by one of each apposed cells (Fig.1). Each
hemichannel is composed of six protein subunits termed connexins, which are highly
conserved proteins encoded by 21 genes in human and 20 in mouse with orthologs in other
vertebrate species (Cruciani and Mikalsen 2005). Connexins are abundantly expressed in
cells of the central nervous system (CNS) (Orellana et al. 2009) (Fig. 2), and they are named
after their predicted molecular mass expressed in kDa, so that connexind3 (Cx43) has a
molecular mass of ~43 kDa.

For a long time the main function attributed to connexin hemichannels was the formation of
gap junction channels. Nevertheless, in the last decade, the presence of functional connexin
hemichannels in nonjunctional membranes has been demonstrated by several experimental
approaches (Saez et al. 2010). These channels allow cellular release of relevant quantities of
autocrine/ paracrine signaling molecules (e.g., ATP, glutamate, NAD* and PGEy) to the
extracellular milieu (Bruzzone et al. 2001; Cherian et al. 2005; Stout et al. 2002), as well as
uptake of small molecules (e.g., glucose) (Retamal et al. 2007a). Recently, another gene
family encoding a set of three membrane proteins, named pannexins (Panxs 1-3), has been
identified (Bruzzone et al. 2003). Up to now, only Panx3 has been shown to form gap
junctions in osteoblasts (Ishikawa et al. 2011) and further studies will be required to identify
pannexin gap junctions in other cell types. Connexins and pannexins present similar
membrane topology, with four a-helical transmembrane domains connected by two
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Un recorrido junto a Francisco Varela

Adrian Palacios, Diego Cosmelli y Amy Cohen-Varela!

Sin duda, Francisco Varela (1946 - 2001) fue un explorador intrépido y
curioso, en sus propias palabras, del “Fenémeno de la vida en todo su
esplendor”. ;Pero quién fue Francisco Varela? ;Cuél es la importancia
de su obra?

Deseosos de responder a estas preguntas hemos querido recopilar
en un escrito orientador y motivador, una suerte de cartografia o mapa,
dirigido al publico general, para dar cuenta de las principales rutas de
trabajo que exploré Francisco Varela a lo largo de su vida. Sin preten-
der ser exhaustivos en una compilacién como ésta, si esperamos que
la seleccion, que nos invita a una suerte de exploracién de los caminos
recorridos por Francisco, nos permita vislumbrar la magnitud y diver-
sidad del trabajo de este gran pensador y cientifico de nuestra época.
Al hacerlo queremos entregar una fuente de reflexién sobre el origen
de las ideas sin perder de vista el tiempo histérico en el cual éstas vie-
ron el dia. Francisco publicé cerca de 200 articulos cientificos, escribié
varios libros y desarrollé su investigacion y formacién de estudiantes
durante mas de 30 afios.

Francisco estuvo desde siempre interesado en la “biologia del cos-
mos”. Si bien esto pareciese a simple lectura una meta sin dimension,

1. Amy Cohen-Varela, Psicéloga Clinica, Psicoanalista. Viuda de Francisco Varela, Paris,
Francia.
Adrian Palacios, Doctor en Neurociencia, Universidad de Pierre et Marie Curie,
Paris, Francia. Profesor Universidad de Valparaiso, Investigador del Centro Inter-
disciplinario de Neurociencia de Valparaiso e Instituto de Sistemas Complejos de
Valparaiso, Valparaiso, Chile.
Diego Cosmelli, Doctor en Ciencias Cognitiva, Escuela Politécnica, Paris, Francia. Profe-
sor Asociado, P Universidad Cat6lica de Chile, Escuela de Psicologia, Santiago, Chile.
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Abstract Walleye dermal sarcoma (WDS) is a benign
tumor of walleye fish that develops and completely
regresses seasonally. The retrovirus associated with this
disease, walleye dermal sarcoma virus, encodes three
accessory genes, two of which, rv-cyclin (orf4) and orfb,
are thought to play a role in tumor development. In this
study, we attempted to recapitulate WDS development by
expressing rv-cyclin in chimeric and stable transgenic
zebrafish. Six stable transgenic lines expressing rv-cyclin
from the constitutive CMVtk promoter were generated.
Immunohistochemistry and quantitative reverse transcrip-
tase polymerase chain reaction demonstrate that rv-cyclin is
widely expressed in different tissues in these fish. These
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lines were viable and histologically normal for up to
2 years. No increase in tumors or tissue proliferation was
observed following N-ethyl N-nitrosourea exposure or
following tail wounding and subsequent tissue regenera-
tion compared to controls. These data indicate that rv-
cyclin is not independently sufficient for tumor induction
in zebrafish.

Keywords Walleye dermal sarcoma virus - orfA -
rv-cyclin - Fish retrovirus - Walleye dermal sarcoma -
Zebrafish

Introduction

Walleye dermal sarcoma virus (WDSV), an Epsilonretrovi-
rus, was first identified in association with benign cutane-
ous proliferative lesions in walleyes (Sander vitreus)
(Martineau et al. 1992), known as walleye dermal sarcoma
(WDS), and was found to be highly enriched within
neoplastic cells (Poulet et al. 1995). Subsequent molecular
characterization of WDSV identified three novel open
reading frames: rv-cyclin (orfd), orfB, and orfC. The
accessory genes rv-cyclin and orfb are located downstream
of env in the 3’ proximal region of the genome, and orfC
lies between the 5’ long terminal repeat and gag (Holzschu
et al. 1995).

Several observations suggest that rv-cyclin and OrfB
may play a central role in inducing cell proliferation,
leading to WDS. In developing WDS fall tumors, low
levels of spliced viral transcripts are present that are capable
of encoding rv-cyclin and OrfB exclusively (Quackenbush
et al. 1997). The rv-cyclin protein contains a region
homologous to the cyclin box fold (LaPierre et al. 1998).
Functionally, rv-cyclin complements cyclin function in G1
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Could an Allosteric Gating Model Explain the Role of TRPA1
in Cold Hypersensitivity?
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Review of del Camino et al.

Mammalian transient receptor potential
(TRP) channels consist of at least seven
families of related proteins. A subset be-
long to the TRP channel superfamily, and
they are responsible for temperature de-
tection in mammals. These TRP channels
(thermoTRPs) are expressed primarily in
the dorsal root ganglion neurons in both
somatosensory and nociceptive fibers.
They respond to a wide range of temper-
atures from extreme cold (<10°C) to ex-
treme heat (>>42°C) (Latorre et al., 2009).
TRPALI is a cold-activated thermoTRP, and
it is also activated by a broad spectrum of
endogenous agonists and exogenous reac-
tive irritants. Several of its activators are re-
lated to inflammatory processes. Although
TRPALI has been reported as an extreme
cold receptor, its role in acute response to
low temperatures is still controversial.
Using a heterologous expression, del
Camino et al. (2010) confirmed findings
by other groups (Sawada et al, 2007;
Karashima et al., 2009) that TRPA 1 chan-
nels and the cold-mediated activation of

Received Dec. 27, 2010; reyised Feb. 1,2011; accepted Feb, 4, 2011

This work was supported by Fondo Nacional de Desarrollo Cientfficoy
Tecnol6gico Grant 1070049 and Comision Nacional de Investigacion Cientf-
ficay Tecnoldgica fellowships. We thank to Drs. Ramon Latorre and Carlos
Gonzalezfor reading our manuscript, and for giving some suggestions that
have been helpful toimprove it. Centro Interdisciplinario de Neurociencia
Valparaisois a millenium institute,

Carrespondence should be addressed to David Baez-Nieto, Centrolnter-
disciplinario de Neurodencias de Valparaiso, Gran Bretaria #1111, Playa
Ancha, Valparaiso 2349400, Chile. E-mail: david.baez@crw.cl.

DOI:10.1523/INEUR0SCL.6775-10.2011
Copyright ©2011the authors  0270-6474/11/315554-03515.00/0

TRPA1 current are Ca”>* independent.
More importantly, del Camino et al. (2010)
showed that TRPA 1 elicited currentsby allyl
isothiocyanate (AITC) and other agonists
were increased when the temperature was
lowered from 25°C to 10°C. These results
conflict with those obtained by Karashima
et al. (2009), who found that agonist-
induced currents were reduced at lower
temperatures. del Camino et al. (2010) ex-
plained that this discrepancy was due to a
slower cooling system and the presence of
extracellular calcium in the Karashima et al.
(2009) experiment.

Figure 3 in del Camino et al. (2010)
demonstratesthat TRPA1 currentsshowa
stronger increment when stimulated by
AITC than by extreme cold. The incre-
ment is even greater when both stimuliare
combined. Furthermore, when TRPAl
was stimulated by a highly saturated con-
centration of agonist [del Camino et al.
(2010), their Fig. 3C] and the temperature
lowered from 30°C to 10-20°C, it pro-
duced comparable relative increases of
currents. This result suggests that the
equilibrium constant that governs the
transition between the closed and open
states is biased toward the open state by
the presence of AITC.

The best model that can explain this
bias is the allosteric kinetic model. This
Journal Club paper aims to can clarify
how TRPA1 might respond synergistically
to different stimuli, such as temperature
and agonists (Fig. 1A). Our model estab-

lishes that different sensors (temperature
and chemical) are located in different
structural domains of the protein. Each
structural domain is allosterically coupled
to the channel gate, thus influencing the
channel open probability (P,).

The allosteric model for temperature
and agonist concentration predicts that P,
asa function of temperature and agonist is
given by the following equation:

1
Po= 1+K+Q+KQ °
1+

L(1 + KC + QF + KCQF)

where L is the equilibrium constant be-
tween closed and open state, when all sen-
sorsare relaxed; Kand Q are the constants
that govern the temperature- and agonist-
dependent transitions; and Cand F are the
allosteric constants that couple the tem-
perature and agonist sensors, respectively,
with the channel gate.

Loss of sensitivity to other stimuli at
high concentrations of agonist has been
reported for other thermoTRPs, includ-
ing TRPM8 and TRPV1 (Matta and
Ahern, 2007). Our model supports these
findings and predicts that in nonsatu-
rated agonist concentration the relative
increase of P, in response to thermal
stimulus should be greater (Fig. 1D) as
reported by del Camino et al. (2010)
(their Fig. 3C). Keeping in mind that a
chemical stimulus causes more TRPA1
activity than cold, introducing a saturated
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Zebrafish Preference for Light or Dark Is Dependent
on Ambient Light Levels and Olfactory Stimulation

Jessica F. Stephenson!? Kathleen E. Whitlock? and Julian C. Partridge’

Abstract

Zebrafish have been shown to have preference for light or dark environments depending on the ambient light
level and the presence or absence of food odor. We used a cylindrical tank, half of which was surrounded by a
black surface and the other half by white, to elicit a choice from individual wild-type, adult zebrafish. One
treatment group was exposed to food odor and the other to water (as a control) at the beginning of the trial.
During 10-min trials, the light level was increased each minute over a fivefold range in steps from 1.34x10%
photons/ s/m> at the beginning to a final light level of 8.31x10% photons/s/ m? We demonstrate that the
preference of the zebrafish for the light or dark half of the cylinder is dependent upon ambient light levels as well
as olfactory stimulation. These results provide a potential explanation for the contradictory observations that,
when given a choice, adult zebrafish prefer brighter light environments (Gerlai ef al., 2000) or darker light
environments (Serra ef al, 1999). Thus, we present data useful in designing more powerful and reliable be-
havioral assays for use with zebrafish as well as further information about the effect of olfactory stimulation on
zebrafish visual behavior.

Introduction This experiment therefore tests two hypotheses: (1) Zeb-
rafish exhibit a preference for a relatively light or dark envi-
ZEBRAFISH ARE AN IMPORTANT model species in studies of ~ronment depending on the ambient light level; (2) olfactory
genetics, physiology, and developmental biology® and in  stimulation alters zebrafish light/dark preference behavior at
medical science.>™ Because of its potential use in behavioral ~light levels above the threshold required for a response to a
genetic studies,”® as well as behavioral assays of the effects of ~ visual stimulus.
ch'\:lgs,7’8 disease,’ or genetic mutations, ' zebrafish are also
becoming more popular as a model for behavioral studies. '
Two studies, by Gerlai et al.'® and Serra et al.,'® tested the
effectiveness of a simple behavioral assay in zebrafish: the
preference for a light or dark environment. The fish tested by The zebrafish used in this study were from the breeding
Gerlai et al.'® appeared to prefer a light environment, whereas  population at the University of Valparaiso, Chile, and were
those tested by Serra ef al.'® demonstrated the opposite pref- naive to any form of behavioral experiment. The genetically
erence. The simplicity of this assay and the strength of the defined “New Wild-type” line, derived from the University of
response make it a potentially attractive and widely applica- Oregon AB line (http://zfin.org/; Zebrafish International
ble test, but first these contradictory results reported need Resources Center [ZIRC]), was used throughout this work.
explanation. Twenty wild-type zebrafish (10 females and 10 males) were
Zebrafish visual behavior has been well documented,”” and ~ kept at 26°C~27°C in 40-L aquaria filled with deionized (re-
several studies suggest that it is affected by olfactory stimu-  verse osmosis) water to which Instant Ocean® Sea Salt was
lation'®2® (Stephenson, Partridge, and Whitlock, Un- added to reach a conductivity of 400 micro-Siemens/cm? and
published data). Behavioral tests of this hypothesis have been  sodium bicarbonate was added to reach pH 7.3 (hereafter
restricted to determining whether the threshold of light re-  referred to as “fish water”). Fluorescent room light provided a
quired for a response to a visual stimulus is lower after ex- 13.5:10.5 (L:D) photoperiod (light phase: 9 am to 10.30 pm);
posure to olfactory stimuli?® (Stephenson, Partridge, and light level at the surface of the water in the communal home
Whitlock, Unpublished data). tanks ranged from 619 to 705 Ix. When fish were held in

Materials and Methods

Fish origin and maintenance

*School of Biological Sciences, University of Bristol, Bristol, United Kingdom.
2Centro de Neurociencia, Centro de Genomicas Celular, Universidad de Valparaiso, Valparaiso, Chile.
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Abstract Human Down syndrome (DS) is determined by
the trisomy of autosome 21 and is expressed by multiple
abnormalities, being mental retardation the most striking
feature. The condition results in altered electrical mem-
brane properties (EMPs) of fetal neurons, which are qual-
itatively identical to those of trisomy 16 fetal mice (Ts16),
an animal model of the human condition. Tsl6 hippo-
campal cultured neurons reportedly exhibit increased
voltage-dependent calcium currents (I-,) amplitude. Since
Tsl6 animals are unviable, we have established immor-
talized cell lines from the cerebral cortex of Ts16 (named
CTb) and normal littermates (named CNh). Using the
whole-cell patch-clamp technique, we have now studied /¢,
in CTb and CNh cells. Current activation occurs at
—40 mV in both cell lines (Vyo1ding = —80 mV). Trisomic
cells exhibited a 2.4 fold increase in the maximal Ca®"
current density compared to normal cells (CNh =
—63 £ 0.77 pA/pF, n=18, CTb = —164 + 2423
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PA/pF; P < 0.01, n = 13). Time dependent kinetics for
activation and inactivation did not differ between the two
cell types. However, steady state inactivation studies
revealed a 15 mV shift toward more depolarized potentials
in the trisomic condition, suggesting that altered voltage
dependence of inactivation may underlie the increased
current density. Further, the total charge movement across
the membrane is increased in CTb cells, in agreement with
that expected by the potential sensitivity shift. These results
indicate that CTb cells present altered Ca®*t currents,
similar to those of Ts16 primary cultured central neurons.
The CTb cell line represents a model for studying
DS-related impairments of EMPs.

Keywords Down syndrome - Calcium currents -
Trisomy - Patch clamp

Introduction

Down Syndrome (DS) in humans is caused by the presence
of an extra copy of chromosome 21 (HSA21) (Jacobs et al.
1959; Lejeune et al. 1959). The condition represents the
most common cause of mental retardation of genetic origin
(Oster-Granite 1986; Loesch-Mdzewska 1968; Johnson and
Abelson 1969; Scott et al. 1983). Other abnormalities
include cardiac malformations, immunological disorders, a
higher incidence of leukemia and patients also develop
Alzheimer’s disease (AD)-like pathology after the fourth
decade of life (Epstein 1986a, b; Ault et al. 1989; Schapiro
et al. 1988). 127 genes have been identified in this chro-
mosome, along with 98 possible new genes, and 59 pseudo-
genes, all of which could be overexpressed in DS (Epstein
1986a; Hattori et al. 2000; Saud et al. 2006), determining
an excess gene dosage effect.

@ Springer
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ABSTRACT: Simulation of three models of cardiolipin {CL) containing membranes using a new set of parameters for
tetramyristoyl and tetraoleoyl CLs has been developed in the framework of the united-atom CHARMM27-UA and the all-atom
CHARMMS36 force fields with the aim of performing molecular dynamics (MD) simulations of cardiolipin-containing mixed-
lipid membranes. The new parameters use a hybrid representation of all-atom head groups in conjunction with implicit-hydrogen
united-atom (UA) to describe the oleoyl and myristoyl chains of the CLs, in lieu of the fully atomistic description, thereby
allowing longer simulations to be undertaken. The physicochemical properties of the bilayers were determined and compared
with previously reported data. Furthermore, using tetramyristoyl CL mixed with POPG and POPE lipids, a mitochondrial
membrane was simulated. The results presented here show the different behavior of the bilayers as a result of the lipid
composition, where the length of the acyl chain and the conformation of the headgroup can be associated with the mitochondrial
membrane properties. The new hybrid CL parameters prove to be well suited for the simulation of the molecular structure of
CL-containing bilayers and can be extended to other lipid bilayers composed of CLs with different acyl chains or alternate head

group S.

1. INTRODUCTION

Mitochondria are organelles that provide most of the chemical
energy required by the cell, namely adenosine triphosphate
(ATP), from oxidative metabolism. In the inner mitochondrial
membrane (IMM) is found an unusual type of dimeric
phospholipid, cardiolipin {CL), the structure of which consists
of three glycerol backbones, four acyl chains and a divalent
anionic headgroup (see Figure 1).! CLs play multiple roles
related to energy transformation, apoptosis and membrane
integrity. Several mitochondrial proteins have been shown to
require CLs for their optimal activity. Such is the case, among
others, of cytochrome P-4505cc,” mitochondrial creatine
kinase,>® mitochondrial L-glycerol-3-phosphate dehydrogenase7
and mitochondrial carnitine acylcarnitine translocase.® A
number of investigations have suggested that CLs are
associated with the mitochondrial apoptotic pa’fhway,g or
different complexes of the respiratory chain, involved in the
transduction of electrons and the synthesis of ATP in the
IMM.'*!! In addition, CLs are of paramount importance in the
formation of contact sites between the inner and outer
mitochondrial membrane by virtue of its ability to arrange
spatially into hexagonal Hy phases.'> They are also related to

W ACS Publica'tions © 2012 American Chemical Society
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membrane lipid polarization in prokaryotic organisms in a
process mediated by CL intrinsic curvature.'>'*

Detailed structural information of CLs is admittedly scarce:
only a handful of data on CL aggregates and IMM protein—CL
interactions have been reported hitherto."
structures deposited in the Protein Data Bank (PDB) contain
CLs cocrystallized with IMM proteins.16719 Because CLs were
cocrystallized with the protein, the conformation of these lipids
is not necessarily representative of that found in a hydrated
bilayer.

Computer simulations have proven to constitute a useful
2021

A number of

approach to study the properties of lipid aggregates.
Simulations can be employed to investigate the dynamics of
individual molecules and the assembly thereof, with the
potential to attain a much more detailed picture than would
be obtained at the experimental level. Moreover, computer
simulations allow theoretical and experimental parameters to be
compared directly and are now sufficiently reliable to endeavor
the investigation of molecular assemblies that can only be

Received: November 23, 2011
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Postsynaptic dysfunction is associated with spatial
and object recognition memory loss in a natural
model of Alzheimer’s disease

Alvaro O. Ardiles?, Cheril C. Tapia-Rojas", Madhuchhanda Mandal, Frédéric Alexandre®, Afredo Kirkwood®",

Nibaldo C. Inestrosa®, and Adrian G. Palacios®’

#Centro Interdisciplinario de Neurociencia de Valparaiso, Facultad de Ciencias, Universidad de Valparaiso, 2360102 Valparaiso, Chile; BCentro de
Envejecimiento y Regeneracion, Facultad de Ciencias Biolégicas, Pontificia Universidad Catélica de Chile, 8331010 Santiago, Chile; ‘“Mind/Brain Institute
and Department of Neurosciences, Johns Hopkins University, Baltimore, MD 21218; and YInstitut des Maladies MNeurodégénératives, Department Mnemosyne,

Centre de Recherche Inria Bordeaux, F-33076 Bordeaux, France

Edited by Robert C. Malenka, Stanford University School of Medicine, Stanford, CA, and approved July 6, 2012 {received for review January 23, 2012)

Alzheimer's disease (AD} is an age-related neurodegenerative
disorder associated with progressive memory loss, severe demen-
tia, and hallmark neuropathological markers, such as deposition
of amyloid-f§ (AP} peptides in senile plagues and accumulation of
hyperphosphorylated tau proteins in neurofibrillary tangles. Recent
evidence obtained from transgenic mouse models suggests that
soluble, nonfibrillar Af oligomers may induce synaptic failure early
in AD. Despite their undoubted value, these transgenic models rely
on genetic manipulations that represent the inherited and familial,
but not the most abundant, sporadic form of AD. A nontransgenic
animal model that still develops hallmarks of AD would be an
important step toward understanding how sporadic AD is initiated.
Here we show that starting between 12 and 36 mo of age, the
rodent Octodon degus naturally develops neuropathological signs
of AD, such as accumulation of Ap oligomers and phosphorylated
tau proteins. Moreover, age-related changes in Ap oligomers and
tau phosphorylation levels are correlated with decreases in spatial
and object recognition memory, postsynaptic function, and synap-
tic plasticity. These findings validate O. degus as a suitable natural
model for studying how sporadic AD may be initiated.

memory dysfunction | neural plasticity | aging | T-maze | hippocampus

Izheimer’s disease (AD) is an age-related nenrodegenerative

disorder characterized by the accumulation of abnormally
processed proteins in neurofibrillary tangles (NFTs) and senile
plagues (1). These lesions are present in both familial and spo-
radic forms of AD. Familial AD is linked to inherited mutations
in AD-related genes and represents a small percentage of AD
cases, whereas sporadic AD represents the vast majority of cases
and is not inherited. Results from transgenic mice bearing mu-
tations in APP, PSENI1/2, and TAU show synaptic dysfunction in
early stages of AD, before overt neurodegeneration (2, 3). More
recent studies have demonstrated a critical role for soluble A
oligomers as an early trigger for AD, as well as associations with
memory and neural plasticity loss (4-8).

Although transgenic mice have been extremely useful in elu-
cidating the pathological mechanisms of AD, they have some
substantial limitations. Examples include the absence of tau
mutations linked to AD except for a triple transgenic mouse
3xTg-AD, bearing mutations for APP, PSENT/2, and TAU (9);
inability to develop the whole spectrum of the disease; over-
expression of transgenes into a nonphysiological scenario; and
the fact that the manipulated genes represent only familial, not
sporadic forms of AD (10, 11). It would be highly desirable to
have a nontransgenic model of AD to complement the existing
models. Several species naturally develop features of AD with
age; however, the usefulness of these species is limited, becanse
none exhibits the full spectrum of AD-related alterations (12-14).
For example, the Af peptide sequences of Cavia porcellus (guinea
pig) and Microcebus murinus are similar to that of human (15, 16),
but the first fails to develop senile plaques and NFTs (15), and

v pnas.orgicgi/dois10.1072/pnas. 1201203108

experiments examining synaptic function and memory have not
been carried out in such models. A promising candidate model
for sporadic AD is the rodent Octodon degus (degus), which
naturally develops the histochemical hallmarks of AD, including
intracellular and extracellnlar accumulation of amyloid plagues,
tan deposition in NFT (17), and hippocampal disconnection and
brain parenchyma pathology (18). Prompted by these preliminary
observations, we examined the neuropathological spectrum of
AD in degus. Here we report that degus exhibits an age-related
accumulation of soluble AP oligomers and tan protein phosphor-
ylation that correlates with cognitive decline in spatial memory
{(T-maze) and object recognition memory (GRM), as well as
synaptic and neural plasticity dysfunction. Based on these find-
ings, we propose that (1) Ap dodecamers (Af*56) may associate
with phosphorylated tan proteins, constituting an early candidate
for the neural toxicity and synaptic dysfunction that occurs be-
fore the appearance of fibrillar forms of A, which are common
to familial and sporadic forms of AD, and (i) degus is a snitable
nontransgenic model of sporadic AD.

Results

We evaluated the degree of neuropathology at the behavioral,
synaptic, and molecular levels in degus at different ages. This
approach allowed us to establish interpretative correlations to
identify those animals suffering from AD (Table S1).

Age-Related Cognitive Decline with Aging in 0. degus. We first
evalnated memory capacity with ORM and T-maze tests in 6-,
12-, 36-, and 60-mo-old degus. The results showed no significant
difference between 6- and 12-mo-old degus and between 36- and
60-mo-old degus, and thus we classified the animals as either
young (6 and 12 mo-old) or aged (36 and 60 mo-old) (Fig. 1 B
and D). In the T-maze, the aged degus had poorer performance
than the young degus (Fig. 1 4 and B; P < 0.0001, ANGVA).
On the ORM test, the aged degns explored less (total time and
number of visits) and had longer latency than the younger degus
(Table S2). Moreover, unlike young degus, aged degus did not
demonstrate a preference between new objects and familiar objects
(Fig. 1 C and D; P < 0.0001, ¢ test). In general, we observed an
age-dependent decline in memory performance beginning at
36 mo-old and persisting through 60 mo-old (Fig. 1B).
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SUMMARY
Teleost fish lack independent olfactory organs for odorant and pheromone detection. Instead, they have a single sensory
epithelium with two populations of receptor neurons, ciliated and microvillous, that are conserved among vertebrates, and a
unique receptor cell type named the olfactory crypt cell. Crypt cells were shown to be chemosensory neurons that project to
specific areas in the olfactory bulb, but their odorant tuning and overall function remain unclear. Reproduction in fish is generally
synchronized by sex pheromonal signaling between males and females, but the sensors responsible for pheromone detection
remain unknown. In crucian carp, a seasonal variation in the population of olfactory crypt cells and their brain projections
pathways, involved in reproduction, led to the hypothesis of a role as sex pheromone detectors. In the present study, morphology
and localization of olfactory crypt cells were compared between juvenile and mature rainbow trout of both sexes, and calcium
imaging was used to visualize responses of crypt cells from the three groups to common social and food-related odorants, sex
hormones and conspecific tissue extracts. Crypt cells from mature trout were found to be larger than those of juvenile specimens,
and preferentially localized to the apical surface of the olfactory epithelium. Although a fraction of crypt cells of all groups
responded to common odorants such as amino acids and bile salts, cells from mature trout showed a characteristic preference
for gonadal extracts and hormones from the opposite sex. These results support an involvement of olfactory crypt cells in

reproduction-related olfactory signaling in fishes.

Supplementary material available online at http://jeb.biologists.org/cgi/content/full/215/10/1740/DC1

Key words: olfaction, teleost, pheromone, salmonid, chemical sense.

INTRODUCTION

The olfactory crypt cell was first identified and named in an
ultrastructural study of teleost fishes (Hansen et al., 1997). Crypt
cells were found in several common fishes, including zebrafish,
catfish and goldfish, but they are apparently absent from other
species, including two types of lungfishes (Hansen and Finger, 2000,
Hansen et al., 1999). Their presence in salmonids was first
demonstrated by Sandahl and co-workers (Sandahl et al., 2006).
Subsequent immunohistochemical studies reported the presence of
crypt-cell-like cells in the olfactory epithelium of cartilaginous fish,
the elasmobranch Scyliorhinus canicula and the skate Raju clavata
(Ferrando et al., 2006; Ferrando et al., 2007; Ferrando et al., 2010},
suggesting that the evolutionary emergence of olfactory crypt cells
represents an ancient feature in vertebrate development.
Interestingly, thus far crypt cells have been found solely in fishes,
as opposed to amphibians or other aquatic animals, suggesting that
they are an exclusive attribute of this large and diverse animal group.

Olfactory crypt cells are oval to egg-shaped neurons that are
completely surrounded by one or two supporting cells. The
association of the crypt cell with its supporting cell(s) is sufficiently
strong to withstand mechanical tissue dissociation, and the two cell
types are physiologically coupled by gap junctions
(Schmachtenberg, 2006). An apical invagination of up to 5 pm depth
is the principal characteristic of the neuron. This invagination is
bordered by microvilli from the crypt cell and its supporting cell(s),
and usually contains both short cilia and microvilli in its inner part.
Crypt cells are dispersed in the olfactory epithelium, and are rare

compared with ciliated and microvillous olfactory receptor neurons
(Hansen and Finger, 2000; Schmachtenberg, 2006).

To date, little is known about the molecular properties of crypt
cells. Immunohistochemical studies in different species suggest that
olfactory crypt cells express the G-proteins Ger, and Goy, as well
as adenylate cyclase type-111 and the glial marker protein S-100,
but these proteins may not be expressed in all crypt cells, and are
not exclusive markers of this receptor neuron type (Belanger et al.,
2003; Germana etal., 2004; Hansen et al., 2004; Hansen et al., 2003;
Vielma etal., 2008). An interesting recent study in zebrafish showed
that nearly all crypt cells express ora4, a single member of the VIR
receptor-like ora genes, and the G-protein Giy, (Oka et al., 2012;
see also Saraiva and Korsching, 2007). However, the physiological
implications of this intriguing finding remain unclear.

Crypt cells were shown to project their thin unmyelinated axons
to small, restricted patches of the ventral olfactory bulb in catfish
(Hansen etal., 2003) and crucian carp (Hamdani and Deving, 2006).
The latter study also reported that second-order olfactory bulb
neurons, which make synaptic contacts with crypt cells, project to
the olfactory cortex primarily through the lateral bundle of the medial
olfactory tract, which conveys olfactory information related to
reproduction in crucian carp (Hamdani and Deving, 2006; Hamdani
and Deving, 2007; Weltzien et al., 2003). Similarly, the medial
olfactory tract of male goldfish responds to sex hormones released
by females of this species, coordinating spawning between both
sexes (Sorensen et al., 1991). Further studies in crucian carp reported
a striking dependence of crypt cell density and apical localization
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Hetiehareal nels and face the external milieu. Connexin (and likely pannexin) hemichannel perme-

FGF-1 ability is consistent with that of the cell-cell channels and open hemichannels can be a
release site for relatively large molecules such as ATP and glutamate, which can serve as

Astrocyte
Microglia transmitters between cells. Here we describe three experimental paradigms in which
Inflammation connexin and pannexin hemichannel signaling occurs. (1) In cultures of spinal astrocytes

FGF-1 causes the release of ATP, and ATP causes opening of pannexin hemichannels, which
then release further ATP. Subsequently, several hours later, connexin hemichannels are
also opened by an unknown mechanism. Release of ATP appears to become self sustaining
through action of P2X7 receptors to open pannexin hemichannels and then connexin
hemichannels, both of which are ATP permeable. (2) Spinal cord injury by dropping a small
weight on the exposed cord is followed by release of ATP in the region surrounding the
primary lesion. This release is greatly reduced in a mouse in which Cx43 is knocked down
in the astrocytes. Application of FGF-1 causes a similar release of ATP in the uninjured
spinal cord, and an inhibitor of the FGF-1 receptor, PD173074, inhibits both FGF-1 and
injury-induced release. Reduction in ATP release is associated with reduced inflammation
and less secondary expansion of the lesion. (3) Cortical astrocytes in culture are
permeabilized by hypoxia, and this effect is increased by high or zero glucose. The
mechanism of permeabilization is opening of Cx43 hemichannels, which can lead to cell

Neuronal death
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Pannexon
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Recent rodent models for Alzheimer’s disease:
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Abstract Alzheimer’s disease (AD) is the most common
origin of dementia in the elderly. Although the cause of AD
remains unknown, several factors have been identified that
appear to play a critical role in the development of this
debilitating disorder. In particular, amyloid precursor pro-
tein (APP), tau hyperphosphorylation, and the secretase
enzymes, have become the focal point of recent research.
Over the last two decades, several transgenic and non-
transgenic animal models have been developed to elucidate
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the mechanistic aspects of AD and to validate potential
therapeutic targets. Transgenic rodent models over-
expressing human f-amyloid precursor protein (f-APP)
and mutant forms of tau have become precious tools to
stady and understand the pathogenesis of AD at the
molecular, cellular and behavioural levels, and to test new
therapeutic agents. Nevertheless, none of the transgenic
models of AD recapitulate fully all of the pathological
features of the disease. Octodon degu, a South American
rodent has been recently found to spontaneously develop
neuropathological signs of AD in old age. This review aims
to address the limitations and clinical relevance of trans-
genic rodent models in AD, and to highlight the potential
for O. degu as a natural model for the study of AD
neuropathology.

Keywords Alzheimer’s disease - Animal models -
Octodon degu - Amyloid-f - Tau phosphorylation -
Transgenic models

Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia, characterised by progressive memory loss and
neurodegeneration in the cerebral cortex (Maccioni et al.
2001). The two pathological hallmarks of AD are neuro-
filament tangles (NFT) and neuritic plaques. NFT are
intracellular twisted nerve cell fibers composed of hyper-
phosphorylated tau, a low molecular weight microtubule-
associated protein (Glenner and Wong 1984). The core
component of plaques is f amyloid (Af) (Glenner and
Wong 1984).

Af peptides are typically ~4 kDa f-pleated sheet
peptides with different N- and C-terminal endings that are
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Neurodegenerative disorders constitute a growing concern worldwide. Their incidence
has increased steadily, in particular among the elderly, a high-risk population that is
becoming an important segment of society. Neurodegenerative mechanisms underlie
many ailments such as Parkinson’s disease, Huntington’s disease, Alzheimer’s disease
(AD) and Down syndrome (DS, trisomy 21). Interestingly, there is increasing evidence
suggesting that many such diseases share pathogenic mechanisms at the cellular and
subcellular levels. These include altered protein misfolding, impaired autophagy, mito-
chondrial dysfunction, membrane damage, and altered axonal transport. Regarding AD
and DS, the first common link comes from observations that DS patients undergo AD-
like pathology early in adulthood. Also, the gene encoding for the amyloid precursor
protein is present in human autosome 21 and in murine chromosome 16, an animal model
of DS. Important functions related to preservation of normal neuronal architecture are
impaired in both conditions. In particular, the stable assembly of microtubules, which
is critical for the cytoskeleton, is impaired in AD and DS. In this process, tau protein
plays a pivotal role in controlling microtubule stability. Abnormal tau expression and hy-
perphosphorylation are common features in both conditions, yet the mechanisms leading
to these phenomena remain obscure. In the present report we review possible common
mechanisms that may alter tau expression and function, in particular in relation to the
effect of certain overexpressed DS-related genes, using cellular models of human DS.
The latter contributes to the identification of possible therapeutic targets that could aid
in the treatment of both AD and DS. © 2012 IMSS. Published by Elsevier Inc.

Key Words: Down syndrome, Alzheimer’s disease, Tau protein, Amyloid precursor protein,
Dyrkl A, Recan.

Introduction mechanisms that underlie severe diseases such as amyotro-
phic lateral sclerosis (ALS), Alzheimer’s disease (AD) and
Down syndrome (DS). A critical process in such functions
depends on the correct, stable assembly of microtubules
where tau protein, a microtubule-associated protein
(MAP) abundantly expressed in axons, plays a critical role.
In the present paper we present evidence of abnormal tau
expression and function as a possible mechanism under-
lying these ailments.

In neurons, the cytoskeleton constitutes a complex,
dynamic and pivotal structure that not only shapes the
neuronal architecture, but also plays an essential role in
different functions and properties of neurons. These include
vesicle transport, transmitter release, neurite elongation,
synapse formation, and cone growth as well as regulation
of plasticity. Thus, malfunction of this important cyto-
skeleton network results in common pathophysiological
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Abstract Precursor cells of skeletal muscles express
connexins 39, 43 and 45 and pannexinl. In these cells,
most connexins form two types of membrane channels, gap
junction channels and hemichannels, whereas pannexinl
forms only hemichannels. All these channels are low-
resistance pathways permeable to ions and small molecules
that coordinate developmental events. During late stages of
skeletal muscle differentiation, myofibers become inner-
vated and stop expressing connexins but still express
pannexinl hemichannels that are potential pathways for the
ATP release required for potentiation of the contraction
response. Adult injured muscles undergo regeneration, and
connexins are reexpressed and form membrane channels.
In vivo, connexin reexpression occurs in undifferentiated
cells that form new myofibers, favoring the healing process
of injured muscle. However, differentiated myofibers
maintained in culture for 48 h or treated with proinflam-
matory cytokines for less than 3 h also reexpress connexins
and only form functional hemichannels at the cell surface.
We propose that opening of these hemichannels contributes
to drastic changes in electrochemical gradients, including
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reduction of membrane potential, increases in intracellular
free Ca®* concentration and release of diverse metabolites
(e.g., NAD" and ATP) to the extracellular milieu, con-
tributing to multiple metabolic and physiologic alterations
that characterize muscles undergoing atrophy in several
acquired and genetic human diseases. Consequently, inhi-
bition of connexin hemichannels expressed by injured or
denervated skeletal muscles might reduce or prevent del-
eterious changes triggered by conditions that promote
muscle atrophy.

Keywords Gap junction - Cell—cell channel -
Physiology of calcium channels in muscle -
Pharmacology of muscle diseases

Connexin- and Pannexin-Based Channels

Connexins (Cxs) and pannexins (Panxs) constitute two
families of integral membrane proteins that, in mammals,
are composed of about 20 and 3 members, respectively. In
most cells studied thus far, the pattern of Cx expression
varies according to the species, cell type and physiological
state (Gorbe et al. 2005; Rackauskas et al. 2010; Bedner
et al. 2011). Similarly, Panxs are expressed in many dif-
ferent cell types, but Panx2 has been detected preferentially
in the nervous system of vertebrate animals (Bruzzone
et al. 2003; Li et al. 2011; Ray et al. 2006).

Since several investigators have been unable to find
evidence of gap junctions formed by Panxs, it was recently
proposed that Panxs only form hemichannels (HCs); thus,
it was recommended to call them Panx channels (Sosinsky
et al. 2011). However, Panx gap junction channels (GJCs)
have been observed in exogenous expression systems,
including Xenopus oocytes and mammalian cells, as well as
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Chapter 1

Spike Train Statistics From Empirical Facts To
Theory: The Case Of The Retina.

Bruno Cessac and Adrian Palacios

Abstract This chapter focuses on methods from statistical physics and probability theory allowing the
analysis of spike trains in neural networks. Taking as an example the retina we present recent works
attempting to understand how retina ganglion cells encode the information transmitted to the visual
cortex via the optical nerve, by analyzing their spike train statistics. We compare the maximal entropy
models used in the literature of retina spike train analysis to rigorous results establishing the exact form
of spike train statistics in conductance-based Integrate-and-Fire neural networks.

This chapter is done in the spirit of the course ”Neuronal dynamics”, given at the Master of Com-
putational Biology, University of Nice, aiming at showing how a specific problem in neuroscience can be
addressed on theoretical grounds, and how it can be related to experimental methods and results. As a
consequence, this chapter contains both recent biological results and mathematical developments.

1.1 Introduction

Given a stimulus from the external world (visual scene, sound, smell, .. .) biological sensors at the periph-
ery of the nervous system are able to transduce the physical manifestations of this stimulus (light emission,
air pressure variations, chemical concentrations) into sequences of action potentials (spike trains), which
propagate through the nervous system. Then, the brain is able to analyze those spike trains and infer
crucial information on the nature of the stimulus. Critical - yet unsolved - questions in neuroscience are
How is the physical signal encoded by the nervous system ? How does the brain analyze the spike trains ?
What are the underlying computational coding principles ? At the current stage of scientific knowledge,
answering those questions is still a challenge for biology and computational neuroscience.

Among sensory systems the retina provides functionality such as detection of movement, orientation,
temporal and spatial prediction, response to flash omissions and contrast, that were up to recently viewed
as the exclusive duty of higher brain centers [22]. The retina is an accessible part of the brain [13] and
a prominent system to study the neurobiology and the underlying computational capacity of the neural
coding. As a matter of fact, there is currently a wide research activity in understanding how the retina
encodes visual information. However, basic questions are still open, such as: Are the ganglion cells (which
send spikes from the eyes to the brain via the optical nerve), independent signal-encoders or are neural
correlations important for coding a visual scene, and how to interpret them ?

B. Cessac
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Calcium- and voltage-activated potassium channels (BK) are regu-
lated by a multiplidty of signals. The prevailing view is that different
BK gating mechanisms converge to determine channel opening and
that these gating mechanisms are allosterically coupled. In most
instances the pore forming o subunit of BK is associated with one of
four alternative § subunits that appear to target specific gating
mechanisms to regulate the channel activity. In particular, 1 sta-
bilizes the active configuration of the BK voltage sensor having
a large effect on BK Ca®* sensitivity. To determine the extent to
which f# subunits regulate the BK voltage sensor, we measured
gating currents induced by the pore-forming BK « subunit alone
and with the different f subunits expressed in Xenopus oocytes
(B1, p2IR, p3b, and f4). We found that 1, 2, and p4 stabilize the
BK voltage sensor in the active conformation. {3 has no effect on
voltage sensor equilibrium. In addition, 4 decreases the apparent
number of charges per voltage sensor. The decrease in the charge
associated with the voltage sensor in « 4 channels explains most
of their biophysical properties. For channels composed of the «
subunit alone, gating charge increases slowly with pulse duration
as expected if a significant fraction of this charge develops with
a time course comparable to that of K* current activation. In the
presence of 1, f2, and {34 this slow component develops in ad-
vance of and much more rapidly than ion current activation, sug-
gesting that BK channel opening proceeds in two steps.

kinetic model | modulatory beta subunits

The open probability of large conductance Ca®*- and voltage-
activated K* (BK) channels increases when confronted with
a membrane depolarization or an increase in the intracellular Ca®*
concentration (1-3). The BK pore-forming a subunit is coded by
a single gene (Slol; KCNMAI) and yet, it displays a variety of
phenotypes in different cells and tissnes as a consequence of
alternative splicing, metabolic regulation, and modulation by
B subunits. This great diversity of BK channels is fundamental to
the adequate function of many tissnes. In particular, f subunits
are associated with BK channels in most tissues where they are
present and dramatically modify their gating properties (4).

At present, four p subunits have been cloned in mammals (1-
f4) (4-10). BK p subunits have two transmembrane segments
joined together by a loop (~148-aa residues). The external loop,
and N and C termini are intracellular. Sequence similarities are
major between PI-p2 and P2-p3, respectively. p4 is the most
distantly related of all p subunits. f1 and p2 subunits induce an
increase of the apparent Ca®" sensitivity and a slowing of the
macroscopic kinetics (4, 7, 8). p2 also induces fast and complete
inactivation (6, 10, 11) and an instantaneous outward rectifica-
tion that suggests that the 2 external loop approaches the BK
pore as to alter ion conduction (12). Four splice variants of 3
have been identified, p3a—c. p3b induces fast and partial in-
activation of BK currents and also produces an outward rectifi-
cation of the open channel currents (10, 13). Outward
rectification is regulated by the extracellular segment of this
subunit (14). f4 has a complex Ca®* concentration-dependent
effect on BK channel gating. This subunit decreases apparent Ca>*
sensitivity at low Ca®" concentrations but induces an increase in
the apparent sensitivity at high Ca®* concentrations (8, 14-18).
4 also slows down activation and deactivation kinetics (7, 8).

WA pnas.orgicgi/doif10.1073/pnas. 1216353109

Despite the fact that the BK phenotype produced by each of
the f subunits has been well characterized, controversies exist
regarding the biophysical mechanisms by means of which these
auxiliary subunits modify BK channel gating (19-23). Since the
finding of Bao and Cox (19) that the main effect of the Pl sub-
unit Is to alter the equilibrium between the resting and active
configurations of the voltage sensor, several important questions
remain to be answered: To what extent do p2 and p4 alter BK
channel voltage sensing? Does the slow component of the OFF
gating charge detected by Horrigan et al. (24) in channels formed
by the « subunit alone parallel the slowing down in the Fx acti-
vation induced by 1, p2, and p4 as predicted by the two-tiered
allosteric model? To assay potential effects of the p subunits on
the workings of the voltage sensor, we measured gating currents
{Z,) induced by channels formed by the pore-forming BK «
subunit alone and with the different p subunits expressed on
Xenopus oocytes (B, p2IR, p3b, and p4).

Results

Characterization of BK Gating Currents in the Presence of § Subunits.
We first measured the macroscopic K* currents (fg) in the cell-
attached configuration to confirm that BK channels were formed
by the expected « or o/f complex (Fig. S1). In cell-attached
configuration the large size of the ionic currents prevented ad-
equate voltage clamp. Therefore, we lowered K* to record cur-
rent in symmetrical 1-mM K* (Fig. 1, Left) in excised patches.
Notice in Fig. 1 B, C, and E that the time course of the K* currents
of channels formed by o/f1, «/p2, and «/p4 were much slower than
the ones of channels formed by the o subunit alone (Fig. 14). The
slowing of the K* current by coexpression of the these p subunits
is one of the hallmarks of the phenotype of channels formed by
o/fx (v = 1,2,4). For 3, («/p3) BK channels were identified by a
small, fast, and incomplete inactivation process (Fig. 1D).

After patch excision, I, currents were measured In conditions
of 0 K* and 0 Ca?* by profusely perfusing the internal side of the
macropatch with a K™-free solution (Fig. 1, Right). Gating current
recordings reveal fast time courses with time constants, which
were not very different between the different subunit combina-
tions. In addition, the gating currents develop fully before channel
opening (e.g., Fig. §1). These resunlts show that in BK channels
voltage sensor activation occurs before channel opening, as pre-
viously reported for the cases of a and o/f1 BK channels (19, 25,
26). In other words, in the absence of Ca®*, BK gating charge
movement takes place between several closed states.

Families of J; as those shown in Fig. 1, Right evoked at dif-
ferent voltages (—90 to 350 mV) were integrated between the
beginning and the end of the pulse to obtain the gating charge
activation relationships, Oon-V and Qope—V. For all of the dif-
ferent types of channels tested and for voltage pulses of 1 ms in
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Hypothyroidism in the Adult Rat Causes
Incremental Changes in Brain-Derived Neurotrophic Factor,
Neuronal and Astrocyte Apoptosis, Gliosis,
and Deterioration of Postsynaptic Density

Claudia Cortés,' Eliseo Eugenin ? Esteban Aliaga,® Leandro J. Carrefio,* Susan M. Bueno,* Pablo A. Gonzalez,*
Silvina Gayol.® David Naranjo,® Verénica Noches,' Michelle P. Marassi ® Doris Rosenthal ® Cindy Jadue!
Paula Ibarra, Cecilia Keitel,” Nelson Wohllk,”® Felipe Court? Alexis M. Kalergis,*'® and Claudia A. Riedel

Background: Adult hypothyroidism is a highly prevalent condition that impairs processes, such as learning and
memory. Even though tetra-iodothyronine (T,) treatment can overcome the hypothyroidism in the majority of
cases, it cannot fully recover the patient’s learning capacity and memory. In this work, we analyzed the cellular
and molecular changes in the adult brain occurring with the development of experimental hypothyroidism.
Methods: Adult male Sprague-Dawley rats were treated with 6-propyl-2-thiouracil (PTU) for 20 days to induce
hypothyroidism. Neuronal and astrocyte apoptosis were analyzed in the hippocampus of control and hypo-
thyroid adult rats by confocal microscopy. The content of brain-derived neurotrophic factor (BDNF) was analyzed
using enzyme-linked immunosorbent assay (ELISA) and in situ hybridization. The glutamatergic synapse and the
postsynaptic density (PSD) were analyzed by electron microscopy. The content of PSD proteins like tyrosine
receptor kinase B (TrkB), p75, and N-methyl-p-aspartate receptor (NMDAr) were analyzed by immunoblot.
Results: We observed that the hippocampus of hypothyroid adult rats displayed increased apoptosis levels in neurons
and astrocyte and reactive gliosis compared with controls. Moreover, we found that the amount of BDNF mRNA was
higher in the hippocampus of hypothyroid rats and the content of TrkB, the receptor for BDNF, was reduced at the
PSD of the CA3 region of hypothyroid rats, compared with controls. We also observed that the glutamatergic synapses
from the stratum radiatum of CA3 from hypothyroid rats, contained thinner PSDs than control rats. This observation
was in agreement with a reduced content of NMDATr subunits at the PSD in hypothyroid animals.

Conclusions: Our data suggest that adult hypothyroidism affects the hippocampus by a mechanism that alters the
composition of PSD, reduces neuronal and astrocyte survival, and alters the content of the signaling neurotrophic
factors, such as BDNF.

Introduction prevalent worldwide and is characterized by low plasma
levels of Ty and high plasma levels of thyroid stimulating

THYROID HORMONES TRI-IODOTHYRONINE (T3) and tetra- hormone (TSH). Hypothyroidism in the adult reduces
iodothyronine (Ty) are essential for appropriate brain cell metabolism in almost all tissues of the body (6). At the
development and function (1-5). Hypothyroidism is highly =~ brain level, adult hypothyroid patients show cognitive
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ABSTRACT

Aging of long-lived post-mitotic cells is character-
ized as a progressive and irreversible reduction of
functional activity. In such cells, mitochondria are
organelles critical for bioenergetic supply, whose
turnover is mediated by an autophagic-lysosomal
pathway. In human teeth, odontoblasts are post-
mitotic cells responsible for sensory function and
dentin preservation. Here, human odontoblasts
were processed for immunohistochemistry with
antibodies against mitochondrial (MTCO2) and
lysosomal (LAMP2) markers, and comparatively
analyzed in two age groups (young-adult and
adult) with light and electron microscopy. Selective
engulfiment of mitochondrial profiles into autopha-
gic vacuoles is common in young-adult odonto-
blasts, suggesting a microautophagic pathway.
With age, the odontoblast layer is reduced in
width, and mitochondrial elements converge
around large clusters of autofluorescent lipofuscin
deposits. Age-related changes in odontoblasts are
observed as a long-term process in which the pro-
gressive accumulation of intralysosomal debris
limits the autophagic turnover of mitochondrial
components, causing an eventual decline in physi-
ological cell functions, which leads to increased
vulnerability under stress conditions.

KEY WORDS: microautophagy, dentin, human
teeth, dental pulp, mitophagy, mitochondria.
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Mitochondrial Autophagy and
Lipofuscin Accumulation in Aging
Odontoblasts

INTRODUCTION

Dentin tissue developed as a complex mechano- and thermosensory system
early in vertebrate evolution (Smith and Sansom, 2000; Farahani ef al.,
2011). The cell responsible for dentin formation and maintenance is the odon-
toblast, a long-lived post-mitotic cell like neurons or cardiomyocytes (Terman
et al., 2010). Odontoblasts are thought to participate in sensory transduction
and transmit the fluid movements caused by mechano- and thermosensory stim-
uli within the dentin sensory system to nerve endings of the Raschkow plexus
(Byers, 1984; Brannstrom, 1986). However, the precise role of odontoblasts in
dentin sensory function remains unresolved (Son ef al., 2009; Magloire ef al.,
2010; El Karim ef al., 2011). In healthy human teeth, the prolonged existence of
odontoblasts is dependent on organelle tumover by autophagy and is associated
with an age-related decrease of dentin secretory activity (Murray ef al., 2002;
Couve and Schmachtenberg, 2011), but the molecular and cell physiological
changes underlying this process are poorly understood.

The aging process of post-mitotic cells is generally accompanied by a
diminished activity of the autophagic-lysosomal pathway, decreasing organ-
elle turnover (Cuervo and Dice, 2000; Cuervo ef al., 2005). In human odon-
toblasts, the aging process was shown to consist of a reduction of cell size,
and a slow but progressive accumulation of undegradable lipofuscin deposits
with time (Couve and Schmachtenberg, 2011). These changes are thought to
decrease dentin formation, reduce functional responses to exogenous stimuli
like caries, and altogether increase the probability of cell death (Bjorndal and
Darvann, 1999; Murray et al., 2002; Mitsiadis ef al., 2008). Mitochondria and
lysosomes have been described as the main organelles relevant to age-related
changes in post-mitotic cells, and the constitutive turnover of mitochondrial
components by autophagy implies the irreversible accumulation of undegrad-
able lipofuscin deposits in autophagic vacuoles (Brunk and Terman, 2002b;
Terman et al., 2010).

During the past decade, it has become increasingly clear that mitochondria
are not isolated functional compartments; instead, they form an intricate and
dynamic functional network in most eukaryotic cells (Benard and Rossignol,
2008). Mitochondrial dynamics have an important impact on cellular physiol-
ogy, homeostasis, and bioenergetics and may be especially important in long-
lived post-mitotic cells due to an elevated oxygen demand (Benard ef al,
2007). The maintenance of a bioenergetically efficient mitochondrial system
depends on the autophagy of selective organelle domains to ensure the clear-
ance of dysfunctional components, allowing for an adequate energy metabo-
lism and cell survival (Terman ef al., 2010).

Autophagy is a ubiquitous degradative process that is regulated through a
lysosomal pathway (Klionsky and Emr, 2000; Levine and Yuan, 2005; Eskelinen
and Saftig, 2009) and is strongly implicated within cellular survival mecha-
nisms and aging processes (Cuervo et al., 2005; Lemasters, 2005; Terman e al.,
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Splicing of the rSlo Gene Affects the Molecular
Composition and Drug Response of Ca**-Activated K*

Channels in Skeletal Muscle

Maria Maddalena Dinardo'®, Giulia Camerino'®, Antonietta Mele', Ramon Latorre?, Diana Conte

Camerino', Domenico Tricarico’

1 Departments of Pharmacobiology, Faculty of Pharmacy, University of Bari, Bari, Italy, 2 Centro Interdisciplinario de Neurociencias de Valparaiso, Facultad de Ciencias,

Universidad de Valparaiso, Valparaiso, Chile

Abstract

The molecular composition and drug responses of calcium-activated K" (BK) channels of skeletal muscle are unknown.
Patch-clamp experiments combined with transcript scanning of the Kcnmal gene encoding the alpha subunit of the BK
channel were performed in rat slow-twitch soleus (Sol) and fast-twitch flexor digitorum brevis (FDB) skeletal muscles. Five
splicing products of the Kcnma1l gene were isolated from Sol and FDB: the e17, e22, +29 aa, Slo27 and Slo0 variants. RT-PCR
analysis demonstrated that the expression of 22 and Slo0 were 80-90% higher in FDB than Sol, whereas the expression of
Slo27 was 60% higher in Sol than FDB, and the +29 aa variant was equally expressed in both muscle types. No beta 1-4
subunits were detected. In Sol, a large BK current with low Ca®* sensitivity was recorded. The BK channel of Sol also showed
a reduced response to BK channel openers, such as NS1619, acetazolamide and related drugs. In FDB, a reduced BK current
with high Ca”" sensitivity and an enhanced drug response was recorded. The total BK RNA content, which was 200% higher
in Sol than in FDB, correlated with the BK currents in both muscles. Drug responses primarily correlated with e22 and Slo0
expression levels in FDB and to Slo27 expression in Sol muscle. In conclusion, phenotype-dependent BK channel biophysical
and pharmacological properties correlated with the expression levels of the variants in muscles. These findings may be
relevant to conditions affecting postural muscles, such as prolonged bed-rest, and to diseases affecting fast-twitch muscles,
such as periodic paralysis. Down-regulation or up-regulation of the variants associated with pathological conditions may
affect channel composition and drug responses.
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Introduction

Ca®**-activated K* channels (BK), which are present in virtually
every cell, couple chemical signaling to electrical signaling [1 2].
All BK channels are activated by increases in the concentration of
intracellular Ca®* ions, and many can be modulated by other
messengers, such as protein kinases, phosphatases, and G proteins
[3 8]. By damping excitatory stimuli mediated by the entry and/
or the release of Ca** from internal stores, BK channels control
diverse physiological processes, including the regulation of
vascular tone [9 12], neuronal excitability [13 14], neurotrans-
mitter release [15 16], endocrine function [17 19], innate
immunity [20], and hearing [21 22].

BK channels in native tissues exhibit a physiclogically diverse
array of phenotypes. At least three major post-transcriptional
mechanisms are involved in generating such functional diversity:
the alternative pre-mRNA splicing of the BK channel pore-
forming alpha-subunit; the assembly of alpha-subunits with a
family of modulatory beta-subunits; and metabolic regulation (e.g.,
phosphorylation). A BK channel assembles as tetramers of the

PLoS ONE | www.plosone.org

pore-forming alpha -subunit and is encoded by a single gene
(Kcnmal) [23].

Electrophysiological recordings in native cells have revealed
Slol channels with different calcium sensitivities. However, the
Slol channel is encoded by a single gene in mammals. This
channel diversity is possibly due to the alternative processing of
introns, which produce at least 11 splice variants expressed in
different tissues and cell types [24]. This feature is evolutionarily
conserved and is observed in mammals, reptiles, birds and
insects [23 31]. When expressed in heterologous expression
systems, channels formed by these splice variants present
different calcium sensitivities and gating kinetics, resembling
those found in native cells. Alternative splicing is responsible in
part for the great variety of calcium sensitivities among Slol
channels. Several of these splice variants are produced by
“Iinsertions” at the C-terminus, and one of the most studied
variants is expressed under the activation of the hypothalamic-
pituitary-adrenal axis (HP) [32 33]. Two splice variants produce
dominant-negative subunits, which retain the channel in
subcellular compartments [34 35]. One of these variants

July 2012 | Volume 7 | Issue 7 | e40235
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The Role of Gap Junction Channels During Physiologic
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Abstract Gap junctions (GJs) are expressed in most cell
types of the nervous system, including neuronal stem cells,
neurons, astrocytes, oligodendrocytes, cells of the blood brain
barrier (endothelial cells and astrocytes) and under inflamma-
tory conditions in microglia/macrophages. GJs connect cells
by the docking of two hemichannels, one from each cell with
each hemichannel being formed by 6 proteins named connex-
ins (Cx). Unapposed hemichannels (uHC) also can be open on
the surface of the cells allowing the release of different intra-
cellular factors to the extracellular space. GJs provide a mech-
anism of cell-to-cell communication between adjacent cells
that enables the direct exchange of intracellular messengers,

Electronic supplementary material The online version of this article
(doi:10.1007/s11481-012-9352-5) contains supplementary material,
which is available to authorized users.
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such as calcium, nucleotides, IPs, and diverse metabolites, as
well as electrical signals that ultimately coordinate tissue
homeostasis, proliferation, differentiation, metabolism, cell
survival and death. Despite their essential functions in phys-
iological conditions, relatively little is known about the role of
GJs and uHC in human diseases, especially within the nervous
system. The focus of this review is to summarize recent
findings related to the role of GJs and uHC in physiologic
and pathologic conditions of the central nervous system.
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Background: Indirect evidence suggests that
connexin hemichannels are permeable to Ca**, but
direct demonstration is lacking.

Results:  Calcium moves into liposomes
containing purified Cx26 in response to a
concentration gradient.

Coznclusion: Cx26 hemichannels are permeable to
Ca™,

Significance: Cx26 hemichannels may play a role
in Ca™" influx into cells under conditions that lead
to hemichannel activation, such as ischemic
damage.

Gap-junction channels communicate the
cytoplasms of two cells and are formed by
head-to-head association of two hemichannels,
one from each of the cells. Gap-junction
channels and hemichannels are permeable to
ions and hydrophilic molecules of up to Mr
1,000, including second messengers and
metabolites. Intercellular Ca> signaling can
occur by movement of a number of second
messengers, including Ca’*, through GJCs, or

by a paracrine pathway that involves
activation of purinergic receptors in
neighboring cells following ATP release

through hemichannels. Understanding Ca™*
permeation through Cx26 hemichannels is
important to assess the role of gap-junction
channels and hemichannels in health and
disease. In this context, it is possible that
increased Ca’" influx through hemichannels

1

under ischemic conditions contributes to cell
damage. Previous studies suggest Ca®'
permeation through hemichannels, based on
indirect arguments. Here, we demonstrate for
the first time hemichannel permeability to Ca**
by measuring Ca*>* transport through purified
Cx26 hemichannels reconstituted in liposomes.
We trapped the low-affinity Ca’'-sensitive
fluorescent probe Fluo-SN into the liposomes
and followed the increases in intraliposomal
[Ca®] in response to an imposed [Ca’']
gradient. We show that Ca® does move
through Cx26 hemichannels, and that the
permeability of the hemichannels to Ca™ is
high, similar to that for Na". We suggest that
HCs can be a significant pathway for Ca’™*
influx into cells under conditions such as
ischemia.

Gap-junction channels (GJCs)! are aqueous
channels that communicate the cytoplasms of
adjacent cells (1-3). They are formed by head-to-
head association of hemichannels (HCs, connexin
hexamers, connexons), one from each of the
neighboring cells, that are permeable to ions and
hydrophilic molecules of up to A/ 1,000 (1-3).

In addition to their known permeability to
inorganic monovalent ions, it is well established
that the GJC and HC pores are sufficiently large
to allow permeation of many larger compounds
including cAMP, cGMP, IP;, ATP and glucose, as
well as Ca’™ (4-8). GICs and HCs display

Copyright 2012 by The American Society for Biochemistry and Molecular Biology, Inc.
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K™ Channels: Function-Structural Overview
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ABSTRACT

Potassium channels are particularly important in determining the shape and duration of the
action potential, controlling the membrane potential, modulating hormone secretion, epithelial
function and, in the case of those K* channels activated by Ca?*, damping excitatory signals.
The multiplicity of roles played by K* channels is only possible to their mammoth diversity that
includes at present 70 K* channels encoding genes in mammals. Today, thanks to the use of
cloning, mutagenesis, and the more recent structural studies using x-ray crystallography, we are
in a unique position to understand the origins of the enormous diversity of this superfamily of ion
channels, the roles they play in different cell types, and the relations that exist between structure
and function. With the exception of two-pore K channels that are dimers, voltage-dependent K
channels are tetrameric assemblies and share an extremely well conserved pore region, in which
the ion-selectivity filter resides. In the present overview, we discuss in the function, localization,
and the relations between function and structure of the five different subfamilies of K* channels:
(a) inward rectifiers, Kir; (b) four fransmembrane segments-2 pores, Kop; (c) voltage-gated, Kv;
(d) the Slo family; and (e) Ca?*-activated SK family, SKCa. © 2012 American Physiological

VE

Y

Society. Compr Physiol 2:2087-2149, 2012.

Introduction

It is most probable that K channels started to evolve from
the moment that life appeared on earth, as the presence of
more than 200 potassium channel-related proteins in archea
and bacteria attest. Once K™ channels were identified in bac-
teria (485), the dream of many biophysicists, to have large
quantities of channel protein to produce crystals amenable
to x-ray analysis, became a reality. This feat was performed
by MacKinnon’s group (115) when they crystallized the K*
channel (KcsA) from the bacterium Streptomyces lividans.
This primitive K channel is a tetramer composed of four
identical subunits consisting in two transmembrane (TM) do-
mains connected by a pore region, in which the ion-selectivity
filter resides. The exquisite K selectivity of this class of ion
channels is conferred by amino acids located in the pore re-
gion, the signature sequence T/SXGXGX (193).

This structure of the pore present in KcsA channels is re-
tained in all the K* channels known to date, including those
present in fungi. protozoans, and metazoans but although the
pore structure did not evolved considerably, other parts of
the channel sequence show considerable structural diversity.
Thus, we have organized the present overview by dividing K*
channels in three structural classes (157, 181,280,377,467,
569) (Fig. 1): (i) the inward rectifier (Kir) family that follows
the same structural pattern of the KcsA channel, their subunits
contain two TM segments flanking the pore-forming domain
and they assemble as tetramers. In mammals, Kir channels
are encoded by 15 different genes grouped into 7 subfamilies,
Kirl.x to Kir7.x and this diversity has been greatly increased
by the identification of 6 alternative splicing isoforms in the

Volume 2, July 2012

case of Kirl.l and the ability of the proteins inside the sub-
families to form heteromultimers (203,436): (ii) the two-pore
four TM segments K* channels (K,p) family, which in con-
trast to the other families we discuss in the present article,
their subunits assemble as dimers. Fifteen different genes of
this family has been found in mammals and surprisingly this
class of channels has 46 genes in the worm Caenorhabdi-
tis elegans; (iii) the six TM (S1-S6) segments K™ channels
with one pore domain (S5-P-S6) that include the subfamily
of voltage-gated channels, Kvl.x to Kv4.x (corresponding
to Shaker, Shab, Shaw, and Shal channels, respectively, in
Drosophila). Consisting of eight different genes the Kv1.x
(Shaker) subfamily is the largest in this structural class of K*
channels. Voltage-dependent K™ channels are characterized
by containing a voltage-sensor domain (VSD: S1-S4) in which
the S4 contains positively charged amino acids that constitute
the voltage-sensing elements. The six TM domains class also
includes the KCNQ (Kv7.x), ether-a-go-go (Kv10.x: gated
by voltage and cyclic nucleotides), erg (Kvl1.x), and elk
(Kv12.2) subfamilies.

Despite the fact that Kv5, Kv6, Kv8. and Kv9 share
the same general structure with other members of the Kv
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Abstract Placed in the cell membrane (a two-dimensional
environment), ion channels and enzymes are able to sense
voltage. How these proteins are able to detect the difference in
the voltage across membranes has attracted much attention,
and at times, heated debate during the last few years. Sodium,
Ca®" and K voltage-dependent channels have a conserved
positively charged transmembrane (S4) segment that moves
in response to changes in membrane voltage. In voltage-
dependent channels, S4 forms part of a domain that crystal-
lizes as a well-defined structure consisting of the first four
transmembrane (S1-S4) segments of the channel-forming
protein, which is defined as the voltage sensor domain
(VSD). The VSD is tied to a pore domain and VSD move-
ments are allosterically coupled to the pore opening to
various degrees, depending on the type of channel. How
many charges are moved during channel activation, how
much they move, and which are the molecular determinants
that mediate the electromechanical coupling between the
VSD and the pore domains are some of the questions that
we discuss here. The VSD can function, however, as a bona
fide proton channel itself, and, furthermore, the VSD can also
be a functional part of a voltage-dependent phosphatase.
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Introduction

The fascinating story of the voltage sensor of voltage-
dependent channels started in 1952, and is summarized in
two visionary sentences appearing in the last paper of the
series by Hodgkin and Huxley (1952) predicting both the
existence of a voltage sensor and the gating currents. The
voltage sensor predicted: “...it seems difficult to escape to
the conclusion that the changes in ionic permeability depend
on the movement of some component of the membrane
which behaves as though it has a large charge or dipole
moment”. The gating charge predicted: “For the movement
of any charged particle in the membrane should contribute
to the total current...”.

It took 21 years to demonstrate the existence of Na®
channel gating currents (Armstrong and Bezanilla 1973;
Keynes and Rojas 1973; Bezanilla 2000), small (~1% of
the ionic currents) transient currents appearing before the
onset of the Na" current. Ten years later, with the introduc-
tion of the molecular biology techniques and the cloning and
characterization of the primary structure and functional ex-
pression of the voltage-dependent Na" channel, we had the
first hint about the structural determinants of the voltage
sensor (Noda et al. 1984, 1986). The sodium channel protein
was found to consist of four domains (I-IV), each contain-
ing six transmembrane (TM) segments (S1-S6). The fourth
TM segment (S4) contains positively charged residues peri-
odically separated by two hydrophobic residues. Numa and
coworkers (Noda et al. 1984) proposed that this structure,
S4, hosts the determinants for voltage-sensitivity and, to-
gether with Stiihmer’s group, gave some of the first electro-
physiological evidence that the positive charges in S4 were
involved in voltage-sensing (Stuhmer et al. 1989)

The actual “molecular biophysics™ of voltage-dependent
ion channels started, however, with the cloning of the

@ Springer
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The pH sensor of the plant K+ -uptake channel KAT1 is built from a sensory
cloud rather than from single key amino acids

Wendy GONZALEZ*T‘-Z, Janin RIEDELSBERGERT1 , Samuel E. MORALES-NAVARRO*, Julio CABALLERO™,
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The uptake of potassium ions (K*) accompanied by an
acidification of the apoplasm is a prerequisite for stomatal
opening. The acidification (approximately 2-2.5 pH units) is
perceived by voltage-gated inward potassium channels (K,)
that then can open their pores with lower energy cost. The
sensory units for extracellular pH in stomatal K;, channels are
proposed to be histidines exposed to the apoplasm. However, in
the Arabidopsis thaliana stomatal K;, channel KAT1, mutations
in the unique histidine exposed to the solvent (His*”) do not
affect the pH dependency. We demonstrate in the present study
that His*” of the KAT1 channel cannot sense pH changes since
the neighbouring residue Phe®® shifts its pK, to undetectable
values through a cation—z interaction. Instead, we show that

Glu*® placed in the extracellular loop between transmembrane
segments S5 and S6 is involved in the extracellular acid activation
mechanism. Based on structural models we propose that this
region may serve as a molecular link between the pH- and the
voltage-sensor. Like Glu*™, several other titratable residues could
contribute to the pH-sensor of KAT1, interact with each other and
even connect such residues far away from the voltage-sensor with
the gating machinery of the channel.

Key words: Arabidopsis thaliana, channel protein structure,
channel protein—proton interaction, KAT1, pH regulation,
potassium chanel.

INTRODUCTION

Stomata are pore structures found in the epidermis of plants.
They optimize the uptake of CO, and loss of water vapour.
Stomatal opening and closure is regulated by the turgor pressure
of two guard cells that surround the stomatal pore [1]. Potassium
(K*) flux across the membrane is fundamental for the turgor-
driven volume changes in guard cells. Specifically, K* uptake
through inwardly rectifying channels (K, channels) is essential
for stomatal opening; a process accompanied by the acidification
of the apoplast [2,3]. K™ uptake depends on H*-ATPase activity
generating a sufficiently hyperpolarized membrane voltage, which
provides an inward-directed electrochemical driving force for K*
and opens the K;, channel gate [4]. K, channels, besides opening
upon hyperpolarization, sense through a protein-intrinsic pH-
sensor the extracellular proton increase generated by H* -ATPases
[2,5.6]. Extracellular protons shift the voltage-dependence of
guard cell K;, channels to more positive voltages and thereby
facilitate K* uptake [7].

Ki, channels display high sequence homology with animal
Shaker channels. Each subunit possesses a six-segment (S1-
S6) membrane-spanning topology. A selectivity filter segment
(comprising the triad of GYG residues) [8], linking the S5 and
S6 segments, forms the outer portion of a pore and confers the
potassium-selectivity characteristics on the channel. Functional
channels comprise four of these subunits, each one containing an
intrinsic voltage sensor, which is composed primarily of charged
amino acid residues of the S2, S3 and S4 segments [9].

Mutational analysis by Hoth et al. [6] allowed relating acid
activation in KST1, a K, channel from Solanum tuberosum
(potato) guard cells, to two extracellular histidines. One histidine

is located within the linker between the transmembrane helices
S3 and S4 (His'®), and the other histidine is three amino acids
outside the selectivity filter triad (His”"). The histidine from
the GYGDXH motif is conserved among K, channels. The
conservation of this amino acid suggests that it represents a
common entity of an extracellular pH-sensor [6] of plant K*-
uptake channels. To test this hypothesis, the guard cell K;, channel
KAT1 from Arabidopsis thaliana was studied with respect to
the structural basis for its acid activation. Surprisingly, the pH-
dependent gating of KAT1 was not affected by mutation of this
highly conserved histidine residue, suggesting that the two guard
cell Kj, channels KAT1 and KST1 have distinct molecular bases
for acid activation [7].

In the present study, we came back to the structural aspects
of extracellular acid activation of KATI. Using site-directed
mutagenesis, electrophysiology, yeast complementation,
molecular simulation and quantum mechanics, we have shown
that a glutamic acid residue (Glu*) is involved in the extracellular
acid activation mechanism. Furthermore, we have shown that
the histidine of the GYGDXH motif cannot work as pH-sensor
in KAT1 because it is interacting with the neighbouring
phenylalanine (X position in the motif). From our combined
results we conclude that the pH-sensor of KAT1 is built from a
sensory cloud connecting different functional parts of the protein
rather than single key amino acids.

EXPERIMENTAL
Molecular genetics and expression

KAT1 mutation, expression and analysis used standard molecular
genetic methods. Site-directed mutations were generated as

Abbreviations used: CHARMM, Chemistry at HARvard Macromolecular Mechanics; HERG, human ether-a-go-go-related gene; K, channel, inwardly

rectifying potassium channel; SCF, self-consistent reaction field.
" These authors contributed equally to this work.

2 Correspondence may be addressed to either of these authors (email wgonzalez@utalca.cl or ingo.dreyer@upm.es).
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Close Association of Olfactory Placode
Precursors and Cranial Neural Crest Cells Does
Not Predestine Cell Mixing

Maegan V. Harden,' Luisa Pereiro,> Mirana Ramialison,®” Jochen Wittbrodt,?
Megana K. Prasad,* Andrew S. McCallion,* and Kathleen E. Whitlock®*

Vertebrate sensory organs originate from both cranial neural crest cells (CNCCs) and placodes. Previously,
we have shown that the olfactory placode (OP) forms from a large field of cells extending caudally to the pre-
migratory neural crest domain, and that OPs form through cell movements and not cell division. Concurrent
with OP formation, CNCCs migrate rostrally to populate the frontal mass. However, little is known about the
interactions between CNCCs and the placodes that form the olfactory sensory system. Previous reports
suggest that the OP can generate cell types more typical of neural crest lineages such as neuroendocrine cells
and glia, thus marking the OP as an unusual sensory placode. One possible explanation for this exception is
that the neural crest origin of glia and neurons has been overlooked due to the intimate association of these
two fields during migration. Using molecular markers and live imaging, we followed the development of OP
precursors and of dorsally migrating CNCCs in zebrafish embryos. We generated a six4b:mCherry line (OP
precursors) that, with a sox10:EGFP line (CNCCs), was used to follow cell migration. Our analyses showed
that CNCCs associate with and eventually surround the forming OP with limited cell mixing occurring
during this process. Developmental Dynamies 241:1143-1154, 2012. o 2012 Wiley Periodicals, Inc.

ynamics

Key words: sox10; dlx3b; sixdb

Key findings:
o The six4b:mCherry line expresses mCherry in the forming olfactory placodes.
e mCherry expressing cells move caudally, away from the anterior midline, to form the olfactory placodes.
o Sox10:GFP positive cranial neural crest cells migrate rostrally to surround the forming olfactory placodes.
e Little cell-mixing is observed during the migation of Sixdb:mCherry and Sox10:GFP expressing cells.
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INTRODUCTION ates (Northcutt and Gans, 1983;

Northeutt, 1996). Neural crest cells

cells (CNCCs) giving rise to cartilage,

The highly specialized structures of
the vertebrate head, including the sen-
sory organs, appeared concurrently
with the neural erest and neurogenic
placodes during the evolution of crani-

are multipotent cells that contribute to
a wide variety of cell types including
neurons, glia, endocrine cells, and me-
lanocytes, with the cranial neural crest

bone, cranial neurons, glia, and con-
nective tissues of the face (Le Douarin
and Kalcheim, 1999). To contribute to
a variety of cell types in the frontal
mass, CNCCs follow defined migratory
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Pull-Push Neuromodulation of LTP and LTD
Enables Bidirectional Experience-Induced
Synaptic Scaling in Visual Cortex
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SUMMARY

Neuromodaulatory input, acting on G protein-coupled
receptors, is essential for the induction of experi-
ence-dependent cortical plasticity. Here we report
that G-coupled receptors in layer I/l of visual cortex
control the polarity of synaptic plasticity through a
pull-push regulation of LTP and LTD. In slices, recep-
tors coupled to Gs promote LTP while suppressing
LTD; conversely, receptors coupled to Gql1 pro-
mote LTD and suppress LTP. In vivo, the selective
stimulation of Gs- or Gg11-coupled receptors brings
the cortex into LTP-only or LTD-only states, which
allows the potentiation or depression of targeted
synapses with visual stimulation. The pull-push regu-
lation of LTP/LTD occurs via direct control of the
synaptic plasticity machinery and it is independent
of changes in NMDAR activation or neuronal excit-
ability. We propose these simple rules governing
the pull-push control of LTP/LTD form a general
metaplasticity mechanism that may contribute to
neuromodulation of plasticity in other cortical
circuits.

INTRODUCTION

Mechanisms for bidirectional synaptic plasticity such as
NMDAR-dependent forms of long-term potentiation (LTP) and
depression (LTD) are essential for experience-dependent modi-
fication of cortical function (Buonomano and Merzenich, 1998).
A widespread consensus model states that the patterns of
NMDAR activation and the ensuing increase in intracellular
Ca are sufficient to encode the polarity of synaptic changes:
changes in Ca above or below a modification threshold resulting
in LTP or LTD respectively (Malenka and Bear, 2004). Indeed, in
support of this idea, alterations in LTP and LTD induction are
often accounted for by changes in NMDAR function. Recent

studies indicate, however, that neuromodulators also play
arole in determining the polarity of NMDAR-dependent synaptic
plasticity through mechanisms that are not fully understood (see
Pawlak et al., 2010).

Experience-induced plasticity depends not only on the
patterns of sensory input, but also on neuromodulatory signals
related to the behavioral and emotional state of the animal
(Bear and Singer, 1986; Conner et al., 2003; Gu, 2002; Hu
etal., 2007; Kilgard and Merzenich, 1998). Indeed, visual cortical
plasticity depends crucially on the integrity of the cholinergic,
adrenergic and serotonergic systems (Bear and Singer, 1986;
Gu and Singer, 1995). This permissive function was originally
attributed to increased neural excitability and sensory respon-
siveness (Bear and Singer, 1986; Thomas et al., 1996). However,
neuromodulatory systems have only modest effects on the
tuning and signal-to-noise ratio of visual responses (Ego-Stengel
et al., 2002; Zinke et al., 2006), and most plausibly they gate
experience-induced plasticity by directly controlling synaptic
plasticity mechanisms such as LTP and LTD. Hence under-
standing the neuromodulation of LTP and LTD is of great
significance.

Previous research on the neuromodulation of plasticity uncov-
ered the simple principle that receptors coupled to the Gs-
protein selectively gate and promote LTP, whereas the receptors
coupled to Gg11 promote LTD (Choi et al., 2005; Kirkwood et al.,
1999; Scheiderer et al., 2004; Seol et al., 2007). Importantly,
although individually Gs- and Gq11-coupled receptors respec-
tively enable LTP or LTD only, when coapplied they enable
spike-timing dependent bidirectional changes (Seol et al.,
2007). This suggests that the interaction between the signaling
of these two types of receptors is not simply additive. Here we
show that receptors coupled to different G-proteins can also
selectively suppress LTP or LTD. As a consequence of these
opposite actions, G protein-coupled receptors (GPCRs) regulate
LTP and LTD in a pull-push manner: receptors coupled to the
adenylyl cyclase signaling pathway via Gs promote LTP and
suppress LTD, whereas receptors coupled to phospholipase C
via Gq11 promote LTD and suppress LTP. We propose that
this neuromodulator-based metaplasticity allows rapid dynamic
control of the polarity and gain of NMDAR-dependent synaptic

Neuron 73, 497-510, February 9, 2012 ©2012 Elsevier Inc. 497
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Critical role of the first transmembrane
domain of Cx26 in regulating oligomerization
and function

Oscar Jara®, Rodrigo Acuiia?, Isaac E. Garcia?®, Jaime Maripillan?, Vania Figueroa"‘b, Juan C. Saez*®,

Raul Araya-Secchi¢, Carlos F. Lagos®d, Tomas Pérez-Acle®<¢, Viviana M. Berthoud', Eric C. Beyer!,
and Agustin D. Martinez®

#Centro Interdisciplinario de Neurociencias de Valparaiso, Universidad de Valparaiso, Valparaiso, Chile;
bDepartamento de Fisiologia, Pontificia Universiclad Catélica de Chile, Santiago, Chile; “Computational Biology
Laboratory, Centro de Modelamiento Matematico, Facultad de Ciencias Fisicas y Matematicas, Universidad de Chile,
Santiago, Chile; YDepartamento de Farmacia, Facultad de Quimica, Pontificia Universidad Catdlica de Chile, Santiago,
Chile; *Fundacién Ciencia y Vida, Santiago, Chile; “Department of Pediatrics, University of Chicago, Chicago, IL 60637

Monitoring Editor
Asma Nusrat
Emory University

ABSTRACT To identify motifs involved in oligomerization of the gap junction protein Cx26,
we studiedindividualtransmembrane(TM)domainsandthefull-lengthprotein.Using the TOXCAT
assay for interactions of isolated TM a-helices, we found that TM1, a Cx26 pore domain, had
a strong propensity to homodimerize. We identified amino acids Val-37-Ala-40 (VVAA) as the
TM1 motif required for homodimerization. Two deafhess-associated Cx26 mutations local-
ized in this region, Cx26V37| and Cx26A40G, differentially affected dimerization. TM1-V37I
dimerized only weakly, whereas TM1-A40G did not dimerize. When the full-length mutants
were expressed in Hela cells, both Cx26V37I and Cx26A40G formed oligomers less effi-
ciently than wild-type Cx26. A Cx26 cysteine substitution mutant, Cx26V37C formed dithio-
threitol-sensitive dimers. Substitution mutants of Val-37 formed intercellular channels with
reduced function, while mutants of Ala-40 did not form functional gap junction channels. Un-
like wild-type Cx26, neither Cx26V 37| nor Cx26A40G formed functional hemichannels in low
extracellular calcium. Thus the VVAA motif of Cx26 is critical for TM1 dimerization, hexamer
formation, and channel function. The differential effects of VVAA mutants on hemichannels
and gap junction channels imply that inter-TM interactions can differ in unapposed and
docked hemichannels. Moreover, Cx26 oligomerization appears dependent on transient TM1
dimerization as an intermediate step.

Received: Jan 3, 2012
Revised: Jun 5, 2012
Accepted: Jul 5, 2012

INTRODUCTION
Gap junction channels constitute major pathways for direct cellular
interactions because they allow the passage of metabolites, second

messengers, and ions between neighboring cells. Opening of hemi-
channels can allow exchange of such small molecules between the
cytoplasm and the extracellular compartment. Gap junction func-
tion is critical for many cellular processes; indeed, mutations in gap

This article was published online ahead of printin MBoC in Press (http://www

.molbiolcell.org/egi/doi/10.1091/mbe.E11-12-1058) on July 11, 2012,

Address correspondence to: Agustin D. Martinez (agustin.martinez@uv.cl).
Abbreviations used: 18BGA, 18B-glycyrrhetinic acid; a.u., arbitrary units; Cx,
cannexin; DTT, dithiothreitol; ECL, extracellular loop; EGFP, enhanced green fluo-
rescent protein; ER, endoplasmic reticulum; GFP, green fluorescent protein;
GPCR, G protein—coupled receptor; HA, hemagglutinin; HBSS, Hanks’ balanced
salt solution; IgG, immunoglobulin G; PBS, phosphate-buffered saline; PMSF,
phenylmethylsulfonyl flucride; TBST, 0.1% Tween-20 in Tris-buffered saline; TM,
transmembrane; ToxR, transactivation domain; TPC, two-pore channel.
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junction proteins are causally associated with a large spectrum of
diseases, including deafness, skin disease, arrhythmias, neuropa-
thies, and cataracts (reviewed by Harris, 2001; Willecke et al., 2002;
Saez et al., 2003; Martinez et al., 2009).

A gap junction channel is formed by the docking of two hemi-
channels or connexons. Each connexon is formed by the oligomer-
ization of six subunit proteins called connexins (Cx). Each member of
the connexin family has a similar topology, containing four trans-
membrane a-helices (TM1-TM4), cytoplasmic amino and carboxyl
termini, two extracellular loops (ECLs), and one intracellular loop.
The membrane-spanning regions of the connexins are important
structural elements that participate in intraprotomer interactions
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A hallmark of neurodegenerative diseases is the reactive gliosis characterized by a phenotypic change in as-
trocytes and microglia. This glial response is associated with modifications in the expression and function of
connexins (C(xs), the proteins forming gap junction channels and hemichannels. Increased Cx expression is
detected in most reactive astrocytes located at amyloid plaques, the histopathological lesions typically pre-

sent in the brain of Alzheimer's patients and animal models of the disease. The activity of Cx channels ana-

lyzed in vivo as well as in vitro after treatment with the amyloid @ peptide is also modified and, in

Iéoe{lvs:;ﬁ particular, hemichannel activation may contribute to neuronal damage. In this review, we summarize and
Astrocyte discuss recent data that suggest glial Cx channels participate in the neurodegenerative process of Alzheimer's
Microglia disease. This article is part of a Special Issue entitled: The Communicating junctions, composition, structure
Hemichannel and characteristics.
Gap junction © 2011 Elsevier BV. All rights reserved.
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1. Introduction

In the brain, neurons receive, integrate, process and propagate infor-
mation. However, to achieve properly these functions and to survive,
neurons need to interact with glial cells, in particular with astrocytes.

* This article is part of a Special Issue entitled: The Communicating junctions, com-
position, structure and characteristics.
* Corresponding author. Tel: +33 144 27 12 22; fax: +33 14427 12 68.
E-mail address: christian.giaume@college-de-france.fr (C. Giaume).

0005-2736/% - see front matter © 2011 Elsevier B.V. All rights reserved.
doi: 10.1016/j.bbamem.2011.10.001

Indeed, astrocytes provide trophic and metabolic support to neurons.
They contribute to hyperemia, the blood flow regulation in response
to neuronal activity [1], and to the maintenance of the extracellular me-
dium homeostasis [2]. Moreover, they modulate synaptic activity and
recent evidence suggests their involvement in brain functions as com-
plex as sleep and sensory processing [3]. In pathological situations, as-
trocytes together with microglial cells, the resident immune cells of
the brain, undergo striking changes referred to as reactive gliosis. During
this long-lasting process, microglial cells become activated and astro-
cytes acquire progressively a reactive phenotype characterized by
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Abstract Trypanosoma cruzi glutamate cysteine ligase
(TeGCL) is considered a potential drug target to develop
novel antichagasic drugs. We have used a variety of
computational methods to investigate the interactions between
TeGCL with Glutathione (GSH). The three-dimensional
structure of TcGCL was constructed by comparative modeling
methods using the Saccharomyces cerevisiae glutamate
cysteine ligase as template. Molecular dynamics simulations
were used to validate the TcGCL model and to analyze the
molecular interactions with GSH. Using RMSD clustering,
the most prevalent GSH binding modes were identified
paying attention to the residues involved in the molecular
interactions. The GSH binding modes were used to propose
pharmacophore models that can be exploited in further
studies to identify novel antichagasic compounds.

Carlos F. Lagos and Raul Araya-Secchi have contributed equally to
this work.

Electronic supplementary material The online version of this article
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Introduction

Chagas disease represents the leading cause of cardiac
lesions in young, economically productive adults in Latin
American countries where this disease is endemic [1].
Trypanosoma cruzi, the eukaryotic protozoan responsible
for Chagas disease, has a redox metabolism based on
trypanothione, a glutathionyl spermidine derivative. In
Trypanosoma cruzi, glutathione (GSH) is synthesized from
its constituent amino acids by the consecutive actions of
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Genetic Analysis of Ecdysis Behavior in Drosophila Reveals
Partially Overlapping Functions of Two Unrelated
Neuropeptides

Eleanor C. Lahr,! Derek Dean,! and John Ewer?
'Department of Entomology, Cornell University, Ithaca, New York 14853, 2Instituto Milenio, Centro Interdisciplinario de Neurociencias de Valparaiso,
Facultad de Ciencias, Universidad de Valparaiso, 2360102 Valparaiso, Chile

Ecdysis behavior allows insects to shed their old exoskeleton at the end of every molt. It is controlled by a suite of interacting hormones
and neuropeptides, and has served as a useful behavior for understanding how bicactive peptides regulate CNS function. Previous
findings suggest that crustacean cardioactive peptide (CCAP) activates the ecdysis motor program; the hormeone bursicon is believed to
then act downstream of CCAP to inflate, pigment, and harden the exoskeleton of the next stage. However, the exact roles of these signaling
molecules in regulating ecdysis remain unclear. Here we use a genetic approach to investigate the functions of CCAP and bursicon in
Drosophila ecdysis. We show that null mutants in CCAP express no apparent defects in ecdysis and postecdysis, producing normal adults.
By contrast, a substantial fraction of flies genetically null for one of the two subunits of bursicon [encoded by the partner of bursicon gene
(pburs)] show severe defects in ecdysis, with escaper adults exhibiting the expected failures in wing expansion and exoskeleton pigmen-
tation and hardening. Furthermore, flies lacking both CCAP and bursicon show much more severe defects at ecdysis than de animals null
for either neuropeptide alone. Our results show that the functions thought to be subserved by CCAP are partially effected by bursicon,and
that bursicon plays an important and heretofore undescribed role in ecdysis behavior itself. These findings have important implications
for understanding the regulation of this vital insect behavior and the mechanisms by which hormones and neuropeptides control the

physiolegy and behavior of animals.

Introduction

Neuropeptides are small signaling molecules that regulate animal
development, physiology, and behavior (Strand, 1999). The an-
cient association of neuropeptides with nervous system function
is accompanied by a diverse and complex spectrum of actions. In
insects, an emblematic case of neuropeptide action is the control
of ecdysis, a precisely timed series of behaviors that enables in-
sectsto shed the remains of the old exoskeleton at the end of every
molt. Research conducted over the last 40 years has revealed that
several hormones and neuropeptides regulate the precise order
and timing of the different ecdysial behavioral subroutines (for
review, see Ewer and Reynolds, 2002; Zitnan and Adams, 2004).
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The main endocrine signal that commits the animal to executing
ecdysis is the phasic release of ecdysis triggering hormone (ETH)
that occurs at the end of the molt. Crustacean cardioactive pep-
tide (CCAP) has long been considered the neuropeptide that acts
downstream of ETH to turn on the motor program that causes
the old exoskeleton to be shed (ecdysis proper). Indeed, adding
CCAP peptide to an isolated Manduca CNS activates this motor
program and turns off the preparatory motor program of
preecdysis (Gammie and Truman, 1997). Also, RNA interference
of CCAP signaling in Tribolium causes a failure in ecdysis (Ara-
kane et al., 2008; Liet al., 2011). Finally, Drosophila bearing tar-
geted ablations of CCAP-expressing neurons do not exhibit
pupal ecdysis behavior (Park et al., 2003). However, additional
studies have implied a more complex model. In Drosophila and
other insects, subsets of CCAP neurons express additional neu-
ropeptides (Luo et al., 2005; Kim et al., 2006a,b; Luan et al., 2006;
Woodruff et al., 2008), suggesting that some of the functions
assigned to CCAP through targeted cell-killing experiments
(Park et al., 2003) could be effected by other coexpressed neuro-
peptides, acting alone or in combination with CCAP. In particu-
lar, although bursicon (the so-called tanning hormone) has
traditionally been associated with postecdysial functions (Cot-
trell, 1962; Fraenkel and Hsiao, 1962; Honegger et al., 2008),
recent work suggests that it may play a role at ecdysis itself (Love-
all and Deitcher, 2010; Veverytsa and Allan, 2011).

To further elucidate the specific role that CCAP plays at ecdy-
sis in Drosophila, we isolated a mutant lacking CCAP function; we
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Ca?" Activation of K Channels: RCK
Domains
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Introduction

Some K* channels can be activated by a rise in eyto-
solic Ca®* and, in two cases (the K* channels from the
archeon Methanobacterium thermoautotrophicum
(MthK) and the large conductance voltage- and
Ca®*-activated K* (BK) channel), the Ca®*-binding
sites are contained within the regulatory domains for
K* conductance (RCK). The MthK channel is a tetra-
mer formed by subunits containing two transmem-
brane domains and a C-terminal domain containing a
single RCK domain (Jiang et al. 2002). The functional
MthK channel, however, contains eight RCK domains,
and the green domains in Fig. 1a come from the cyto-
plasmic milieu.

The structure of the RCK domain of a six trans-
membrane domain K* channel from E. coli (solved
at 2.4 A resolution) has a Rossmann-fold topology,
which is a very common structural motif of enzymes
and ligand-binding proteins (see » Structural Motifs).
Rossmann-fold secondary structures are organized into
two linked B-o-B-o-B units (see Fig. 1b) and were first
identified in a number of NAD™-dependent dehydro-
genases. This is the type of structure present in th
MthK and in the Drosophila, mouse, and human Slol
(commonly known as BK; see » Potassium Channels

(Kv, Kir, KCa, and K(2P) Channels) chanmy . 1b).
The cloning of the BK channel from Droseophila
showed that it is a member of the S4 superfamily
encompassing voltage-dependent K* (Kv), Na*, and
Ca®* channels. The gene coding for BK was called
Slowpoke or Slo (later renamed Sio] after the cloning
and expression of Sio2 and Slo3 (Salkoff et al. 2006)).
In the case of Kv channels, the channel-forming pro-
tein possesses six transmembrane domains (S1-S6)
containing the pore-forming domain S5-P-S6, and an
84 voltage-sensing element (S1-S4). As Kv channels,
the BK channel is a tetramer; however, unlike Kv
channels, the BK channel protein consists of seven
transmembrane (S0-S6) domains with an exoplasmic
N-terminus (Fig. 1c). The intracellular C-terminal
domain, comprising two thirds of the protein, contains
four hydrophobic segments (S7-S10) and the
Ca®*- and Mg**-binding sites. The C-terminus of BK
channels consists of two tandem RCK domains (only
RCK1 is shown in Fig. 1b). The RCK domain in the
BK channel was initially unveiled by MacKinnon’s
group (Jiang et al. 2001) by multiple sequence align-
ment of the BK channel with prokaryotic K* channels
and other proteins known to possess the RCK domain
motif. Based on their primary sequence, the C-terminal
domains of K* channels Sio2 and Sio3 are believed to
be structured as two RCK domains in tandem (Salkoff
etal. 2006). Unlike Slol, however, $io2 is activated by
internal Na* and CI', and Sio3 is activated by protons.
The actual structural nature of the C-termini of these
two channels is unknown at present and will not be
discussed further here.

G.CK. Roberts (ed.), Encyclopedia of Biophysics, DOI 10.1007/978-3-642-16712-6,

© Springer-Verlag Berlin Heidelberg 2012
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Signal Transduction-Dependent Channels

Ramon Latorre, Carlos Gonzélez, and Patricio Rojas

Brief History

From the moment the first member of this ion channel family, Slol, was
discovered, the scientific world was confronted with a molecular Pandora’s
box: once opened, its electrical language left scientists bewitched. They were
fascinated with this “monster” of a single-channel conductance (250 pS in
symmetrical 100 mM K*) close to the ceiling imposed by simple diffusion
combined with an exquisite K* selectivity. Slo1 channels are essentially imper-
meable to Na* and conduct K* 10- and 200-fold more effectively than Rb* and
Cs*, respectively, though it was previously thought that large conductance
channels were not supposed to be so selective. At the same time, the channel
was activated by voltage and cytoplasmic Ca®*. This latter property led Meech
in 1978 to hypothesize that this conductance system was perfect link between
cell metabolism and electrical activity, and he was right on the mark. Because of
its large conductance, this voltage- and calcium-activated K channel was
christened “maxi-K” or “BK” (for big K%). This high single-channel
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A Short Polybasic Segment between the Two Conserved
Domains of the 3,_-Subunit Modulates the Rate of
Inactivation of R-type Calcium Channel™
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Erick Miranda-Laferte™, Silke Schmidt®, Antonella C. Jara®, Alan Neely®, and Patricia Hidalgo™*

From the *Institut fiir Neurophysiologie, Medizinische Hochschule Hannover, 30625 Hannover, Germany and the
SCentro Interdisciplinario de Neurociencia de Valparaiso, Universidad de Valparaiso, 2349400 Valparaiso, Chile

Background: Membrane anchoring underlies inhibition of voltage-dependent inactivation (VDI) of calcium channels by the
Boa-subunit.

Results: A polybasic segment of 3,, slows VDI without membrane association. This effect is abolished by charge neutralization.
Conclusion: VDI inhibition by the 3,,-subunit can occur without membrane anchoring by a mechanism that relies on positively
charged residues.

Significance: A novel mechanism underlying inhibition of VDI in calcium channels is revealed.

Besides opening and closing, high voltage-activated calcium
channels transit to a nonconducting inactivated state from
which they do not re-open unless the plasma membrane is repo-
larized. Inactivation is critical for temporal regulation of intra-
cellular calcium signaling and prevention of a deleterious rise in
calcium concentration. R-type high voltage-activated channels
inactivate fully in a few hundred milliseconds when expressed
alone. However, when co-expressed with a particular 8-subunit
isoform, B,,, inactivation is partial and develops in several sec-
onds. Palmitoylation of a unique di-cysteine motif at the N ter-
minus anchors 8,, to the plasma membrane. The current view is
that membrane-anchored 8,, immobilizes the channelinactiva-
tion machinery and confers slow inactivation phenotype.
B-Subunits contain one Src homology 3 and one guanylate
kinase domain, flanked by variable regions with unknown struc-
tures. Here, we identified a short polybasic segment at the
boundary of the guanylate kinase domain that slows down chan-
nel inactivation without relocating a palmitoylation-deficient
B, to the plasma membrane. Substitution of the positively
charged residues within this segment by alanine abolishes its
slow inactivation-conferring phenotype. The linker upstream
from the polybasic segment, but not the N- and C-terminal vari-
able regions, masks the effect of this determinant. These results
reveal a novel mechanism for inhibiting voltage-dependent
inactivation of R-type calcium channels by the 8,,-subunit that
mightinvolve electrostatic interactions with an unknown target
on the channel’s inactivation machinery or its modulatory com-
ponents. They also suggest that intralinker interactions occlude
the action of the polybasic segment and that its functional avail-
ability is regulated by the palmitoylated state of the 8,,-subunit.

* Thiswork was supported by Deutsche Forschung Gemeinschaft Grants DFG
Hi800/3-1 and 4-1 (to P. H.), Fondo Nacional de Ciencia y Tecnologia Grant
FONDECYT 1090635 (to A. N.), and the German-Chilean Scientific Cooper-
ation Program Grant DFG-CONICYT 2010 (to P. H. and A. N.).

Bl This article contains supplemental Figs. $1-54, Table 51, and Methods.
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The entry of calcium ions into the cell triggers a multitude of
cellular responses that rely on a tight spatio-temporal regula-
tion of the calcium transient spreading within the cell for their
coordination (1, 2). High voltage-activated (HVA)* calcium
channels open in response to large membrane depolarization
and constitute the major entry pathway for calcium into excit-
able cells. The largest component of HVA channels, a;-subunit
(Cayay), contains the ion conduction pore, the voltage sensor,
and multiple intracellular domains that regulate calcium influx
and provide interaction sites for regulatory proteins. Two sub-
families of HVA Cayay are recognized as follows: Caylx or
L-type channels and Cay2 X, also referred as to neuronal chan-
nels (Cay2.1 encoding P/Q-type; Cay2.2 encoding N-type; and
Cay2.3 encoding R-type) (3). Following strong depolarization
and calcium permeation, HVA channels enter into an inacti-
vated nonconducting state that constrains the amount of cal-
cium influx and protects the cells from the cytotoxic effects of
an excessive calcium rise. Inactivation of HVA channels is trig-
gered by both calcium increase and prolonged membrane
depolarization, referred as to calcium-dependent inactivation
and voltage-dependent inactivation (VDI), respectively (4).
Although calcium-dependent inactivation depends on the
binding of calmodulin to a conserved siteamong HVA channels
(5), VDI is an intrinsic property of Cayay, but it is strongly
modulated by the regulatory B-subunit (CayfB) (6-11) that
binds to a site highly conserved among HVA channels, termed
the a-interaction domain (12).

Crystallographic studies from three of the four known Ca, 3
isoforms (Cay 3, to Cayf,) revealed the molecular aspects of
this interaction. Cay 3 shares a common structural arrange-
ment with members of the membrane-associated guanylate
kinase family (MAGUK), a highly conserved Src homology 3
(SH3) and guanylate kinase (GK) domain flanked and joined by
variable segments (13—15). The binding motif in the pore-

Z10Z '8 JagWanoN U0 ‘A LISHIAINN QYVAYVH Je B1o-ogl mmm wol papeojumoq

4 The abbreviations used are: HVA, high voltage-activated channels; VDI, volt-
age-dependent inactivation; PBLK, polybasic linker segment; PSLK, poly-
serine linker segment; SH3, Src homology 3 domain; GK, guanylate kinase
domain; NT, N terminus; CT, C terminus.
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The first transmembrane domain (TM1) of f2-subunit binds
to the transmembrane domain S1 of a-subunit in BK potassium channels
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BK o and B-subunits interactions

The BK channel is one of the most broadly expressed ion channels in mammals. In many tissues, the
BK channel pore-forming o-subunit is associated to an auxiliary g-subunit that modulates the volt-
age- and Ca**-dependent activation of the channel. Structural components present in p-subunits
that are important for the physical association with the o-subunit are yet unknown. Here, we show
through co-immunoprecipitation that the intracellular C-terminus, the second transmembrane
domain (TM2) and the extracellular loop of the p2-subunit are dispensable for association with
the o-subunit pointing tr brane domain 1 (TM1) as responsible for the interaction. Indeed,
the TOXCAT assay for transmembrane protein-protein interactions demonstrated for the first time
that TM1 of the g2-subunit physically binds to the transmembrane S1 domain of the o-subunit.

Structured summary of protein interactions:
BK channel subunit alpha physically interacts with BK channel subunit beta-2 by anti tag coimmuno-
precipitation(View interaction)

© 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.

1. Introduction

The high-conductance voltage- and Ca®*-activated K* channel is
one of the most ubiquitously expressed potassium channels in
mammals [1]. This channel is named BK for “big K”, given its sin-
gle-channel conductance that can be as large as 250 pS in
100 mM, symmetrical KC1 [2-4]. BK channels increase their activity
by membrane depolarization or rises in cytosolic Ca?* levels [2,5].
As its activation leads to membrane hyperpolarization, it serves as

Abbreviations: BK, high-conductance voltage- and Ca® -activated K* channel;
TM, transmembrane; WB, western blot; K, voltage-dependent potassium channels;
HEK, human embryonic kidney cells; Co-IP, co-immunoprecipitation

* Corresponding author. Address: Centro Interdisciplinario de Neurociencia de
Valparaiso, Facultad de Ciencias, Universidad de Valparaise, Gran Bretafia 1111,
Valparaiso, Chile.

E-mail address: ramon.latorre@uv.cl (R. Latorre).

1 Present address: Ronald Reagan UCLA Medical Center, Department of Pathology
and Laboratory Medicine, Los Angeles, USA.

2 Present address: Division of Plant Biology, Bose Institute, Kolkata 700 054, West
Bengal, India.

a negative-feedback mechanism for the excitatory events that lead
to increases in calcium concentration or membrane depolarization.

The BK channel is a homotetramer of its pore-forming o-sub-
unit, which is encoded by the gene Slo1 (kcnma1) and is a member
of the voltage-dependent potassium (K,) channels superfamily. As
in all other Ky, channels, the S4 transmembrane segment is part of
an intrinsic voltage sensor [6,7]. Gating and ionic currents in BK
channels can be elicited by membrane depolarization in the
absence of calcium, suggesting that this is a voltage-dependent
channel [8,9].

In many tissues, the BK channel a-subunit is associated to an
auxiliary B-subunit. The B-subunits are intrinsic membrane pro-
teins consisting of two transmembrane domains (TM1 and TM2)
and a large (~120 residues) external loop. There are four types of
B-subunits, p1-p4, that have tissue-specific distributions and
impart unique effects on voltage- and Ca**-dependent activation
of BK channels (reviewed in [10]).

The functional coupling between - and Bl-subunits requires
the transmembrane segment SO of the @-subunit [11]. However,
Morrow et al. (2006) reported that the physical association be-
tween the g-subunit and the p1-subunit does not require the SO

0014-5793/$36.00 © 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
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K* Conduction and Mg?* Blockade in a Shaker Kv-Channel Single Point
Mutant with an Unusually High Conductance
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ABSTRACT Potassium channels exhibit a large diversity of single-channel conductances. Shaker is a low-conductance
K-channel in which Pro475— Asp, a single-point mutation near the internal pore entrance, promotes 6- to 8-fold higher unitary
current. To assess the mechanism for this higher conductance, we measured Shaker-P475D single-channel current in a wide
range of symmetrical K+ concentrations and voltages. Below 300 mM K™, the current-to-voltage relations (V) showed inward
rectification that disappeared at 1000 mM K*. Single-channel conductance reached a maximum of ~190 pS at saturating [K™],
a value 4-to 5-fold larger than that estimated for the native channel. Intracellular Mg?* blocked this variant with ~100-fold higher
affinity. Near zero voltage, blockade was competitively antagonized by K*; however, at voltages >100 mV, it was enhanced
by K*. This result is consistent with a lock-in effect in a single-file diffusion regime of Mg?* and K* along the pore.
Molecular-dynamics simulations revealed higher Kt density in the pore, especially near the Asp-475 side chains, as in the
high-conductance MthK bacterial channel. The molecular dynamics also showed that KT ions bound distally can coexist
with other K* or Mg®* in the cavity, supporting a lock-in mechanism. The maximal K transport rate and higher occupancy
could be due to a decrease in the electrostatic energy profile for K* throughout the pore, reducing the energy wells and barriers

differentially by ~0.7 and ~2 KT, respectively.

INTRODUCTION

Distinct K-channels are endowed with a highly K™-selective
pore that allows fluxes of 10°~10° K™ ions per second in
equivalent experimental conditions. The diversity in the
ion transport rate is congruent with the fact that K-channels
constitute one of the most diverse membrane protein fami-
lies (1). Potassium channels contain a highly conserved
signature sequence of seven amino acid residues that shape
the K selectivity filter, the functional equivalent of the
enzyme’s active site (2,3). In spite of this, K-channels
have very distinct single-channel conductances. For
example, K-channels that have the same selectivity filter
sequence (TTVGYGD: Kv1.1-Kv1.8, Kv2.2, as well as
KcsA and KvAP bacterial channels), have single-channel
conductance ranging from 5 to 170 pS (4) (see Table S1
in the Supporting Material). The origin of such diverse
conductances is not resolved yet, but the sequence identity
suggests that KT translocation across the selectivity filter
is not the rate-limiting step in low-conductance K-channels.
In these channels, the slowest step would be K transloca-
tion toward or away from the selectivity filter.
High-conductance Ca-gated K-channels (BK channels)
carry two conserved glutamate residues at the internal end
of S6 (residues 321 and 324 in mSlo1; Table S1), suggesting
an important role in large conductance. These residues,
which are not present in low-conductance K-channels,

Submitted January 27, 2012, and accepted for publication August 1, 2012.
*Correspondence: david.naranjo@uv.cl
Editor: Chris Lingle.
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form two negatively charged rings at the internal pore
entrance. Charge neutralization of the rings reduced out-
ward currents by ~50%, with modest effects on the inward
currents, and significantly, but not dramatically, reduced
blockade by Mg”™ (5,6). These effects faded away at high
ionic strength, as would be predicted if the charged rings
only produce an electrostatic accumulation of permeant
and blocking ions in the vicinity of the internal mouth.
Similarly, addition of negatively charged residues to posi-
tion 108 in the KcsA channel, aligning with mSlol’s
320 (Table S1), doubled the outward currents and had
minimal effects on the inward currents (7).

In contrast to BK channels, removal of either of the two
charged rings of MthK (residues 92 and 96 aligning with
mSlol 320 and 324) reduced both inward and outward
currents (8). This bidirectional effect on the current may
not be accounted for by an electrostatic accumulation of
K' ions near the internal entrance of the native MthK
channel. Also in contrast to BK, charge neutralization
in the ring decreased the divalent affinity dramatically.
Therefore, the charged rings in the MthK channel may
sustain a cation-binding site in the pore that can increase
single-channel conductance and divalent affinity (8). In a
similar fashion, a single-point mutation (Pro475Asp) at
the internal entrance of the low-conductance Shaker
K-channel produces a large (6- to 8-fold) increase in inward
unitary currents (9). Shaker’s 475 aligns with 92 in MthK,
108 in KcsA, and 320 in mSlol (Table S1) (5,7,8), but in
contrast to the case with KcsA and mSlol, the inward

hitp://dx.doi.org/10.1016/.bpj 2012.08.015
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Iron deficiency on neuronal function
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Abstract Because of the intrinsic ability of iron to
catalyze the formation of reactive oxygen species, it
has been associated with oxidative stress and neuro-
degenerative diseases. However, iron deficiency (ID)
also negatively impacts various functions of the brain,
suggesting that iron plays an important physiological
role in neuronal processes such as myelination, syna-
ptogenesis, behavior and synaptic plasticity (SP). ID
not only produces changes in the hippocampus, stri-
atum, amygdale or prefrontal cortex, it also affects the
interaction among these systems. In both humans and
rodents, the perturbations of these structures are asso-
ciated to cognitive deficits. These cognitive alterations
have been well correlated with changes in neural
plasticity, the possible cellular substrate of memory
and learning. Given that SP is strongly affected by
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early ID and the lasting-neurological consequences
remain even after ID has been corrected, it is important
to prevent ID as well as to seek effective therapeutic
interventions that reduce or reverse the long-term
effects of the ID in the nervous system. This review
will give an overview of the literature on the effects of
iron deficit in neuronal functions such as behavior,
neurotransmission and SP. We also discuss our recent
data about the possible oxidative effect of iron on the
mechanisms involved in neural plasticity.

Keywords Iron - Synaptic plasticity - Calcium
signaling - Hippocampus - Cognitive impartment

Abbreviations

ROS Reactive oxygen species

ID Tron deficiency

SP Synaptic plasticity

CNS Central nervous system

PFC Prefrontal cortex

DMT1 Divalent metal transporter 1

DFO Desferrioxamine
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1SO Isoproterenol

NMDAR N-methyl-p-aspartate receptor
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CICR Calcium-induced calcium release

mEPSCs Miniature excitatory postsynaptic
currents

@ Springer



CINV- PROGRESS REPORT 2012

Communicative & Integrative Biolog

Aarch/April 2012; © 2012 Landes Bioscience

Iron-mediated redox modulation in neural plasticity

Pablo Mufioz

Centro Interdisciplinario de Neurociencias de Valparaiso; Universidad de Valparaiso; Valpataiso, Chile

Keywords: iron, ryanodine receptor,
synaptic plasticity, redox signaling,
gene expression

Submitted: 11/07/11

Accepted: 11/08/11

http://dx.doi.org/10.4161/cib.18710

Correspondence to: Pablo Munoz;
Email: pabklo.munoz@ciny cl

Addendum to: Mufoz P, Humeres A, Elgueta C,
Kirowood A, Hidalgo C, Nurez MT. Iron mediates
N-methyl-D-aspartate receptor-dependent
stimulation of calcium-induced pathways and
hippocampal synaptic plasticity. J Biol Chem
2011; 286:13382-92; PMID:21256883; http://dx.
doi.org/10.1674/4bcM110:213785

166

he role of iron in brain physiulogy
has focused on the neuropatho-
logica.l, effects due to iron-induced oxida-
tive stress. However, our recent work
has established a physiologica.l relation-
ship between the iron-mediated oxida-
tive modification and normal neurcnal
function. Our results obtained from
hippocampal neurons, suggest that iron-
generated reactive species oxygen (ROS)
are involved in calcium signaling initiated
by stimulation of NMDA receptors. This
signal is amplified by ryanodine receptors
(RyR), a redox- sensitive calcium channel,
allowing the phosphorylation and nuclear
translocation of ERK1/2. Furthermore,
using electrophysiological approaches,
we showed that iron is required for basal
synaptic transmission and full expression
of lcmg—terrn potentiation, a type of
synaptic plasticity. Our data combined
suggest that the oxidative effect of iron
is critical to activate processes that are
downstream of NMDAR activation.
Finally, due to the high reactivity of
DNA with iron-generated ROS, we
hypothesize an additional function of
iron in gene regulation.

Due to its ability to accept or transfer
electrons, iron participates in a series of
redox reactions'? such as the Fenton
reaction that generates hydroxyl free
radicals or the Haber-Weiss reaction that
combines the reduction of Fe®* by super-
oxide plus oxygen to produce Fe*".

When iron accumulates, it can promote
oxidative stress which in tum trggers
neuronal death.®> As a result of iron-
mediated reactions, the study of iron in
the brain has been focused on its neuro-
pathological role.** However, our recent

wotk has established a physiological

Communicative & Integrative Biology

relationship between the iron-mediated
oxidative modification and nommal neuro-
nal function.® This work also suggests that
iron-generated reactive species oxygen
(ROS) could be a new class of molecules
that act as second messengers in signaling
cascades related to synaptic plasticity (SP),
the putative cellular substrate of memory.

Consistent with a potential physio-
logical role of iron, the activation of
N-Methyl-D-aspartate (NMDA) receptors
(NMDAR) induces iron uptake in
cultured cortical neurons (Fig. 1), which
in tum induces the production of the
hydroxyl free radical- mediated Fenton
reaction.” Similarly, in cultured hippo-
campal neurons, we showed that the entry
of iron rapidly increased labile iron for
the Fenton reaction.®

Why are there different mechanisms to
incorporate iron, after neuronal activity?
We propose that iron uptake is needed to
provide a neuronal oxidative tone neces-
sary for the proper functioning and
operation of components sensitive to this
tone. In agreement with this idea, ryano-
dine receptors (RyR), a channel involved
in calcium- induced calcium release
(CICR) which activates various signaling
pathways involved in synaptic plasticity,”
has a group of oxidation-sensitive cysteines®
that could be one of the putative targets
of iron-mediated oxidative attacks, as
proposed by earlier

wotk in PC12 cells.® Our latest work in
hippocampal neurons suggests that iron-
generated ROS are involved in calcium
signaling initiated by stimulation of
NMDA receptors and amplified by the
RyR® An iron chelator, deferrioxamine,
prevents CICR as well as the phosphoryla-
tion and nuclear translocation of ERK
1/2 necessary to establish synaptic plasti-
city (SP) and gene expression-dependent
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Abstract

Models of infectious diseases have been developed since the first half of the twentieth century. There are
different approaches to model an infectious outbreak, especially in terms of how individuals and their
interactions are defined and treated. Most models haven’t considered the role that emotional factors of the
individual may play on the population’s behavioral adaptation during the spread of a pandemic disease.
Considering that local interactions among individuals generate patterns that -at a large scale- govern the
action of masses, we have studied the behavioral adaptation of a population induced by the spread of an
infectious disease. Therefore, we have developed a rule-based model of a hypothetical zombie outbreak,
written in Kappa language, and simulated using Guillespie’s stochastic approach. Our study addresses the
specificity and heterogeneity of the system at the individual level, a highly desirable characteristic, mostly
overlooked in classic epidemic models. Together with the basic elements of a typical epidemiological
model, our model includes an individual representation of the disease progression and the traveling of
agents among cities being affected. It also introduces an approximation to measure the effect of panic in
the population as a function of the individual situational awareness. In addition, the effect of two possible
countermeasures to overcome the zombie threat is considered: the availability of medical treatment and
the deployment of special armed forces. However, due to the special characteristics of this hypothetical
infectious disease, even using exaggerated numbers of countermeasures, only a small percentage of the
population can be saved at the end of the simulations. As expected from a rule-based model approach,
the global dynamics of our model resulted primarily governed by the mechanistic description of local
interactions occurring at the individual level. As a whole, people’s situational awareness resulted essential
to modulate the inner dynamics of the system.

Introduction

Zombies are fictitious entities described in tales throughout history as human beings that, through various
methods, have passed from a cataleptic state to a pseudo-life, lacking self control [1,2]. The etymological
origin of the Zombie word can be traced to the Voodoo cult, in which, according to the controversial
work of Davis [3,4], a cataleptic person -induced by a toxin or venom- could be raised from the grave
by a wizard to be turned into his slave. However, the actual and more popular concept is from films
of George A. Romero, among others, in which a zombie is a human affected by a highly contagious
disease -typically a virus- that turns him into a mindless and wandering being with an insatiable hunger
for human flesh [5,6]. According to pop culture, zombies represent entities that generate social chaos,
similar to large scale outbreaks of infectious diseases, leading to a state of catastrophe, affecting people
physical and emotionally [2,6,7]. Thus, the imaginary zombie scenario dictates that societies suffering
an outbreak are inevitably driven to a loss of control and misrule. In this setting, decisions are taken
by considering only local and immediate information elements regarding the situation to be surpassed,
mainly focused on surviving [6,7]. At the governmental rank, decisions are taken by considering the
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ABSTRACT

The ventromedial hypothalamus is involved in regulating
feeding and satiety behavior, and its neurons interact with
specialized ependymal-glial cells, termed tanycytes. The lat-
ter express glucose-sensing proteins, including glucose
transporter 2, glucokinase, and ATP-sensitive K" (Kxrp)
channels, suggesting their involvement in hypothalamic
glucosensmg Here, the transduction mechanism mvolved
in the glucose-induced rise of intracellular free Ca®' con-
centration ([Ca®'})) in cultured B- tanycytes was examined.
Fura-2AM time-lapse fluorescence 1mages revealed that
glucose increases the intracellular Ca®* signal in a concen-
tration-dependent manner. Glucose transportation, primar-
ily via glucose transporters, and metabolism via anaerobic
glycolysis increased connexin 43 (Cx43) hemichannel activ-
ity, evaluated by ethidium uptake and whole cell patch
clamp recordings, through a Kyrp channel-dependent path-
way. Consequently, ATP export to the extracellular milieu
was enhanced, resulting in activation of purinergic P2Y,
receptors followed by inositol trisphosphate receptor activa-
tion and Ca®" release from intracellular stores. The present
study identifies the mechanism by which glucose increases
[Ca®"]; in tanycytes. It also establishes that Cx43 hemi-
channels can be rapidly activated under physiological con-
ditions by the sequential activation of glucosensing proteins
in normal tanycytes. ©2011 Wiley Periodicals, Inc.

INTRODUCTION

The ventromedial hypothalamus (VMH) is involved in
regulating feeding and satiety behaviors through their
capacity to detect changes in glucose concentrations
(Levin et al., 2004). The arcuate nucleus (AN) and the
ventromedial nucleus (VMN) form the VMH; their neu-
rons are in close contact with highly elongated ependy-
mal-glial cells known as tanycytes (Akmayev and Popov,
1977; Chauvet et al., 1995; Flament-Durand and Brion,
1985). Tanycytes are the main glial cells present in the
basal hypothalamus (Garcia et al., 2001, 2003; Millan et
al., 2010) and are classified into four types, according to
their localization in the III-V ventricle and biochemical
and molecular properties: al, a2, 1, and B2 (Akmayev
and Fidelina, 1974; Akmayev and Popov, 1977). al- and

©2011 Wiley Periodicals, Inc.

a2-tanycytes are localized beside the VMN, while B1-
tanycytes are localized within the lower lateral wall of
the third ventricle, contacting neurons through cell proc-
esses in the AN as well as capillaries in the hypothala-
mus (Garcia et al., 2001). B2-tanycytes are found in the
floor of third ventricle lining the median eminence
(Garcia et al., 2001).

Both a and B tanycytes express several glucose-sens-
ing molecules, including glucose transporter 2 (GLUT2)
and ATP-sensitive K (Karp) channels, suggesting their
possible involvement in hypothalamus-mediated gluco-
sensing (Alvarez et al., 1996; Garcia et al., 2003; Millan
et al., 2010; Navarro et al., 1996). Notably, unlike «-
tanycytes, high expression of GLUT2 and glucokinase
(GK) in the proximal pole has been observed in B1-tany-
cytes in vivo (Garcia et al., 2003; Millan et al., 2010).
The specific localization of B1 tanycytes in direct contact
with cerebral spinal fluid and their prominent GLUT2/
GK expression strongly support the idea that these cells
have a high glucose uptake capacity. In fact, it has been
proposed that Bl-tanycytes could uptake and metabolize
glucose to lactate through the glycolytic pathway, and
subsequently export lactate to neurons of the AN
through monocarboxylate transporters (MCTs) 1 and/or
4 (Cortés-Campos et al., 2011; Garcia et al., 2003; Millan
et al., 2010).

In support of the putative brain glucosensor role of
tanycytes, it was recently demonstrated that extracellu-
lar glucose increases the intracellular free Ca" concen-
tration ([Ca®'];) in al- and a2-tanycytes (Frayling et al.,
2011). Although expression of glucosensing proteins by
different tanycyte subtypes is well-established, the
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Abstract

During the last two decades, it became increasingly evident
that glial cells accomplish a more important role in brain func-
tion than previously thought. Glial cells express pannexins and
connexins, which are member subunits of two protein families
that form membrane channels termed hemichannels. These
channels communicate intra- and extracellular compartments
and allow the release of autocrine/paracrine signaling mole-
cules [e.g., adenosine triphosphate (ATP), glutamate, nico-
tinamide adenine dinucleotide, and prostaglandin E|] to the
extracellular milieu, as well as the uptake of small molecules
(e.g., glucose). An increasing body of evidence has situated
glial hemichannels as potential regulators of the beginning and
maintenance of homeostatic imbalances observed in diverse
brain diseases. Here, we review and discuss the current evi-
dence about the possible role of glial hemichannels on neuro-
degenerative diseases. A subthreshold pathological threatening
condition leads to microglial activation, which keeps active
defense and restores the normal function of the central nervous
system. However, if the stimulus is deleterious, microglial cells
and the endothelium become overactivated, both releasing bio-
active molecules (e.g., glutamate, cytokines, prostaglandins,
and ATP), which increase the activity of glial hemichannels,
reducing the astroglial neuroprotective functions, and further
reducing neuronal viability. Because ATP and glutamate are
released via glial hemichannels in neurodegenerative condi-
tions, it is expected that they contribute to neurotoxicity. More
importantly, toxic molecules released via glial hemichannels

could increase the Ca®* entry in neurons also via neuronal
hemichannels, leading to neuronal death. Therefore, blockade
of hemichannels expressed by glial cells and/or neurons dur-
ing neuroinflammation might prevent neurodegeneration.

Keywords: astrocytes; brain; connexins; inflammation;
microglia; pannexins.

Introduction

In the central nervous system (CNS), the two main cellular
components are glial cells and neurons. The former consti-
tute ~90% of CNS cells, and the latter represent just ~10%.
However, both cellular types contribute in equal form (50% and
50%) to the total cell mass of the brain (Verkhratsky and Toescu,
2006). Glial cells are divided into macroglia (oligodendrocytes,
astrocytes, and ependymoglial cells) and microglia, which are
from neuroectodermal and mesenchymal origin, respectively.
Whereas neurons and macroglial cells are endogenous cells
of the brain, microglia invade the CNS early during embry-
onic development (Carson et al., 2006). For a long time, glial
cells were considered as part of the brain connective tissue that
provides support to neurons. Nevertheless, during the last two
decades, it became evident that glial cells have more significant
roles in brain function than previously thought.

The brain performs exceptionally complex and dynamic
tasks that depend on the coordinated interaction of endothelial
cells, macroglial cells, microglia, and neurons. For instance,
hundreds of astrocytes can be connected with each other
(Giaume et al., 2010). Such astrocyte-to-astrocyte intercel-
lular communication is attained by sharing cytoplasmic con-
tent through membrane specializations termed gap junctions.
These cell junctions are aggregates of few tens to thousands
of intercellular conduits termed gap junction channels (GICs)
that allow direct but selective cytoplasmic continuity between
contacting cells. Through GICs, the intercellular exchange
of metabolites (e.g., ADP, glucose, glutamate, and glutathi-
one), second messengers (e.g., cyclic adenosine monophos-
phate and inositol triphosphate), and the intercellular spread
of electrotonic potentials in excitable and non-excitable
tissues (Séez et al., 2003; Sohl and Willecke, 2004; Evans
et al., 2006) are possible. Whereas a GIC is formed by the
serial docking of two hemichannels (each one contributed by
one of two adjacent cells), each hemichannel is composed of
six protein subunits termed connexins (Cxs). The latter belong
to a highly conserved protein family encoded by 21 genes in
humans and 20 in mice with orthologs in other vertebrate spe-
cies (Cruciani and Mikalsen, 2005).

Brought to you by | Pontificia Univ. Cato. de Chile (Pontificia Univ. Cato. de Chile)
Authenticated | 172.16.1.226
Download Date | 4/5/12 4:47 PM



CINV- PROGRESS REPORT 2012

J Neurophysiol 108: 3009-3023, 2012.
First published September 5, 2012; doi:10.1152/n.01033.2011.

Role of [, in the firing pattern of mammalian cold thermoreceptor endings

Patricio Orio,' Andrés Parra,> Rodolfo Madrid,®> Omar Gonzilez,>* Carlos Belmonte,>

and Félix Viana®

LCentro Interdisciplinario de Neurociencia de Valparaiso (CINV) and Facultad de Ciencias, Universidad de Valparaiso,
Valparaiso, Chile; Instituto de Neurociencias de Alicante, Universidad Miguel Herndndez-CSIC, Alicante, Spain;
3Departamento de Biologia, Facultad de Quimica y Biologta, Universidad de Santiago de Chile, Santiago, Chile; and
*Fundacién de Investigacién Oftalmoldgica, Instituto Fernandez-Vega, Oviedo, Spain

Submitted 11 November 2011; accepted in final form 30 August 2012

Orio P, Parra A, Madrid R, Gonzélez O, Belmonte C, Viana F.
Role of 4, in the firing pattern of mammalian cold thermoreceptor
endings. J Neurophysiol 108: 3009-3023, 2012. First published
September 5, 2012; doi:10.1152/jn.01033.2011.—Mammalian pe-
ripheral cold thermoreceptors respond to cooling of their sensory
endings with an increase in firing rate and modification of their
discharge pattern. We recently showed that cultured trigeminal cold-
sensitive (CS) neurons express a prominent hyperpolarization-acti-
vated current (fy), mainly carried by HCN1 channels, supporting
subthreshold resonance in the soma without participating in the
response to acute cooling. However, peripheral pharmacological
blockade of I, or characterization of HCN1 '~ tnice, reveals a deficit
in acute cold detection. Here we investigated the role of [, in CS nerve
endings, where cold sensory transduction actually takes place. Cor-
neal CS nerve endings in mice show a rhythmic spiking activity at
neutral skin temperature that switches to bursting mode when the
temperature is lowered. ;, blockers ZD7288 and ivabradine alter firing
patterns of CS nerve endings, lengthening interspike intervals and
inducing bursts at neutral skin temperature. We characterized the CS
nerve endings from HCN1~/~ mouse corneas and found that they
behave similar to wild type, although with a lower slope in the firing
frequency vs. temperature relationship, thus explaining the deficit in
cold perception of HCN1~/~ mice. The firing pattern of nerve endings
from HCN1~/~ mice was also affected by ZD7288, which we attri-
bute to the presence of HCN2 channels in the place of HCNI.
Mathematical modeling shows that the firing phenotype of CS nerve
endings from HCN1~/~ mice can be reproduced by replacing HCN1
channels with the slower HCN2 channels rather than by abolishing 1, .
We propose that [, carried by HCN1 channels helps tune the fre-
quency of the oscillation and the length of bursts undetlying regular
spiking in cold thermoreceptors, having important implications for
neural coding of cold sensation.

hyperpolarization-activated current; HCN channel; subthreshold os-
cillation; bursting; cold thermoreceptors

MAMMALIAN COLD THERMORECEPTORS are sensory terminals spe-
cialized in the detection of innocuous cold/cool temperatures
impinging on the skin (Hensel 1981). The transduction of cold
stimuli takes place in the free nerve endings of the peripheral
axons of cold thermoreceptor neurons from trigeminal and
dorsal root ganglia. They display spontaneous, tonic or burst-
ing, spike activity at neutral skin temperatures (34°C) that is
accelerated by cooling the receptive field and suppressed by
warming (Braun et al. 1980; Brock et al. 2001; Dykes 1975;
Iggo 1969). The average frequency of their static discharge has
a bell-shaped relationship with respect to skin temperature,
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attaining the maximum frequency at temperatures ranging from
18°C to 34°C. Therefore, the action potential rate cannot
encode unambiguously the peripheral temperature under static
conditions (Bade et al. 1979; Dykes 1975; Hensel and Wurster
1970), suggesting that discrimination depends on the temporal
structure of the impulse sequence (Braun et al. 1980; Hensel
1981). At static temperatures above ~30°C the activity con-
sists mainly in regularly fired single spikes, while at lower
temperatures the bursting activity prevails (Iggo 1969). The
transitions between these different spiking patterns are contin-
uous, and their temporal structure suggests that all the different
patterns can be attributed to slow oscillations of the membrane
potential that are systematically altered by temperature (Braun
et al. 1980, 1998; Schafer et al. 1991). Acute cooling leads to
a transient rise in mean frequency caused by an immediate
increase in the frequency of bursts followed by an increase in
burst duration and number of impulses per burst while the
frequency of bursts decreases (Braun et al. 1980). There is
growing experimental evidence showing that bursting is in-
volved in the transmission of behaviorally relevant information
in other sensory systems (Krahe and Gabbiani 2004), and it has
been proposed that bursting enhances the sensitivity and work-
ing range of cold receptors (Iggo 1969). However, the contri-
bution of this temporal firing code to the psychophysical
capacities for cold discrimination in vivo has not been estab-
lished.

The cellular and molecular mechanisms that confer speci-
ficity for thermal detection at cold nerve endings have been
unveiled in recent times. Cooling and cooling compounds, like
menthol, activate TRPMS, a nonselective, calcium-permeable
cation channel of the transient receptor potential family (re-
viewed in Babes et al. 2011 and Latorre et al. 2011; McKemy
et al. 2002; Peier et al. 2002). This channel is selectively
expressed in cold-sensitive (CS) neurons and is a major deter-
minant of their cold sensitivity (Bautista et al. 2007; Colburn et
al. 2007; Dhaka et al. 2007). CS neurons also possess back-
ground K* channels that are closed by cooling, contributing to
depolarization and firing (Reid and Flonta 2001; Viana et al.
2002), and it has been shown that these channels participate in
cold perception (Noel et al. 2009). In contrast, the ionic
mechanisms underlying the rhythmic firing activity exhibited
by peripheral cold receptors are still unknown. Experimental
evidence suggests the involvement of slow, TTX-resistant
persistent sodium currents (Brock et al. 1998; Herzog et al.
2001) and low-threshold calcium channels (Schafer et al. 1982,
1991) in the underlying oscillations that generate rhythmic
firing. Mathematical simulations (Braun et al. 1998; Longtin
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Abstract

Background: The phenomena that emerge from the interaction of the stochastic opening and closing of ion channels
{channel noise) with the non-linear neural dynamics are essential to our understanding of the operation of the nervous
system. The effects that channel noise can have on neural dynamics are generally studied using numerical simulations of
stochastic models. Algorithms based on discrete Markov Chains (MC) seem to be the most reliable and trustworthy, but
even optimized algorithms come with a non-negligible computational cost. Diffusion Approximation (DA) methods use
Stochastic Differential Equations (SDE) to approximate the behavior of a number of MCs, considerably speeding up
simulation times. However, model comparisons have suggested that DA methods did not lead to the same results as in MC
modeling in terms of channel noise statistics and effects on excitability. Recently, it was shown that the difference arose
because MCs were modeled with coupled gating particles, while the DA was modeled using uncoupled gating particles.
Implementations of DA with coupled particles, in the context of a specific kinetic scheme, yielded similar results to MC.
However, it remained unclear how to generalize these implementations to different kinetic schemes, or whether they were
faster than MC algorithms. Additionally, a steady state approximation was used for the stochastic terms, which, as we show
here, can introduce significant inaccuracies.

Main Contributions: We derived the SDE explicitly for any given ion channel kinetic scheme. The resulting generic
equations were surprisingly simple and interpretable — allowing an easy, transparent and efficient DA implementation,
avoiding unnecessary approximations. The algorithm was tested in a voltage clamp simulation and in two different current
clamp simulations, yielding the same results as MC modeling. Also, the simulation efficiency of this DA method
demonstrated considerable superiority over MC methods, except when short time steps or low channel numbers were used.
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Introduction

Noise and variability are present throughout the nervous
system, from sensory systems to the motor output and perhaps
more importantly in the higher brain areas [1]. Far from being
considered as a nuisance, noise is now argued to be one of the key
elements that shape the way the central nervous system (CNS)
codes sensory inputs, builds internal representations and makes
decisions [2]. Phenomena like stochastic resonance [3,4,5,6]
enhance several aspects of sensory coding and signal detection
[7,8]. Also, noise can be beneficial in various computational tasks
[9,10,11,12].

One of the main sources of noise and variability is the stochastic
opening and closing of ion channels, commonly called channel noise
[13,14]. The effects of channel noise on neuronal excitability are
to a large extent studied with the use of mathematical models,
either by constructing and analyzing models with stochastic
channels [15,16,17,18] or by introducing a noisy conductances in

PLoS ONE | www.plosone.org

dynamic clamp experiments [19,20]. It is of interest, then, to
develop and analyze numerical models that faithfully reproduce
the stochastic nature of ion channels. It is also of interest to
develop fast algorithms that can be used in large scale simulations
of neural networks or in real time simulation for dynamic clamp
experiments.

Ion channels are commonly modeled using the framework
established by Hodgkin and Huxley [21], see alse [22]. In this
framework, ion channels contain one or more gating particles that
can be either in a resting or active state. The transition rates
between states are voltage-dependent, and now we know that this
is because these particles contain a charged domain (the volfage
sensor) that senses the membrane electrical potential [23]. In the
pure Hodgkin and Huxley (HH) framework, the probability of a
channel being open is equal to the probability of all its gating
particles being active. Usually the particles are assumed to be
independent and thus the probability of the open channel is the
product of the probabilities of the active particles. In the limit of

May 2012 | Volume 7 | Issue 5 | 36670
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Connexin 36 is Expressed in Beta and
Connexins 26 and 32 in Acinar Cells
at the End of the Secondary Transition
of Mouse Pancreatic Development
and Increase During Fetal and
Perinatal Life
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ABSTRACT

To identify when during fetal development connexins (Cxs) 26 (Cx26)
32 (Cx32), and 36 (Cx36) begin to be expressed, as well as to characterize
their spatial distribution, real time polymerase chain reaction and immu-
nolabeling studies were performed. Total RNA from mouse pancreases at
13 and 18 days posteoitum (dpe) and 3 days postpartum (dpp) was ana-
lyzed. In addition, pancreatic sections of mouse at 13, 14, 15, 16, 18 dpe
and 3 dpp and of rat at term were double labeled with either anti-insulin
or anti-a-amylase and anti-Cx26 or -Cx32 or -Cx36 antibodies and studied
with confocal microscopy. From day 13 dpe, Cxs 26, 32, and 36 transcripts
were identified and their levels increased with age. At 13-14 dpe, Cxs 26
and 32 were localized in few acinar cells, whereas Cx36 was distributed
in small beta cell clumps. From day 14 dpe onwards, the number of la-
beled cells and relative immunofluorescent reactivity of all three Cxs at
junctional membranes of the respective cell types increased. Cxs 26 and
32 colocalized in fetal acinar cells. In rat pancreas at term, a similar con-
nexin distribution was found. Relative Cxs levels evaluated by immuno-
blotting also increased (two-fold) in pancreas homogenates from day 18
dpe to 3 dpp. The early cell specific, wide distribution, and age dependent
expression of Cxs 26, 32, and 36 during fetal pancreas ontogeny suggests
their possible involvement in pancreas differentiation and prenatal matu-
ration. Anat Rec, 295:980-990, 2012. © 2012 Wiley Periodicals, Inc.
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Chapter 11

Mutagenesis and
Temperature-Sensitive Little Machines

Maria Pertusa, Hans Moldenhauer, Sebastidn Brauchi,
Ramon Latorre, Rodolfo Madrid and Patricio Orio

Additional information is available at the end of the chapter

http//dx.doi.org/10.5772/50333

1. Introduction

In mammals a class of ion channels able to sense a wide range of temperatures (0-60 °C) has
evolved. These molecular thermodynamic machines called thermo Transient Receptor
Potential (thermoTRP) are spread through the different TRP channel subfamilies having
members inside the TRPM (melastatin) subfamily, where TRPM2, TRPM3, TRPM4 and
TRPM5 are heat-activated, whereas TRPMS is activated by cold. The TRPV (vanilloid)
subfamily contains four thermoTRP channels (TRPV1, TRPV2, TRPV3 and TRPV4), which
are all activated by heat; and TRPAI (ankyrin) channel which is activated by noxious cold
(reviewed in [28, 107], Figure 1). More recently, a member of TRPC (canonical) subfamily,
TRPCS, was identified as a cold receptor in the temperature range 37-25 °C [1].

Located in cutaneous nerve endings of thermoreceptors and nociceptors, and because
extreme temperatures produce discomfort and pain, thermoTRP channels are involved in
nociception and can be activated by a long list of other noxious stimuli such as low pH and
irritant chemicals [2].

What characterizes these channels is their exquisite temperature sensitivity.
Thermodynamic analyses reveal that thermoTRP channels undergo large enthalpy changes
(AH) that account for their high temperature sensitivity [3-8]. For example, the enthalpy
change between close and open in TRPV1 and TRPMS involves AHs of ~100 kcal/mol and ~-
60 kcal/mol, respectively [3, 5]. It is obvious that in order to make the closed-open reaction
reversible these enthalpy changes must be accompanied by large entropy (AS) changes.
These activation enthalpies are 3-5 times the enthalpy change for voltage- or ligand-
dependent channel gating (AH ~20 kcal/mol; [108]). Actually, Yao et al. [7] pointed out that
in the case of TRPV1, the AH involved in the closed-open transition is equivalent to an
electrical energy moving 71 unit charges across 60 mV!

© 2012 Latorre et al., licensee InTech. This is an open access chapter distributed under the terms of the
I mE H Creative Commons Attribution License {http //creativecommons.org/licenses/by/3.0), which permits

. : unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
apen science | open minds



Downloaded by Harvard University on 18 November 2012
Published on 04 January 2012 on http://pubs.rsc.org | doi:10.1039/C1MB05294B

Molecular
BioSystems
Cite this: Mol. BioSyst., 2012, 8,685-698

www.rsc.org/molecularbiosystems

CINV- PROGRESS REPORT 2012

View Online / Journal Homepage / Table of Contents for this issue

Dynamic Article Links ()

REVIEW

Modulation of gap junction channels and hemichannels by growth factors
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Gap junction hemichannels and cell-cell channels have roles in coordinating numerous cellular

processes, due to their permeability to extra and intracellular signaling molecules. Another
mechanism of cellular coordination is provided by a vast array of growth factors that interact
with relatively selective cell membrane receptors. These receptors can affect cellular transduction
pathways, including alteration of intracellular concentration of free Ca®™ and free radicals and
activation of protein kinases or phosphatases. Connexin and pannexin based channels constitute

recently described targets of growth factor signal transduction pathways, but little is known
regarding the effects of growth factor signaling on pannexin based channels. The effects of growth
factors on these two channel types seem to depend on the cell type, cell stage and connexin and
pannexin isoform expressed. The functional state of hemichannels and gap junction channels are
affected in opposite directions by FGF-1 via protein kinase-dependent mechanisms. These changes

are largely explained by channels insertion in or withdrawal from the cell membrane, but changes
in open probability might also occur due to changes in phosphorylation and redox state of
channel subunits. The functional consequence of variation in cell—cell communication via

these membrane channels is implicated in disease as well as normal cellular responses.

1. Introduction

Cells within an organism communicate with each other in a
number of ways. They may release hormones, neurotransmitters
and other molecules that act on distant cells (as in the endocrine
system) or nearby (paracrine actions, where there may also be
autocrine actions on the secreting cells). In addition, cell-cell
communication at chemical synpases is mediated by secreted
molecules. These types of intercellular communication require
the presence of specific receptors in responding cells. Usnally,
activation of metabotropic or ionotropic receptors is initiated
by ligand binding. The former type leads to the generation of
second messengers and possibly a cascade of events generating
cell-specific responses, and the latter type allows permeation of

“ Servicio de Anatomia Patoldgica, Clinica Alemana de Santiago,
Facultad de Medicina, Clinica Alemana - Universidad del Desarrollo,
Santiago, Chile

® Departamento de Fisiologia, Pontificia Universidad Catélica de
Chile, Alameda 340, Santiago, Chile. E-mail: jsaez@bio.puc.cl;
Fax: +56 26862862; Tel: +56 22225515

¢ Instituto Milenio, Centro Interdisciplinario de Neurociencias de
Valpavraiso, Universidad de Valparaiso, Valparaiso, Chile

4 Laboratorio de Fisiologia Experimental (EPhyL), Universidad de
Antofagasta, Antofagasta, Chile

¢ Department of Pediatrics, Section of Hematology/Oncology,
University of Chicago, Chicago, IL, USA

7 Department of Neuroscience, Albert Einstein College of Medicine,
Bronx, NY, USA

ions that may have signaling functions in addition to carrying
charge.

Intercellular communication can also oceur without the release
of substances to the extracellular space. Direct communication
between contacting cells can be mediated by specialized plasma
membrane structures termed gap junctions,! which contain
intercellular channels that directly connect the cytoplasms of
adjacent cells. Each gap junction channel is composed of two
hemichannels also called connexons. Intercellular communica-
tion through gap junctions allows for cell groups to share ions,
metabolites and second messengers. Thus, gap junctions permit a
coordinated response to a wide range of stimuli, even when some
cells in a coupled population lack receptors for a particular
extracellular signal. In addition, gap junction proteins can form
undocked hemichannels in non-junctional cell membrane,
enabling communication between cytoplasm and extracellular
milien. In this case, open hemichannels become routes for
autocrine/paracrine interactions throngh the diffusional trans-
port of small signaling molecules.

For more detailed information regarding structure and
functions of gap junction channels and hemichannels, readers
are referred to more comprehensive reviews published
elsewhere.? 7

Although hemichannels are formed of the same subunits as
gap junction channels and can have similar electrical properties
and permeability, mounting evidence indicates that the two

This journal is ® The Royal Society of Chemistry 2012
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Release of gliotransmitters through astroglial connexin
43 hemichannels is necessary for fear memory
consolidation in the basolateral amygdala
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ABSTRACT Recent in vitro evidence indicates that
astrocytes can modulate synaptic plasticity by releasing
neuroactive substances (gliotransmitters). However,
whether gliotransmitter release from astrocytes is nec-
essary for higher brain function in vive, particularly for
memory, as well as the contribution of connexin (Cx)
hemichannels to gliotransmitter release, remain elu-
sive. Here, we microinfused into the rat basolateral
amygdala (BLA) TAT-Cx43L.2, a peptide that selectively
inhibits Cx43-hemichannel opening while maintaining
synaptic transmission or interastrocyte gap junctional
communication. In vive blockade of Cx43 hemichan-
nels during memory consolidation induced amnesia for
auditory fear conditioning, as assessed 24 h after
training, without affecting short-term memory, locomo-
tion, or shock reactivity. The ammesic effect was tran-
sitory, specific for memory consolidation, and was
confirmed after microinfusion of Gap27, another
Cx43-hemichannel blocker. Learning capacity was re-
covered after coinfusion of TAT-Cx43L.2 and a mixture
of putative gliotransmitters (glutamate, glutamine, lac-
tate, D-serine, glycine, and ATP). We propose that
gliotransmitter release from astrocytes through Cx43
hemichannels is necessary for fear memory consolida-
tion at the BLA. Thus, the present study is the first to
demonstrate a physiological role for astroglial Cx43

Abbreviations: ATP, adenosine triphosphate; BLA, basolat-
eral amygdala; CL, cytoplasmic loop; CS, conditioned stimu-
lus; Cx, connexin; Cx43, connexin 43; DCFS, divalent cation-
free solution; Etd, ethidium bromide; GFAP, glial fibrillary
acidic protein; KO, knockout; LTM, long-term memory; LY,
Lucifer yellow; MAP, microtubule-associated protein; STM,
short-term memory; TAT-Cx43L2, TAT-associated connexin
43, L2 region mimetic peptide; US, unconditioned stimulus;
VAAC, volume-activated anion channel

0892-6638/12/0026-3649 © FASEB

hemichannels in brain function, making these channels
a novel pharmacological target for the treatment of
psychiatric disorders, including post-traumatic stress
disorder.—Stehberg, J., Moraga-Amaro, R., Salazar, C.,
Becerra, A., Echeverria, C., Orellana, J. A., Bultynck, G.,
Ponsaerts, R., Leybaert, L., Simon, F., Saez, . C., Reta-
mal, M. A. Release of gliotransmitters through astroglial
connexin 43 hemichannels is necessary for fear memory
consolidation in the basolateral amygdala. FASEB J. 26,
3649-3657 (2012). www.fasebj.org

Key Words: astrocyte - amnesia - gliotransmitters - learning

DESPITE THE POPULAR BELIEF that neurons are the
main constituents of the human brain, >90% of brain
cells are not actually neurons, but star-shaped glial cells
known as astrocytes. Their role—until recently—was
believed to be neuron sustenance, neurotransmitter
recycling, and maintenance of the blood-brain barrier.
In recent years, it has become increasingly evident that
their role in brain function may be more protagonistic
than previously thought.

Hundreds of astrocytes can be connected simultane-
ously to allow collective metabolic and electric cou-
pling, as well as calcium-wave signaling (1). Such in-
terastrocyte communication is attained by sharing
cytoplasmic content through special channels called
gap junction channels (2), each formed by 2 hemichan-
nels contributed by each adjacent cell (3). Each hemi-

! Correspondence: Laboratorio de Neurobiologia, Departa-
mento de Ciencias Biologicas, Facultad de Ciencias Biologicas
and Facultad de Medicina, Universidad Andres Bello, Santi-
ago, Chile. E-mail: jstehberg@unab.cl
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Food and Conspecific Chemical Cues Modify
Visual Behavior of Zebrafish, Danio rerio

Jessica F. Stephenson? Julian C. Partridge! and Kathleen E. Whitlock?

Abstract

Animals use the different qualities of olfactory and visual sensory information to make decisions. Ethological
and electrophysiological evidence suggests that there is cross-modal priming between these sensory systems
in fish. We present the first experimental study showing that ecologically relevant chemical mixtures alter
visual behavior, using adult male and female zebrafish, Danio rerio. Neutral-density filters were used to
attenuate the light reaching the tank to an initial light intensity of 2.3 x 106 photons/s/ m?. Fish were exposed
to food cue and to alarm cue. The light intensity was then increased by the removal of one layer of filter
(nominal absorbance 0.3) every minute until, after 10 minutes, the light level was 15.5% 10 photons/s/ m>.
Adult male and female zebrafish responded to a moving visual stimulus at lower light levels if they had been
first exposed to food cue, or to conspecific alarm cue. These results suggest the need for more integrative

studies of sensory biology.

Introduction

QUATIC ENVIRONMENTS are ideally suited for the trans-

mission of olfactory information,’”? and therefore fish
provide some of the best examples of this cross-modal interac-
tion. Female swordtails (Xiphophorus pygmaeus),3'4 sticklebacks
(Gasterosteus aculeatus)” and Mexican pupfish (Cyprinodon
spp.)° vary in their preference for heterospecific or conspecific
mates, depending on which sensory modality, vision or olfac-
tion, is stimulated. Similarly, darters appear to use olfactory
cues to locate their invertebrate prey, but require the visual
stimulus of movement to feed.”® Alarm cue is released from
damaged fish skin and provides reliable information about
predation risk in the immediate environment,® but the response
of the fish to it depends on a combination of chemical and visual
cues. Hartman and Abrahams'® found that fathead minnows,
Pimephales promelas, were more likely to respond to an olfactory
alarm signal in the absence of visual information about the risk
of predation. If olfactory cues were able to ‘prime’ the visual
sensory system, ' individuals would be less likely to miss visual
information, and more likely to act appropriately on receipt of
visual cues.

Since the discovery that olfactory stimulation causes an
electrophysiological response in fish retinae, it has been ac-
knowledged among many physiologists that the olfactory
and visual sensory systems are functionally linked.”>'* The

effect of an olfactory stimulus on visual sensitivity has to date
only been tested using amino acids. Maaswinkel and Li,*®
using a similar method to that employed here, tested whether
a range of isolated amino acids as olfactory stimuli enhanced
visual sensitivity during behavioral trials. Their results sug-
gest that although olfactory input does increase visual sensi-
tivity, this effect depends on the amino acid used. As well as
having different effects on vision, single amino acids can elicit
a variety of behaviors in zebrafish."*” How complex mix-
tures involving multiple amino acids and other classes of ol-
factory stimuli affect either vision or visual behavior is
unknown, even though such mixtures inform most aspects of
fish behavior.”

Zebrafish, Danio rerio, is an important model species for
analysis of visual behavior'®*! and olfactory behaviors,”>**
as well as the possible link between them.'® Zebrafish visual
behavior is being used to demonstrate the effects of drugs
(e.g., alcohol®™ and cocaine®™). Tt is therefore important to
characterize the factors that affect this behavior. In order to
understand better the potential interactions between visual
and olfactory sensory systems, we analyzed behavioral re-
sponses of adult zebrafish to food cue and conspecific alarm
cue.?® We show that the complex, ecologically relevant che-
mical mixtures of food cue and alarm cue affect visually-
mediated behaviors, although the neuroanatomical basis for
this interaction remains to be elucidated.

“School of Biological Sciences, University of Bristol, Bristol, United Kingdom.
2Centro Interdisciplinario de Neurociencia, Facultad de Ciencia, Universidad de Valparaiso, Valparaiso, Chile.
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Cellular Requirements for LARK
in the Drosophila Circadian System

Vasudha Sundram,*! Fanny S. Ng,*! Mary A. Roberts,* Carola Millan,"*
John Ewer," and F. Rob Jackson*?

*Department of Neuroscience, Center for Neuroscience Research, Tufts University School of Medicine,

Boston, MA, USA, "Tnterdisciplinary Neuroscience Center of Valparaiso,
University of Valparaiso, Valparaiso, Chile, and *Department of Science,
Facultad de Artes Liberales y Facultad de Ingenieria, Universidad Adolfo Ibafiez,
Vina del Mar, Chile

Abstract  RNA-binding proteins mediate posttranscriptional functions in the
circadian systems of multiple species. A conserved RNA recognition motif
(RRM) protein encoded by the lark gene is postulated to serve circadian output
and molecular oscillator functions in Drosophila and mammals, respectively. In
no species, however, has LARK been eliminated, in vivo, to determine the con-
sequences for circadian timing. The present study utilized RNA interference
(RNAI) techniques in Drosophila to decrease LARK levels in clock neurons and
other cell types in order to evaluate the circadian functions of the protein.
Knockdown of LARK in tinzeless (TIM)— or pigment dispersing factor (PDF)-
containing clock cells caused a significant number of flies to exhibit arrhythmic
locomotor activity, demonstrating a requirement for the protein in pacemaker
cells. There was no obvious effect on PER protein cycling in lark interference
(RNAI) flies, but a knockdown within the PDF neurons was associated with
increased PDF immunoreactivity at the dorsal termini of the small ventral lat-
eral neuronal (s-LNv) projections, suggesting an effect on neuropeptide release.
The expression of lark RNAi in multiple neurosecretory cell populations dem-
onstrated that LARK is required within pacemaker and nonpacemaker cells for
the manifestation of normallocomotor activity thythms. Interestingly, decreased
LARK function in the prothoracic gland (PG), a peripheral organ containing a
clock required for the circadian control of eclosion, was associated with weak
population eclosion rhythms or arrhythmicity.

Key words  clock output, posttranscriptional, RNA binding, locomotor activity, eclosion

In both prokaryotic and eukaryotic species, circa-
dian rhythms in biochemistry, physiology, and
behavior are governed by endogenous cellular clocks.
Feedback loops that drive rhythmic changes in gene
transcription are important components of the clocks

1. These authors contributed equally to this work.

governing circadian behavior (Hardin, 2005; Kadener
et al., 2008). However, there is evidence in several
species that certain types of circadian oscillators
can function in the complete absence of rhythmic
clock gene transcription (Lakin-Thomas, 2006;

2. Towhomall correspondence should be addressed: F. Rob Jackson, Department of Neuroscience, Center for Neuroscience
Research, Tufts University School of Medicine, 136 Harrison Avenue, Boston, MA 02111, USA; e-mail: rob.jackson@tufts.edu.
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We present a method to estimate Gibbs distributions with spatio-temporal constraints on spike trains sta-
tistics. We apply this method to spike trains recorded from ganglion cells of the salamander retina, in
response to natural movies. Our analysis, restricted to a few neurons, performs more accurately than
pairwise synchronization models (Ising) or the 1-time step Markov models (Marre et al, 2009) to
describe the statistics of spatio-temporal spike patterns and emphasizes the role of higher order
spatio-temporal interactions.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Modern advances in neurophysiology techniques, such as two-
photons imaging of calcium signals or micro-electrode arrays elec-
tro-physiology, have made it possible to observe simultaneously the
activity of assemblies of neurons (Stevenson and Kording, 2011).
Such experimental recordings provide a great opportunity to unra-
vel the underlying interactions of neural assemblies. The analysis of
multi-cells spike-patterns constitutes an alternative to descriptive
statistics (e.g. cross-correlograms or joint peri-stimulus time histo-
grams) which become hard to interpret for large groups of cells
(Brown et al., 2004; Kass et al., 2005). Earlier multi-cells approaches
(e.g. Abeles and Gerstein, 1988), focus on synchronization patterns.
Using algorithms detecting the most frequent instantaneous pat-
terns in a data set, and calculating their expected probability, these
approaches aim at testing whether those patterns were produced by
chance (Griin et al,, 2002). This methodology relies however on a
largely controversial assumption, namely Poisson-statistics (Pouzat
and Chaffiol, 2009; Schneidman et al., 2006).

A second type of approach has become popular in neuroscience
after works of Schneidman et al. (2006) and Shlens et al. (2006).
They used a maximum entropy approach model spike trains statis-
tics as the Gibbs distribution of the Ising model. The parameters of
this distribution are determined from the mean firing rate of each
neuron and their pairwise synchronizations. These works have

* Corresponding author. Tel.: +31 243652141; fax: +33 492387845.
E-mail addresses: jc.vasquez@sciences.ru.nl, jcvasquezbetancur@gmail.com (J.C.
Vasquez).

0928-4257/% - see front matter @ 2011 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.jphysparis.2011.11.001

shown that for a small group of cells {10-40 retinal ganglion cells)
the Ising model describes most (~80-90%) of the statistics of the
instantaneous patterns, and performs much better than a non-
homogeneous Poisson model.

However, several papers have pointed out the importance of
temporal patterns of activity at the network level (Abeles et al.,
1993; Lindsey et al., 1997; Villaet al., 1999; Segev et al., 2004a). Re-
cently, Tang et al. (2008) and Ohiorhenuan et al. (2010), have shown
the insufficiency of the Ising model to predict the temporal statis-
tics of the neural multi-cells activity. Therefore, some authors,
Marre et al. (2009), Amari (2010), and Roudi and Hertz (2010), have
attempted to define time-dependent Gibbs distributions on the
basis of a Markovian approach (1-step time pairwise correlations).
The application of such extended model in Marre et al. (2009)
increased the accuracy of the statistical characterization of data
with the estimated distributions.

In this paper we propose an extension of the maximal entropy
approach to general spatio-temporal correlations, based on the
transfer-matrix method in statistical physics (Georgii, 1988;
Section 2). We describe a numerical method to perform the esti-
mation of the Gibbs distribution parameters from empirical data
(Section 3). We apply this method to the analysis of spike trains
recorded from ganglion cells using multi-electrodes devices in the
salamander retina (Section 4). We analyze retinal spike trains
taking into account spatial patterns of two and three neurons
with triplets and quadruplets terms, and temporal terms up to
four time steps. Our analysis emphasizes the role of higher order
spatio-temporal interactions. Section 5 contains the discussion
and conclusions.
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ABSTRACT: New mutants of human influenza virus (A/HIN1) exhibit resistance to
antiviral drugs. The mechanism whereby they develop insensitivity to these medications
is, however, not yet completely understood. A crystallographic structure of A/HIN1
neuraminidase has been published recently. Using molecular dynamic simulations, it is
now possible to characterize at the atomic level the mechanism that underlies the loss
of binding affinity of the drugs. In this study, free-energy perturbation was used to
evaluate the relative binding free energies of Tamiflu and Relenza with H274Y, N294S,

and Y252H neuraminidase mutants. Our results demonstrate a remarkable correlation

between theoretical and experimental data, which quantitatively confirms that the mutants are resistant to Tamiflu but are still
strongly inhibited by Relenza. The simulations further reveal the key interactions that govern the affinity of the two drugs for
each mutant. This information is envisioned to prove useful for the design of novel neuraminidase inhibitors and for the

characterization of new potential mutants.

B INTRODUCTION

Influenza viral infections affect all populations of the world and
represent a leading cause of mortality in elderly and immune-
compromised populations. The 2009 A/HINI1 pandemic
clearly illustrated how drug resistant mutants can impact a
population before a vaccine is available.' Understanding the
mechanism of resistance of these mutants is likely essential to
the development of potent and effective antiviral drugs and,
therefore, of paramount importance for human health.

The influenza virus infects the epithelial cells of the
respiratory tract through two glycoproteins, namely hemag-
glutinin and neuraminidase, located in the virus capsid.
Specifically, neuraminidase interacts with sialic acid contained
in this cell type, allowing attachment of the virus and the
subsequent release of virion progeny.” Because the active site of
neuraminidases is highly conserved, it has been employed as a
target for the design of structure-based drugs. Two
neuraminidase inhibitors are currently utilized to combat viral
dissemination—namely, oseltamivir (Tamiflu), which binds the
active site by mimicking sialic acid and zanamivir (Relenza),
which is a sialic-acid derivative, wherein the 4-hydroxyl group is
replaced by a guanidinium group.® The effectiveness of these
antiviral drugs is, however, limited due to a high-mutation rate
of the influenza virus.

During the 2009 pandemic of the influenza virus (A/HIN1),
important mutations close to the active site were observed
(H274Y, N294S, and Y252H), causing a dramatic loss of

V ACS PUb"CatiOﬂS © 2012 American Chemical Society

binding affinity of Tamiflu and diminishing the efficacy of the
drug.* Similar mutations had already been reported for HSN1
neuraminidase,® which could be explained by the marked
sequence identity of the active site of both neuraminidases. In a
recent study by Collins et al,® binding and inhibitory
parameters were determined for Tamiflu and Relenza
interacting with the wild type and three mutants of H5N1
neuraminidase: (1) the H274Y mutant observed in patients
treated with Tamiflu,” showing a drug resistance 256-fold
higher compared with the wild-type virus; (2) the N294S
mutant isolated from patients treated with Tamiflu in viruses
containing N1 or N2 neuraminidase,® exhibiting a drug
resistance 81-fold higher than for the wild type; and finally
(3) the Y252H mutant isolated from infected patients, has not
been associated with clinical resistance, although experimentally
showed to be inhibited by Tamiflu, but not Relenza.” The rapid
emergence of drug resistance for both HSN1 avian flu and A/
HIN1 influenza virus, therefore, constitutes the primary
motivation for understanding its mechanism of action and
should lead to the development of potent antiviral drugs that
circumvent their resistance strategies.

Previous theoretical studies'®™"> have revealed the specific
interactions for both wild-type and mutants HSN1 neuramini-
dase bound to Tamiflu and Relenza. However, the recent
elucidation of the crystal structure of A/HIN1 neuraminidase 1

Published: September 17, 2012
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Review

Nitric oxide signaling in the retina: What have we learned in
two decades?

Alex H. Vielma®?, Mauricio A. Retamal’, Oliver Schmachtenberg™*
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ARTICLEINFO ABSTRACT
Article history: Two decades after its first detection in the retina, nitric oxide (NO) continues to puzzle
Accepted 27 October 2011 visual neuroscientists. While its liberation by photoreceptors remains controversial,
Available online 4 November 2011 recent evidence supports three subtypes of amacrine cells as main sources of NO in the
inner retina. NO synthesis was shown to depend on light stimulation, and mounting
Keywords: evidence suggests that NO is a regulator of visual adaptation at different signal
Vision processing levels. NO modulates light responses in all retinal neuron classes, and specific
Photoreceptor ion conductances are activated by NO in rods, cones, bipolar and ganglion cells. Light-
Amacrine cell dependent gap junction coupling in the inner and outer plexiform layers is also affected
NOAC by NO. The vast majority of these effects were shown to be mediated by activation of the
Soluble guanylyl cyclase NO receptor soluble guanylate cyclase and resultant cGMP elevation. This review analyzes
Light adaptation the current state of knowledge on physiological NO signaling in the retina.
© 2011 Elsevier B.V. All rights reserved.
Contents
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* Corresponding author at: CINV, Universidad de Valparaiso, Avda. Gran Bretana 1111, Casilla 5030, Correo 4, 2360102 Valparaiso, Chile.
Fax: +56 32 2508027.

E-mail addresses: schmachtenberg.uv@gmail.com, Oliver.Schmachtenberg@uv.cl (O. Schmachtenberg).

Abbreviations: 8-Br-cGMP, 8-bromo cyclic guanosine monophosphate; CNGC, cyclic nucleotide-gated channel; C-PTIO, carboxy-PTIO (NO
scavenger); Cx, connexin; DAF-2DA, 4,5-diaminofluorescein diacetate (fluorescent NO indicator); DAPI, 4',6-diamidino-2-phenylindole; DEA/
NO, diethylamine NONOate (NO donor); ERG, electroretinogram; GCL, ganglion cell layer; IBMX, isobutyl methylxanthine (phosphodiesterase
inhibitor); INL, inner nuclear layer; IR, immunoreactivity; IS, (photoreceptor) inner segments; 1-NAME, 1.-NG-nitroarginine methyl ester (NOS
inhibitor); I-NMMA, N5-[imino(methylamino)methyl]-L-ornithine, monoacetate (NOS inhibitor); NADPH:, nicotinamide adenine dinucleotide
phosphate; NOAC, NO producing amacrine cell; NOC-12, 1-hydroxy-2-oxo-3-(N-ethyl-2-aminoethyl)-3-ethyl-1-triazene (NO donor); NOS, nitric
oxide synthase; ODQ, 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin1-one (sGC inhibitor); OPL, outer plexiform layer; OPs, oscillatory potentials; OS,
(photoreceptor) outer segments; PIS, photoreceptor inner segments; PKG, protein kinase G (cGMP-dependent protein kinase); SEM, standard er-
ror of mean,; sGC, soluble guanylate cyclase; SIN-1, 3-morpholino-sydnonimine (NO donor); SNAP, S-nitroso-N-Acetyl-p,L-penicillamine (NO do-
nor); SNO-Cys, S-nitroso-cysteine; SNP, sodium nitroprusside (NO donor)
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Registration opening

Payment unlocking —
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sign in
% Workshop in Molecular
Simulation & Drug Design
28th November to 2nd December
LS Talca, Chile
- Organized by
> L O
This is somewhat embarrassing, isn't it?
It seems we can't find what you're looking for.
Perhaps one of the links below can help.
1. Home
2. About
3. News
4, Direct Links
5. Contact
sl

Abstract submission opening —

Workshop in Sii ion & Drug Design @ 2011

Centro de Bioinformatica y Simulacion Molecular (CBSM)
Universidad de Talca, Chile

Home | About = News = Directlinks | Contact
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Post graduate course
Dynamic Clamp:
N Y Playing with Models in

Real Neurons

Speakers:

Dr. Joel Tabak
Florida State University. Tallahassee FL, USA.

Dr. Lorin Milescu
University of Missouri. Columbia MO, USA.

( Y Topics:
; ./ Neurons and lon channels: biology and computational models
{ Hybrid computational-biological models
' Dynamic clamp applications
Introduction to QuB

Student tutorials on the computer

December 14-16, 2011
Instituto de Sistemas Complejos de Valparaiso

Orgonizers:

Dr. Patricio Orio

Centro Interdisciplinario de Neurociencia de Valparaiso CINV s T

Universidad de Valparaiso. * 7N \
N : * )

Dr. Patricio Rojas - /

Universidad de Santiago de Chile. umversioa L

L o vparass CTNV
Support Fondecyt — MECESUP — Iniciativa Cientifica Milenio — DICYT-USACH. = " ' - ¢

72



CINV- PROGRESS REPORT 2012
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Scents

- w}"?\Olfact/on From Molecule fo M/nd L m

Monday, April 16, 2012
9:30-17:30
Tom Baker, PhD, (USA) Peter Mombaerts, PhD, (Germany)
Joerg Bohlmann, PhD, (Canada) Ivan Rodriguez, PhD, (Switzerland)

Bill Hansson, PhD, (Germany) Andreas Schaefer, PhD, (Germany)
Brian Key, PhD, (Australia) Dieter Wicher, PhD, (Germany)

Introduction by Kathleen Whitlock, PhD, (Chile)

- g . : PC de V el
Universidad "—‘F— N a b Parque -
deValparaiso Cultural e - :

CHILE CINV Valparaiso : .

Organizer: Centro Interdisciplinario de Neurociencia (CINV) - Universidad de Valparaiso
Contact: secretaria.neurociencia@uv.cl - (56) 32-250.80.40
www.cinv.cl
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International Workshop

Participants: Juan Anaréds ana (Chile
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France) 8 Chile
JSA) ) Chile
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Organizers: Support:
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Small Brains, Big ldeas-PLUS

Neurobiological Insights from Invertebrates
International Symposium, November 6th, 2012
Valparaiso, Chile

Museo Nawval, 9:00 AM- 6:00 PR

% D

Seeding ideas for the future of science

Overview, John Ewer, Universidad de Valparaiso, Chile

Participants
Mark Alkema, UMASS Med, USA. Behavior in C.elegans

Vivian Budnik, UMASS Med, USA. Synaptic formation in Drosophila
Michael Francis, UMASS Med, USA. Synapse function in C.elegans
Carolina Rezaval, University of Oxford, UK. Behavior in Drosophila
Steven Reppert, UMASS Med, USA. Navigation in Butterflies
Brian H. Smith, Arizona University, USA. Learning in Bees
Scott Waddell, University of Oxford, UK. Learning in Drosophila

Registration afnd more information
wWwwismallbrains.org

E m ' iil{u”lﬁ- mMERICINA = & -
| UMASS i s :
| =% ]

llllll

Ccntau:tusatsbbll’lusw.cm 1 - sonnidons ' 2 L
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|;';"'< Carsirigen, Universidad
8 T o deValparaiso
CINV EHILE

Neuroscience
nees Valparaiso

Centro Interdisciplinario de Neurociencia de Valparaiso

November 27 - 28 2012
Parque Cultural de Valparaiso

Organization: CINV
Cooperation: Universidad de Valparaiso

Sponsors:

Arquimed

Parque Cultural de Valparaig
Embajada de Alemania
Sernatur

iy : Danilo Goreeales-Nilo (Chile)
\ 4 ' 4 * Francisco Bezanilla (LISA)
e -~ Miguel Holmgren (USA)
Participation: Tomids Pérez-Acle (Chile)
Iniciativa Cientifica Milenio ‘ \

. Gap Junctions:
fuan Carlos Séez (Chile)
Klaus Willeke (Alemania)
Ofiver Schenachtenberg (Chile)
Jimeny Stehberg (Chile)
Michael VL Bennet (L'SA)

Synapse and Neurotransmission
Ana Maria Cérdenas (Chile)
4 Erwin Neher (Alemania)
& Andrés Chivesz (USA)
Jedtrey Diamand (USA)
= Adrisn Palacios (Chile)

b ¥ . Genetic Control of Development
{9 . | and Behavior '
v Kathoyn Anderson (USA)

. sl B Timothy Bestor (USA)
ﬁ Ralph |. Greenspan (USA)
¢ John Bwer (Chile)

(. "}:’ Kathleen Whitlock (Chile)
Lt

f
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Annex /.3.
Articles and Interviews

Title: “The relationship between smell and emotion remains unanswered”
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Media: “Ya” Magazine, from newspaper “El Mercurio” (National)
Date: September 27, 2011

KATHLEEN WITHLOCK, NEUROBIGLOGA NORTEAMERICANA EN CHILE:

“LA RELACION
ENTRE OLFATO
Y EMOCION SIGUE
SIN RESPUESTA”

Académica de la Universidad de Valparaiso, Kathleen Withlock decidid realizar
su carrera en Chile y no en Estados Unidos, porque necesita “un sentimiento de
aventura”. Observa peces para descubrir cémo el sistema olfatorio regenera las
neureonas. Dice que el olfato es el tinico sentido que sigue siendo un enigma para
los cientificos, pero si estd comprobado que es el sentido “mds sentimental”,

For MARIA JOSE VIERA-GALLO.
¢ todas Ias incégnitas  Gendmica de fa Célula del proyecto brién favorito, Rudolf, zqué wpa.m-", N0 erd 1 prisera . i i die LA NEUROCIENCIA N
de la neurosiencia Milenio recientemente financiado poe el Kudolf emana unas I ES FASCINANTE, SORPRENDENTE

bay una que el mi- gobierno chileno. Tox ojos, una técni Kathleen sibe
P

Y PROFUNDAMENTE PERSONAL

croscoplo de Kathleen sarpressdesu propio cur- nica en Chile e, en palabras ficies, ue s empecn 3 dertibar mitos basta

Withlock (47) proba- jen v bapen  “iluming con fluorescente el interor de. vez de uno EL SISTEMA obliga 3 clegir.

blemente s resol- 15 ncuronas ativas de un animalito frisdy NERVIOSO ES ENTENDER QUIENES —2Cuiles fucron tus primeras impre-

verd: por qué, desds iransgeénico vivo” —Cuando alguicn e pregunta cn qué b siones sobre of submunda de I iencia?
b titutar del Centro de Neurocienia de ¥l laboratorio y las oficinas del Centro trabajas, qué dices? SOMOS, COMO NOSOTROS, —No muy divertidas, Ia verdad. De

I umvm..w« Valparaiso. Y\mhrén de Neurociencia dowde transita Knhl«—n —Que observo peces cebras para COMO LOS S HUMANOS
ender ech i IONAM
funcions o] cerebro hamano. A n..‘ o scrcar Darvin s s deabirmspici docrin, Bl sstema olatorio permite ver
blica muros de rascon, anotacioncs i Ias neuronas,
¢ en su compaia de (Grmulas, instrumentas, y también 33 que en ¢l hay un tipo de células tron-
a recorrer todos los p fetiches como n minicerebro de juguete cales que regeneran, y —C I
y una disciplina cada dia mds en ¥ un movil de peces de madera; un caos. el nmon dirsnt of crecinieno fa? Cudnda para n cumplsaios

Isbortorios noregmercanos, e han v en el mundo, que empezard 1 constru:  natural que recuerda que 4 verdadera humano, Pero Jo que mis me interesa diste i lopa envez de ura mues?  Que

lido varias becas de excelencia —entre ciencia tiene ¥ genalidad B s o sttaios 4 e cafon cheamposlaie livey  logia  dsarrolo
yum ro o para observar dd ireas que de cilculo y pretensicn. medio amblenie que nos enconiramas ¢ sempre tuve b ek s, Stk doci Mt

cebras que Kathleen se trajo-en “Soy muy hofa, me encantan mirar id edores, serpientes, insectos y pi-  guia, lerming aceptindor
mm. e Exaden Unidosjunto s et luces”, s e Kathen,aefindose desarrollo temprano el sistema nervioso,  figlines, que cran mis favoritos ¥ recogia  Tatorio porgue me iba bien
Tesmiem-  al findesu Nikon. del lago. ;Mi mams odiaba verlos debajo  (susurra cass con vergtienza que era ka

Title: “Valparaiso begins a race to become an international center for scientific research”
Media: Newspaper “El Mercurio” (National)
Date: November 24, 2011

<» NACIONAL . comtinT e

Lwi

Valparaiso inicia carrera para convertirse en
centro de mvestngaaén cientffica internacional
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Title: “Colossal portefio project” (Opinion column of the Mayor of Valparaiso)
Media: Newspaper “El Mercurio de Valparaiso” (Regional)
Date: November 14, 2011

o

Columna

Jorge Castro Alcalde de Valparaiso

“Este centro seri pivote de
nuestro proyecto Puerto Viejo,
que busca potenciar y poner en
valor el barrio fundacional de la
ciudad”

Colosal proyecto porteno

hace para insertarse en la Sociedad del Conocimiento.
La Ciencia v la Tecnologia han sido parte de nuestra
historia. Tenemos fortalezas naturales en ese campo.

Hay hitos memorables que lo confirman. Uno de ellos
acaecid el 28 de junio de 1968 cuando en el Hospital Naval el
doctor Jorge Kaplan Meyer puso a Valparaiso en las portadas
de todo el mundo con el primer trasplante cardiaco de Chile.

Hoy estamos a las puertas de otro logro gigantesco. De
la mano de un cientifico descomunal y de la Universidad de
Valparaiso surge en pleno Barrio Puerto el proyecto de un Ins-
tituto que serd pole mundial de investigacion v estudio para
los cientificos méis avanzados del planeta.

Ese hombre extraordinario, gran impulsor de la iniciati-
va es el doctor Ramon Latorre. Se trata de un portefio de co-
razon gue ha estado por dos décadas junto a nosotros en las
investigaciones de biologia marina en Montemar y se ha da-
do tiempo para explorar miltiples otros emprendimientos
en el campo de la ciencia.

El doctor Latorre debe ser el cientifico chileno mis cita-
do a nivel internacional. Es una autoridad en neurociencia;
una disciplina que esta a la vanguardia de las nuevas fronte-
ras de la investigacion. La neurociencia explora las claves de
lo que puede ser mafiana un ambito inimaginable de conoci-
mientos y progreso, incluidos la inteligencia artificial, la ro-
batica y toda una gama delsaber de tercera generacion que
puede ser, incluso, la cla un tercer Premio Mobel para
Chile.

Valparaisa potencia hoy su industria universitaria v lo

Y ese lider de tremenda magnitud comparte con noso-
tros; eligié a Valparaiso como su casa para grandes investiga-
ciones, pasea por nuestras calles y -en su tremenda sencillez-
comparte nuestra vida como un portefio mas. Juiere respe-
tuosamente levantar este centro internacional en el barrio
fundacional de Valparaiso, un poco como “pidiendoles per-
misa” asus vecinos por ocupar este espacio miy cerca de La
Matriz.

Hasta alli llegaran hombres de ciencia de todo el mundo
paradar vida a este exiraordinario centro cientifico. Lo enca-
bezari este portefio que tiene a todo el mundo como su cam-
po de operaciones; doctorado en la Universidad de Chile, y
también en las de Chicago v Harvard. Es toda una eminencia
que nos hace un gigantesco regalo.

Este edificio que tendra “techo verde” serd sede de con-
gresos, simposios y estard abierto a las organizaciones veci-
nales. Incluye un museo y acomodaciones para que adultos
y jovenes lleguen hasta este centro en busca de motivacian,
admiracion y didlogo con la ciencia y los investigadores de to-
do el mundo.

Con orgullo le hemos otorgado al doctor Latorre nues-
tra Medalla Bicentenario. Con el mismo orgullo hemos agra-
decido ala Universidad de Valparaiso este aporte que nos po-
ne atodos en el ranking mundial. Con orgullo afirmameos que
-una vez construido- este centro serd pivote de nuestro pro-
vecto “Puerto Viejo” que busca potenciar y poner en valor el
barrio fundacional de la ciudad.
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Title: “PUERTO DE IDEAS: The festival that introduces a new experience of culture begins
in Valparaiso”

Media: Newspaper “El Mercurio” (National)

Date: November 23, 2011
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Title: “Chileans participate in obtaining the first genome from an acarus”
Media: Newspaper “El Mercurio” (National)
Date: November 28, 2011

R VIDA e CIENCIA » TECNOLOGIA A7

Elaborado por la Asociacidn Estadounidense de Psiquiatria:

Nueva ediciéon de manual
sobre trastornos mentales
tiene locos a especia]jstas

En mayo de 2003 aparecent I versién actuslizads de
esta biblia para pelqulateas, neurdloges y peicdiogos

Hoy se discute qué nuevos trastormos deben ser -
inclubdos y cudles deben saliv 4°*

-

Descuenton en tiendas online
Hoy Chile tendrd su
propio Cyber Monday
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Sitho com actividades
Iglesia invita a preparar
la Navidad en la web

“Enfermo imaginario
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De la Universidad de Valparaiso:
Chilenos participan en el primer
genoma obtenido desde un dcaro

Analizaron a by araiita rofs, que afecta o mids de 1100 cultives de todo
el mundo, incluyendo Chile
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Actualidad

ELMERCURIO DE VALPARAISO| Miércoles 11 de enerode 201217

UV inaugura microscopio que
puede ver las neuronas en 3D

CIENCIA. Mads de $ 100 millones costo el instrumental que permitird estudiar con
mads detalle el sistema nervioso. Es el tercero que opera en el pais.

Christian Gonzélez G.
ciudades@mercuriovalpo.cl

on el objetivo de mejo-
c rar la capacidad tecnol6-
gica para la formacion
de estudiantes de posgrado,
ofrecer nuevas oportunidades
de investigacion con equipa-
miento de alto nivel y proveer
cobertura de microscopia con-
focal de barrido laser, se inau-
guré en la Universidad de Val-
paraiso el Laboratorio de Mi-
croscopia Avanzada de Fluo-
rescencia (Lamar), junto con
nuevas oficinas del Centro In-
terdisciplinario de Neurocien-
cia de Valparaiso (CINV).

Este ostentoso elemento
cost6 105 millones de pesos, y
fue financiado por fondos del
mismo establecimiento de
educacion superior en conjun-
to con el proyecto Fiac-Mece-
sup 2, siendo pionero actual-
mente en nuestra region, regis-
trandose solo dos de estos ob-
jetos en el pais (ambos en San-
tiago).
“El microscopio opera con
fluorescencia, esto quiere de-
cir que marcala célula y la ve
con el laser. Con eso obtene-
mos una mejor resolucién e
imagenes en tres dimensiones
y asi podemos mejorar las con-
clusiones relevantes para las
enfermedades. Su finalidad es
la de obtener investigacion de
punta en el sistema nervioso
basicamente, ademas de en-
tender y curar algunas enfer-
medades”, sefialo Oliver
Schmachtenberg, director del
proyecto.

FONDOS
Las obras realizadas en el in-

EL MICROSCOPIO PUEDE VER CELULAS DE UN MICRON, ES DECIR, DE UNA MILESIMA DE MILIMETRO.

$105

millones costé el micros-
copio que sera utilizado pa-
rafines cientificos.

$230

millones fue el monto de
inversion en el Laboratorio
de Microscopiade la UV.

mueble del pasaje Harrington
se realizaron gracias a una in-
version de 35 millones de pe-
s0s, los que fueron aportados
por el CINV y la misma univer-
sidad, siendo el responsable de
esta iniciativa, el director del
centro, doctor Ramon Latorre,
quiense mostro muy agradeci-
doala universidad por la fina-

lizacion de los trabajos y la en-
trega de los mismos.

ALEGRIA
La habilitacion de las nuevas

p
b

sarrolla en el CINV. Para noso-
trossetrata delarealizacion de
fines piiblicos, producir cien-
cia y conocimiento es aportar

_PABLOTOMASELLO

& \
LOS NIROS “CAPEAN" EL CALOR EN LAS FUENTES DE AGUA EN VINA.

Olade calor sube los
termometros sobre los
35° en algunas zonas

VINA DEL MAR. Altas temperaturas de la
region seguirian durante todo enero.

ste verano ha sido muy

E calurosoy un ejemploes

que en el sector costero

la temperatura alcanzaria hoy

los 25° C, seg(n las proyeccio-

nes de la Direccion Metereol6-

gica. Peor seré para Los Andes

el jueves, cuandolamaxima al-
cance los 35°alasombra.

Gn eljefedel

“Durante el mes de enero las
altas temperaturas se manten-
drian mientras haya viento,
que no permite que se forme
la vaguada costera”, asegur6
Diaz.

Lagente en las playas trata
de capear el calor de lamejor
forma. Losrociadores de agua,

teorologico de Valparaiso, Ro-
berto Diaz, esto se debe a que
hay una ola de aire calido pro-

al ", agrego

oficinas del CINV
plena alegria entre quienes
asistieron a la actividad desa-
rrollada en la casona del pasa-
je Harrington, a un costado de
la facultad de ciencias de la U.
de Valparaiso, ya que en éstas
sellevaran a cabo una serie de
trabajos que generaran mayo-

elrector 3
Aldo Valle.

Para el alcalde de Valparai-
S0 “esto es altamente prove-
choso, i ver con

delnorte del pais, que
provoca un incremento de la
sensacion térmica.
“Este es un fenémeno cicli-
co, que varia dependiendo de
los si Podrian

ontale:

la apuesta de una universidad
para dotar un centro con equi-
Ppos que permitan que los me-
Jjores puedan estar haciendo
ciencia. También estd laapues-

pasar los dias y meterse una
cuiia de aire frio, que haria
cambiar el clima a nublado”,
explico el o

ylos

son los favoritos de quienes
acuden a los balnearios para
disfrutar de los dias soleados.
Los mas felices son los comer-
ciantes que tienen sus negocios
enlos balnearios.

Cecilia Martinez arrienda
quitasoles a los bafiistas y ase-
gura que han aumentado este
afo:“lagente tratade proteger-
se mas, incluso hay personas
que cuandoya no hay arriendo

“La

res espacios para il
res y personal de apoyo del
mismo centro.

“Para la universidad es

tadelauniversidad por larecu-
peracion, ya que donde vaa es-
tar cobijado el centro tiene una

‘muy grati quep
contribuir a revitalizar un ba-
rrio comoes el cercanoal pasa-
je Harrington, y luego hacerlo
para el desarrollo de la ciencia
dealtonivel comola que sede-

importante. El Pa-
saje Harrington es un conjunto
de casas muy tipicas de la ar-
quitectura portefia”, declaré el
Jjefe comunal de Valparaiso,
Jorge Castro. 3

DGA hace positivo balance de acuerdo
para el uso de las aguas del rio Aconcagua

QUILLOTA. Segtin el organismo, ha permitido abastecer a los regantes de la zona.

asdistintas secciones del
L Tio Aconcagua han cum-
plido el convenio que
permite el uso e las aguas, lo
que se suma a un aumento de
las labores de control de parte
dela DGAy de la Direccion de
Obras Hidréulicas (DOH), de
acuerdo a un informe emana-
do de estos organismos.

El control se inicio el pri-
mer fin de semanade eneroy
contempla mas personal para
la vigilancia del cierre de los
canales en los distintos pun-
tos de la cuenca del Aconca-
gua.

Esta iniciativa especial tuvo
uni iti 1

“Ya hubiésemos
querido estos niveles
de agua antes del
movimiento. Si el
logro era tener agua,
esta cumplido”
Alex Salazar
Presidente canal Hijuelas

Elfin de semana el caudal
promedio registrado fue de
19,5 m3/s, cifra menora la se-
‘mana pasada donde se prome-
di6 un caudal de 27,4 m3/s, sin
embargo el agua llego casi inte-
gro desde la cabecera de la
cuenca hasta la tercera sec-
io i el cum-

plimiento del acuerdo, perci-
biéndose un mayor respeto
porloshorarios de cierre de las
compuertas que el registrado
enlas semanas previas.

cion, verifica
plimiento delacuerdo por par-
tedela primeray segundasec-
cion delrio.

El promedio del domingo
fue superior al caudal registra-

do en la estacion Chacabuqui-
to, ubicada en el inicio del rio.

canal Hijuelas, quien afinesde
diciembre firmé un acuerdo
con el MOP para velar por el
cumplimiento del convenio,
asever6 que pese a que hay
buenos r mantie-

MOP ES GARANTE
En total, 43 monitores se des-
pleg: los tr del rio

‘Aconcagua para vigilar que las
condiciones del acuerdo sean
respetadas por los regantes, a
fin de permitir el acceso al
agua. Este equipo es el encar-

gado de denunciar irregulari-
dades y levantar posibles con-
tingencias.

El Ministerio de Obras Pu-
blicas actiia comogarante dela
ion de los fli

nen en estado de alerta.

“ALERTA CONSTANTE”
“Cuando tenemos a mas de 30
personas con facultades de ce-
TTar compuertas, es practica-
mente una intervencion pe-
queia, que es lo que estaba-
mos pidiendo, intervenir los
canales que no cumplen. Hay
1 h lid

P
vocan una evaporacion del ai-
rey ahi viene la vaguada coste-
ra, entonces cambiaria todo el
panorama”, preciso. Pero para
tranquilidad de quienes hoy
disfrutan de sus vacaciones en
la playa, el clima y la tempera-
turano descenderian mientras
le factor viento esté presente,

deq I van porque el
calory el sol estan muy fuertes.
Yanose puede estar expuesto
al sol sin una proteccion”.

Turistas provenientes de
Bueno Aires, aseguran que si
llegan a las dos de la tarde ala
playa, alas cinco tienen que ir-
se porque no dan mas con el
calor. E insisten en la impor-
tancia del protector solar. 3

RODRIGO BAEZA

ELFIN DE SEMANA AUMENTA EL CAUDAL DEL RiO ACONCAGUA.

canal Hijuelas ha tenido un
buen caudal para el riego.

“Ya hubiésemos querido
estos niveles de agua antes del

pe-

que han los regan-

nalerta constante

tes del rio Aconcagua, que in-
cluso motivé una manifesta-
cion y la solicitud de interven-
ci6n por parte de los producto-
res de la provincia de Quillota.

Alex Salazar, i del

paravigilar que elagua llegue a

los regantes de la zona y poder

regar sus cultivos”, Alex Sala-
zar.

El dirigente explicé que los

Gl d el

i el logro del mo-
vimiento era tener agua, esta
cumplido”, dijo Salazar.

Para complementar el
acuerdo de los regantes, el 20

“Laidea es poder iniciar el
aporte de los pozos, cuando
comienzaa bajar el caudal pro-
ducto de los deshielos, enton-
ces poder trabajar con el agua
que venga en el rio, mas la
compensacion de los pozos”,
dijo el seremi de Obras Publi-
cas Pedro Sariego. Esta agua se-
ra i ésdeun ca

de enero deben a

operar los pozos profundos de

Curimény

nal6n directamente ala terce-
raseccion. ©3



Title: “Three national price winners launch the Explora year”
Media: Newspaper “Diario Austral” (Regional)
Date: March 29, 2012

& Actualidad

Tres premios nacionales
dieron inicio al ano de Explora
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Title: “The stubbornness of Latorre”
Media: Magazine “Que Pasa” (National)
Date: January 2012

LA PORFIA DE

2 R K
E Premio Nacional de Céencias Famdn Latorre reparte su tiempo
entre vigjes arwales pare dictar clases en la U. de Chicago,
conferencias y, mds que nada, su labor como director del Centro
Interdisciplinario ele Neurociencia de Valparaisa. Ahf estd puesta su

verdadens obsesidn. Su suedio es instalar el nuevo CINV en ol Edificio
Severin, hoy una mds de las ruinas del barrio Puerta

[0t Praaito amiys 7 Wistor Kateban Xiskigs)
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Title: “Valparaiso at the forefront of neuroscience”
Media: Magazine “Tell” (Regional)
Date: April 2012

Valparaiso,

El Laboratorio de
Microscopla Avanzada
de Fluorescencia
(LAMAF) es un conjunto
de equipos que permite
analizar en detalle las
caracteristicas de las
neuronas.

a la vanguardia de la neurociencia

En una tradicional casona de Playa Ancha, un grupo de cientificos del Centro Interdisciplinario de
Neurociencia de la Universidad de Valparaiso investiga cémo funcionan el sistema nervioso y las
neuronas que nos permiten relacionarnos con nuestro medio ambiente.

parte de sus esfuerzos a estudiar la estructura genética de

Drosophila, la mosca del vinagre. Lo hizo en la Universidad de
Brandeis, en Boston, donde se doctoré en Neurogenética en 1991, y
mas tarde como profesor asociado en la prestigiosa Universidad de
Cornell. ¢Por qué ese interés en el ADN de un insecto? Porque alli,
dice, podria estar la clave para entender algunas de las légicas de fun-
clonamiento del sistema nervioso de todos los animales, incluyendo el
de los seres humanos.

D urante los ultimos veinte afos, John Ewer ha dedicado buena

“La Drosophila -0 mosca del vinagre, precisa- tiene bastante mas en
comun con los seres humanos de lo que se podria creer; por ejemplo,
investigaciones que en 1995 culminaron en un Premio Nobel en
Medicina, mostraron que la forma en que se desarrolla el embrion de
la mosca tiene piezas similares al de casi todos los animales. Por eso
los llamamos sistemas modelo; en general, los seres vivos tienen
numerosos componentes comunes y también l6gicas comunes de fun-
cionamiento. Se podria decir que todos tenemos algo de mosca,
somos variantes de un diseno similar”, explica Ewer.

Hace algunos anos, sin embargo, este chileno con pinta y acento de
gringo abandon6é su envidiado puesto en la costa este de
Norteamérica y volvié a nuestro pais. En una casona de Playa Ancha,
junto a una decena de investigadores permanentes, un pufado de
cientificos asociados y decenas de estudiantes de posgrado, da vida al
Centro Interdisciplinario de Neurociencia de la Universidad de
Valparaiso (CINV-UV), que nacié en 1999, al alero de la Facultad de
Ciencias de dicha casa de estudio, y hoy se ha convertido en un nicleo
cientifico de primer nivel que, en sus propias palabras, poco tiene que
envidiar a los mejores del planeta.

"El concepto de neurociencia es reciente y se refiere al conjunto de dis-
ciplinas interesadas en el estudio del sistema nervioso, que tratan de
responder a preguntas tales como el origen del lenguaje, nuestra habili
dad por la matematica, por qué vemos los colores o sentimos el frio,
c6mo aprendemos y memorizamos; en breve, el origen de la conciencia”,

anade Adrian Palacios, doctor en Neurociencia de la Universidad de
Pierre y Marie Curie (Paris V1), ex investigador de la Universidad de Yale
y uno de los creadores de este instituto. “Se trata de entender como a
partir de un ensamble de millones de células que forman el cerebro se
genera nuestra conciencia, nuestra manera de sentir, de aprender o
de olvidar”.

CIENCIA BASICA

En el CINV-UV conviven especialistas de distintas areas: biofisicos,
neurobiblogos, genetistas y bioinformaticos. Un denominador comuin
es que todos hacen ciencia basica, es decir, no aspiran a que sus avances
o descubrimientos se transformen en productos o aplicaciones, sino
que sirvan para responder preguntas que abran nuevos caminos en el
desarrollo de la ciencia. Algo que muchas veces es dificil de comprender
en un pais donde casi todos los parametros de éxito estan ligados a
resultados inmediatos y, mejor aun, rentables.

“Entender el funcionamiento de un 6rgano es prerrequisito para entender
a un 6rgano enfermo y, desde esa perspectiva, todas las preguntas
relativas al sistema nervioso, o endocrino, son validas. Desde el punto
de vista practico, las curas para las distintas enfermedades se han
descubierto gracias a que alguien, antes, investigé el organismo y nos
permitié saber como operaba. Por otro lado, la conexién entre el cono-
cimiento basico de un sistema biolégico y su aplicacion es una cosa
que yo califico como magica. No hay ningln pais en el mundo que haga
buena innovacién si no tiene buena ciencia basica. Las dos cosas
estan enhebradas, salen cuando tienen que salir. Uno no puede forzar
las cosas, no puede decir ‘vamos a curar el cancer’, porque se han
gastado millones y millones de délares para ello y los primeros avan-
ces, justamente, han venido de la ciencia basica”.

Quien asi habla es Ramén Latorre. Doctor en Ciencias de la
Universidad de Chile —uno de los primeros que hubo en el pais—,
Premio Nacional de Ciencias en 2002, miembro de la Academia de
Ciencias de Estados Unidos, investigador de la Universidad de
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Title: “Lack of advanced human capital hinders national development”
edia: Magazine “Universidad de Talca” (Regional)
Date: April 2012

UNIVERSIDAD DE TALCA

PREMIO NACIONAL DE CIENCIAS. RAMON LATOREE, IN INAUGURACION DE ARO 2012

Escaso capital
humano avanzado
dlﬁcultara desarrollo
del pais
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Title: “A natural animal model for Alzheimer's disease”
Media: Magazine “Pour la Science” (International)
Date: August 15, 2012
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Title: “Chile's largest computer doubles the processing capacity in science”
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Tendencias
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»» Desde una
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seoperael p
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lide la habitacién

1

ealizarun calculo

donde el computadores
alojado.

do para la investigacion. roro: patricio FUENTES

Computador mas grande
de Chile duplica capacidad
de cdlculo para ciencia

» Proyecto de Unaby UV serd
inaugurado hoy y se usard para

nanotecnologia.
Axel C| Z que hoy se inau-
gura en el Centrode Bioinfor-
Es tan grande que se necesita mdtica y Biologia Integrativa

una habitacién de seis metros
cuadrados entera para alojar-
lo y sélo puede manejarse
depie. Surapidezestal quees
capaz de hacer en un dia el

de la U. Andrés Bello, en el

» Calcula en un dia lo que un PC
comun haria en cuatro afios y

medio.

Danilo Gonzélez-Nilo, director
del Centro de Bioinformadtica
y Biologia Integrativa de la
Unab, estuvo encargado del

cdlculo que un
normal realizarfa en cuatro
afios y medio. Y usando sélo
un tercio de su capacidad.

Se trata del nuevo super-

campus Repuiblica, y que lo  proceso de creacién de este
convierteenelmasgrandede  computador, bautizado como
Chile. Unainiciativarealizada  Nano Biotech por elusoque se
conel Centro - le tiene pl do dar. “Su
riode delaU.de creacién tomoé seis meses y
Valparafso y que permite a  fue encargado a Estados Uni-
nuestro pais avanzar en in- dos cuenta a La Tercera.
vestigacionde Silicon Graphics,
y nanotecnologia. memhzzda en el desarrollo

deeste tipode equipos, cre el
computador alamedidadelas
necesidades del centro.

¢Cudlesladiferenciaconun
computador tradicional? Estos
equipos no estdn disefados
para correr programas tradi-
cionales, sino que para reali-
zar cdlculos intensivos, simu-
laciones y analizar grandes
cargas de datos.

“Nuestros estudios requie-
ren evaluar, por ejemplo, la

Personas con altos niveles de azucar
en la sangre se les achica el cerebro

Un nuevo estudio realizado
por cientificos de la U. Na-
cional Australiana, en Can-
berra, demostré que las
personas que tienen altos
nivelesde azicarenlasan-
gre -sin ser diabéticos atin-
tienen un mayor riesgo de
encogimiento cerebral: un
fen6meno que ocurre pro-
ducto del envejecimiento y
algunas demencias.

“Numerosos estudios han
demostrado una relacién
entre la diabetes tipo 2y la
contraccién del cerebro y
lademencia, pero nosabia-
mos mucho acerca de si las
personas con un nivel nor-
mal de azicar en la sangre,
aunque en su limite mdxi-
mo, tienen los mismos efec-
tos”, dijo el autor del estu-
dio, Nicolds Cherbuin.

Para comprobarlo, siguie-
ron a 249 pacientes entre
los 60 y 64 afios que tenfan
un rango de azucar en la
sangre considerado normal,
de acuerdo a la definicién
dela OMS. Esdecir, de has-
ta110 mg/dl. A todos ellos se
les hizo un escdner cerebral
al inicio del estudio y otro
cuatro afios después. Tras
comparar las imdgenes con

la cantidad de azucar pre-
sente en la sangre de los
participantes en ayunas,
observaron que aquellos
que estaban mads cerca del
limite eran mds propensos
a tener una pérdida en el
volumen cerebral entreun
6%yun10% enlasdreasdel
hipocampo y la amfgdala
implicadas en lamemoriay
habilidades cognitivas, en

G

meses tard6 su construccion,

meunPCtardaﬂaAanasy acargode laempresaSilicon
medio. Graphics.
COMPARACION

interaccién que tienen miles
dedtomos. Un cdlculo normal
requiere unos 500 mil 4tomos
interactuando entre sf, lo que

Elmés répido del mundo
Con1.572.864 nicleos de pro-
cesamiento, el Sequoia, ubi-
cadoenEE.UU., es el super-
computador mas veloz del
mundo. Se usa paraanalizar
datos cientfficosy simulacio-
nesdearmasnucleares.

Alservicio del petréleo
Los supercomputadores tam-
biénsontiles enlaindustria.
ElGrifo04, de Petrobras, en
Brasil, es elmas poderosode
Sudamérica (17.408 nicleos).
En investigacion cientificael
cetroesdel Tup, Brasil,
(31104 nucleos).

Elantiguo récord

Elafo 2010, laUniversidad
deChileestrené el IBMiDa-
taPlex, un supercomputa
dorde 600 nucleosy1.500
GB dememoria RAM.EL
equipo hasidousadoen cal-
culos climéticos y también
astronémicos.

en 2010 se le sumé el de la
Universidad de Chile, con cer-
cade 800.

precisa equipos dedicados a  Investigaciones

ese andlisis”. El uso de este computador serd
Allies donde entran en ]ue~ bésicamente para el estudio de

80 sus esp y

computador posee 1.536 mi» Unode sus primeros proyectos

cleos -0 cores- de procesa- serd entender c6mo actia el

miento y 1.024 GB (3TB) de calory el dolor a nivel molecu-

memoria RAM. Los primeros  lar con el fin de producir en el

sonlosquese dedicanalave-
locidad y complejidad del
cdlculo, mientras que la me-
moria RAM permite ir acu-
mulando mds informacién

futuro inhibidores del dolor,
por ejemplo, para pacientes
que sufren osteoporosis.
También se usard en la
aplicacién de nanomedicina;

calculadasin queéstasevaya  esdecir, lacreacionde farma-
“atorando” y haga lento el cosqueactiananivel molecu-
proceso. lary que son particularmente
Para hacerse una idea, un  efectivosenel tratamientodel
computadordeescritoriopro-  cdncer, por ejemplo.
medio posee hoy dedosacua- Los planes para la maquina
tro nicleos de p: yaestdn el préxi-
toy cuatro GB deRAM. mo afio se lanzard un concur-
“Con este computador al so para que los interesados
menosseduplicardlacapaci- puedanaplicary hacersus cél-
daddecdlculodelacienciaen culos en el computador.
Chile”, dice Gonzdlez-Nilo, “Nuestra idea no es dejar ob-

quien ya habfa trabajado ar

soletos a los actuales equipos,

mando el super
de la Universidad de Talca,
que posee 300 micleos, al que

comparacién con aquellos
que tenfan los niveles de
azicar mds bajo.

“Estos hallazgos sugieren
que, incluso para las perso-
nas que no tienen diabetes,
los niveles de azicar en la
sangre podrfan tener unim-
pacto en la salud del cere-
bro”, dijo Cherbuin.

Aungque no est4 totalmen-
te descrito el mecanismo
que hay tras el fenémeno, se
sabe que el aziicar aumen-
ta los niveles de cortisol, la
hormona del estrés, la que
tras permanecer por largo
tiempo en alta cantidad,
provoca muerte neuronal. @

sino que yau-
mentareste tipode investiga-
ciones en Chile”, dice.®

Dr. Nicolds Cherbuin
U. Nacional Australiana
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Title: “Chilean rodent becomes a model for studying Alzheimer and other diseases”
Media: Newspaper “El Mercurio” (National)
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Habita exclusivamente en la zona centro-norte del pais:

Roedor chileno se convierte en modelo para
estudiar el alzheimer y otras enfermedades

En laboratorios de diversos
paises, el afable degu (Octodon
degus) se estd utilizando para
estudiar diabetes, cataratas,
tumores y conductas como el
apego y la crianza.

PALLALEICHTON K.

la cldsica rata de laborato-
rio le salid competencia
‘made in Chile". El degu
(0 drgus), un peque-
fio ¥ sociable roedor native de la zo-
na centro-norte del pais, ha ido ga-
nando terreno comao modelo de estu-
dio de enfermedades v conductas so-
ciales humanas (ver recuadro).

En agosto, la prestigiosa PNAS, de
la Academia de Ciencias de EEUU.,
tuvy a este pariente de la chinchilia
entre sus pdginas, Investigadores va-

lidaron su use para estudiar las eta-
pas iniciales de la enfermedad de al-
zheimer, patologia que Jos degus de-
sarrollan en forma natural, adiferen-
cla de las ratas y ratones de
laboratorio tradicionales, a los que se
les debe inducir genéticamente para
estudlarios
Un articulo sobre el estudio se
convirtié en uno de los mas comen-
tados del mes en Alzheimer Rese-
arch Forum, el principal
fory en linea de ex-

Adridn Palacios (izq.) y Alvaro Ardiles estdian el alzheimer en dequs. Descubrieron que caractenisticas maturales de estos
roadares pueden ayudar a b deteccidn precoz de esta patokigia neurcdegenerativa

pertos en la materia. Y en las proxi-
mas semanas, la revista Cold Spring
Harbor Protocols —dedicada a la di-
vulgaciin de métodos de investiga-
cidn cientifica

ticulos desta-

cando al degu como un animal cuya
similitud biologica con el humano 1o
convierte en una especie ideal para
estudiar capacidades mentales supe-
rlores, como aprendizaje v memoria,
e investigar numerosas enfermeda-
des v posibles terapias para tratarlas,

El degu se estd usando en labora-
torio porque desarrolla en forma na-
tural patologias como diabetes, cata-
ratas, alzheimer y algunos tipos de
tumores. Asimismo, a diferencia de
arata, tiene su actividad midxima de
dia, por lo que su ritmo circadiano es
bastante similar al humano”, explica
Adridn Palacios, profesor del Centro
Interdisciplinario de Neurociencia
de la Universidad de Valparaiso.

El investigador es coautor de
articulos en ambas revistas junto a

esti utilizando el roedor chileno, al
igual que en Alemania, Holanda, Es-
pana, Japon e Inglaterra

Modelo completo

En 2005, ¢l degu logrd notoriedad
cuando por primera vez e publicd

dio que 1o describia como el primer
roedor silvestre que serviria como
modelo para estudiar alzheimer, Es-
tw, tras descubrir que al envejecer, a
Jos dos o tres aios de vida, acumula-
ban en ¢l cerebro beta-amiloide y
proteina tau, caracteristicas de la en-
fermedad

“Sobre todo cuando lo sacas de su
medio natural y empieza a comerali-
mentos con azucares, el degu se en-

EETCRTTOTT

"Una especie
amigable

"El moda de vida de Ic
semeja al de los huma
cestrales, con habitos
donde diferentes grup
liares coexisten en un
poblacion, con gran n
entre individuos de dif
familias®, destaca Rac
quez, investigador del
de Ecologis y Blodiver
Depto. de Ciencias Eo
|2 U. de Chile

La arganizacidn socisl
el apego, la angustia d
cidn, el juego y 1a crar
nitaria son algunas de
ductas del dequ que s
dizda en Chile y en el e
Sus depredadores son
aves rapaces, como
peucos. “Si bien en co
naturales raramente »
€l afio de edad, en cau
pueden llegar a vivie €
eincluso 10%, sefiala \

-

tor principal de esa iny
director del Centro de E
to ¥ Regenerac

Adridn Palacios agre

ciente estudio en PN
como ¢l primer modelo
ral para estudiar esta
neurodegenerativa, ir
sus etapas mis precoce

“Como es posible .
también puede usarse p
comao los camblos a niv

relacionan con modific
conducta, por ejemplo
dad de reconocer objety

Adema:
macos para recuperar
ciones, una ifnea que
junto al laboratorio d
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8| Actualidad

EL MERCURIO DE VALPARAISO | Jueves 20 de septiembre de 2012

Cientifico porteno analiza roedores
chilenos para terminar con el Alzheimer

VALPARAISO. El pequerio animal (Octodon degus), endémico de nuestro pais, presenta durante su
envejecimiento los sintomas cerebrales mds comunes de la enfermedad.

José Ossandon

jossandon@mercuriovalpo.cl

n roedor nativo de
u nuestro pais podria ser
la solucion para termi-
nar con el mal de Alzheimer.
Asilo establece un reciente es-
tudio hecho en el laboratorio
del investigador Adrian Pala-
cios, del Centro Interdiscipli-
nario de Neurociencia (CINV)
de la Universidad de Valparai-
0, que fue publicado reciente-
mente en la prestigiosa revista
Proceeding of National Aca-
demy of Science.

Segtn el andlisis elaborado
en esa Institucion, el pequeiio
animal chileno (Octodon de-
gus) presenta durante su enve-
Jjecimiento los sintomas cere-
brales més comunes de la en-
fermedad neurodegencrativa
detipo Alzheimer.

El modelo propuesto per-
mitird el estudio de los meca-
nismos neurobioldgicos pre-
cisos involucrados y el ensayo
de agentes protectores de es-
temal.

Cabe consignar que el

. b

3 £ ok -
EL ROEDOR PRESENTA DURANTE SU ENVEJECIMIENTO LOS SINTOMAS CEREBR)

‘“‘Quedan aiin importantes etapas”

®75i bien hemos avanzado un gran paso en establecer un

T SRS —

ALES MAS COMUNES DEL ALZHEIMER.

hitos de la enfermedad de
Alzheimer.
Por ejemploen el “conejillo

Izheimer es un p de  buenmodelod quedan atin impor- de India” o cuye, el precursor
salud publicamayoryafectaa  tantes etapas para iniciar Ia validacion de un diagnosticopre-  APP de la proteina R-amiloide
millones de personas alrede-  coz como el usode medndns rerapeuucas queapaciglien los es idéntico al del humano. Y el
dor del mundo. efectos dela i delCentro  cuye presenta acumulacion de

Interdisciplinario de Neuvozlem:la dela UV, Adridn Palacios. Ramiloide en su cerebro.
ORIGEN = b , nose ha des-

Se conoce que en cerca del 2%
de los casos el origen de la en-
fermedad se relaciona conal-
gan factor genético de tipo fa-
miliar; aunque, en definitiva, el
98% de las situaciones es espo-
radtico, sin causas conocidas.

crito en ef cuye la presencia de

.
LAS MENORES SON DE LIMACHE.

Violentoatracoa
menor de 15 afios
en la playa El Sol

de del Mar

esemidesnuda y totalmente
shockeada fue encontrada ayer
una menor de 15 aflos, quien
suffi6 el robo de casi la totali-
dad de su vestimenta en la pla-
vaElSol de Vina del Mar,donde
fue atacada por tres ninas
oriundas de Limache, quienes
violentamente le arrebataron
sus prendas.La victima llego de
madrugada al balneariojuntoa
una amiga, tras disfrutar de kas
celebraciones de Fiestas Patrias
en el Sporting Club. Tras recibir
un llamado de alerta al fono
134, personal de la PDI se cons-
tituyé en el balneario y junto a
la afectada dieron con el para-
derp del grupo de nifas.Las
menores, de entre 15y 17 afios,

va delas personas, gcn(‘ncas que expresan pro-  otros

En etapas mas el B-amiloide, cu-  dela d
estas proteinas forman cmu-  ya toxicidad fue previamente
los de fibras (placas) que sede-  establecida. CONSECUENCIAS

positan de manera intra y ex-
tracelular en neuronas, ahun

Sin embargo, un problema
frecuente en csm [ipudcmod("

Hace algunos afios el laborato-
rio del doctor Nibaldo Inostro-

fueron trasladadas hasta el juz-
partir de 36 meses, el degus | gadode Garantia. 3
presenta un deterioro de su
memoria espacial y la de reco- &
nocimiento de objetos, algo si- Sujetn dlsparo
milaraloqueocurreenloshe- | contra un
manos”, explicd el doctor
Adridn Palacios. mbln.em -en
Sostuvo que “juntoa esto, pm via Wblh
ocurre desde temprana edad
acumulacion de la proteina B OCun una bala incn.&ada ensu
Y

ds | cereby imal. Cu- GS.L.,de
rioso en entender las bases | 36aflos, qlumdqmﬂc\“m un

i del deterioro

cognitivo, estudiamos las pro-
i Afoaa

contra un ubu primeroayer en
Quintero. Loshech

Los pacientes con Alzhei-  dadoenla loratén sa, delal dCatolica  caanivel del hi una do el suj
mer poseen problemas de produccion d de  dechile, d Gqueenel  estructura cerebral cuya fun- | caminando por laavenida Fran-
aprendizaje y memoria, y ven  MODELO ANIMAL interés; la auscncla de varios  Octodondegusseencontraban  cion es critica para el aprendi- | ciaatorsodesnudoy conunre-
su vida cotidiana afectada de p otros presentes varios agentes del  zajey lamemoria espacial”. volver nueve milimetros en su

i diodel de pruebx cog- i ¥ que este roedor Agregd que “encontramos | poder. El hecho fue alertado a

Durante afos los estudios rodegcnorauvas' como el nitivas comluyemes y.porult-  podria constituirun buenmo-  que, acorde a las observacio- | personaldela wbmnssam de
ci L i dispe dcun mo,q llodelaneu-  delode estudio. ne: fores, laresp fi- | Quintero,
serie de agentes iales en deloanimal no ocurre en el “Desde hace ya algunos sioldgica del circuito hipo- | sector eintentddetenerio. Ante
producir la enfc di natural en el tiemp | de envejeci-  aios nos hemos dedicado,en  campal se veia también altera- | esto, G.S.L.dispardcontracl fur-

Unodeestoseslaacumula-  los sintomas biologicos que la micmo paulatinoquecaracteri-  particular juntoa Alvaro Ardi-  da en degus jecidos. La ici: podel
cion temprana de proteinas & caracterizan, zaal humano. les, un esl’udj'mle denuestro  disfuncion, entonces, pudi- | Alser interceptado,dispard esta
amiloide solubley tau fosforila- Afaltade models un laatencion  d ), acstudiar dcrmne mos encontrarla en la falla de wanllmmunm'madu quien
da, generando disfuncion celu-  les, los bidlogos crearonrato-  se ha dmg«do sobn: algunos detallada las as protei laves a ni- ma
lary, por encia, unde-  nes icos, a los que se que presen- jitivas y de plasticidadneu-  vel de neuronas post-sinapti- | de scrvncio. i en un
teriorode i gniti-  les i duj i i tan de manera natwalalgunos  ronal en el modelo degus. A cas del hipocampo”. 3 | hombro. (&1
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Title: “What we know about memory and vision?”
Media: Magazine “Explora” (Nacional)
Date: September, 2012

¢Qué sabemos de
memo

LI 4

Y Vision:

Adrian Palacios: Doctor en Neurociencia
Centro Interdisciplinario de Neurociencid de Valparaiso, Universidad de Valparaiso.

Los colores no
existen, podria decir un fisico.
Existen ondas y fotones que nuestros
0jos separan como colores gracias a la
retina, una compleja red de neuronas asociada
a bastones y conos, células fotosensibles que nos
ayudan a pintar la realidad. ¢Cémo percibimos? éQué
rol tienen los colores en la construccion de lo que nos
rodea? Son algunas dudas que ocupan la investigacién
del neurocientifico Adrian Palacios, quien explica en
esta entrevista las principales caracteristicas de la
visién humana y su evolucién. También habla sobre la
memoria, complejo proceso que no es posible situar
en un sector especifico del cerebro. "A(in no
sabemos dénde est4, sélo sabemos que esta
ahi, que es parte de un circuito
de neuronas”.

Sin embargo, el costo de esta adaptacién a la oscuridad fue
perder ciertas caracteristicas de la visién de colores que
poseian sus ancestros. Este es el origen del humano y recién
hace 40 millones de afios comienza a reconstituir esta visién,
a re-inventarla. El primate tricrémata (que posee tres tipos de
sensores para el color) es relativamente nuevo y todavia los
sensores del sistema visual en humanos estdn adaptados a
la oscuridad. £l 95% de las células de la retina son bastones
(células sensibles al blanco y negro).

€Qué hace diferente al ojo humano de otras especies?

La diferencia la marca una pequefia zona de la retina llamada
fovea, de gran concentracién de conos y con una mejor
resolucién tanto espacial como cromética, que nos permite
disfrutar plenamente de un mundo en color. La evolucién desde
un sistema de visién dicromata, presente en la mayoria de los
mamiferos, al del humano requirié de un tercer tipo de sensor
(en la regién del verde y rojo) naciendo una gama de colores
que para nosotros es extraordinaria. Pero si tuviéramos 4 6 5
diferentes tipos de sensores el mundo seria cromaticamente
muy diferente, viviriamos de otra manera, podriamos ver
Los mamiferos evolucionaron a partir de reptiles primitivos, objetos que reflejan, por ejemplo, ultravioleta o infrarrojo, es
que se adaptaron a un habitat nocturno con gran éxito. decir algo invisible al ojo humano.

Estos pequefios roedores lo pasaban bien cazando y se

desarrollaron como nunca antes lo hizo otra especie.

6

Distinguimos mas colores que el resto de los
mamiferos, pero menos que los peces, reptiles y
aves. ¢A qué se debe?
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Title: “Scientist explains how a zombies attack to Santiago would be like”
Media: Newspaper “Las Ultimas Noticias” (National)
Date: October 18, 2012

Las Ultimas Noticlas / joeves 18 de octudre e 2012

Bidlogo usd ecuaciones para medir el fenémeno
Cientifico explica '+
como seria un ataque | *
zombi en Santiago

Onarra Sanra Masia

aimagen de los muertos

I vivientes, gimiendo y
caminando con torpeza
enbusca dealimento, es fuente
deinspiracién parala
ciencia. El doctor en
biotecnologia To-

Cuatro muertos

yectando los resultados a en-
fermedades contagiosas realkes
¥ a situaciones catastroficas
COMO terremotos.,

El cientifico, fanitico de la
serie “The walking dead”, dice
que ¢l modelo de Ia
infeccion zombi sc
parcce (en teoria,

mis Pérez-Acle cred vivientes claro, porque recor-
un modelo matema- 2 demos que los muer-
tico y simulaciones tardarian once  tosvivientes no exis-
computacionales pa« ’ ten) al de vanas ene
raanalizar ¢l impacto dlﬂS en fermedades conta-
de¢ un ataque zombi - s £1033% QUC atacan a
sobre dicz ciudades contagiar a diez los humanos. “Si
similares a Santiago. grandes UNa Persona s¢ con-

Tomis, director < tagia con ¢l Sindro-
del laboratorio de ciudades. me de Inmunodefi-

biologia computa-

cional de Ia Fundacién Ciencia
para la Vida y profesor de la
Universidad de Chile, cred va-
rias ccuaciones para estudiar la
dispersion de los zombics pro-

92

ciencia Adquirida
(SIDA), nunca deja de estar
contagiada y si un zombi muer-
de 2 alguicn esta persona tam-
poco nunca deja de estar infec
tada”, explica ¢l bidlogo.

La investigacidn del bitiogo chieno fue publ

La investigacion del chile-
no, publicada por la Universi-
dad de Cornell, en Estados
Unidos, planted la aparicién
de cuatro zombies metidos en
una ciudad con similar canti-
dad de habitantes que Santia-

RO,

“En once dias todos los ha-
bitantes de dicz ciudades esta-
ban infectados por los zom-
bics. Tuvimos que incluir unos
soldados o exterminadores pa-

ra matarkos ¢ incorporar tratas
micnto médico para <l 30% de
la poblacidn”, explicd ¢l inves-
tigador.

Elbidlogo detalla que detrds
de este resultado hay modelos
matemiticos que in<luso in-
cluyen autos con los cuales s¢
transporta la gente mordida de
una ciudad a otra. Tomds dard
hoy una charla sobre eltemacen
la facultad de ingenicria de la
U. de Chile.

icada por la Um«:a&a{! do Co'ncf"

49

Si un zombi
muerde a alguien,
esta persona nunca
deja de estar
infectada

2
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Title: “Flies, worms and butterflies entice scientists from Chile and Latin America”
Media: Newspaper “El Mercurio” (National)
Date: November 25, 2012

EL MERCURIO
JUEVES 15 DE NOVIEMERE DE 2012

VIDA e CIENCIA « TECNOLOGIA

Al3

vetawmercuriocl

-

PAULA LEXSHTON I

oscas. Diminutas mos-
casd agre (Drosap-
hila melanogaster) apa-
recieron frente a L)n
ojos de Yuly Fuentes, bioquimica de
la U. de Concepeidn.
—*Voy a trabajar con moscas...
ichutal™—, pensy
La cientitica iniciaba su doctora-
do en el Departamento de Neuro-
biclogia de b U. de Massxchusetts

Lo moscars, los gusanos, lsarais,

lasabejas y otros fantos invertebradoes
que se emplean como modelos en in-
vestigacidn bioligica tenden a ser po-
o valorades por investigadores acs-
tumbrados a trabajar con mamifercs
“Me di cuenta de que yo también te-
niy esa resistencia”, dice Fuentes,

En poco tiempo exa impresion se
revirtié, al punto que junto a los
cientificos [imena Sierralta, del Ins-
tituto Milenio de Neurociencias
Biomédicas de la U. de Chile, yJohn
Ewer, del Centro Interdisciplinario
de Neurociencia (CINV) de la U. de
Valparai bicn investisad

ves o Densophilis-— ‘erearos) “Staall
Brains, Big Ideas” (Pequefos cere-
bros, grandes ideas), un curse que
busca expandir el uso de invertebra-
dos como modelo de estudio en
Amirica Latim y que la semana pa-
sada conchuy6 su segunda version.
Durante 10 dias una treintena de
cientificos jovenes y estudiantes de
posgrado en ciencias bioldgicas parti-
ciparonen charls y talleres prcticues
dictados por destacados investigadk-
res de universidades de EEUUL, In-

Simposio “Pequenios cerebros, grandes ideas™:

Moscas, gusanos y mariposas conquistan a
cientificos de Chile y América Latina

Tres chilenos se propusieron
ampliar el uso de invertebrados
en laboratorios de la region.
Aqui explican por qué.

L

Jimena smm; John Ewer y Yuly Fuentes s &f motordetras e
Big Ideas”. Su cbjetivo es masificar el uso de invertebradas en América Latina.

3 .i~ =

polo donde cientificos lati
canos de alto nivel vayana ent

gos cque han per

stid i
cesen la i f

-y

=eeneluso deinvertebrados v luego

meaten sus laboratorios usindolos

como medelos™, avizora Fuentes.
A 4i

r
des que atectan a los humanos, inclu-
yendo el cincer, trastomos neurode-
enerativos y de la inmunidad. FI

cuenciado el genoma del C. Elyans,

un gusano queno mide mis de2 mm,

pero que tiene practicamente: b mis-
i 1

Técnicas de microsco-

pla y disecdidn de
tefichs, como los de
Dvosop¥ilo (aniba),
son algunas destrezas
e aprenden los
jwenes centificos.

comparado con el espacio y recursos
que requiere un bioterio de ratones!™,
Otra ventaja, destaca, es que “co-

PRy g
Siete premios Nobel de Medicina
yFisiologiase hanotorngado a inves-
tigadores que hicieron sis hallazgos
eninvertebrados.

Rapido y barato

“No sl son modelos muy pode-
rosos para hacer investigacion en
cualquier drea de la biologia. Tam-
bién tienen la gran ventaja de que es

5 muy barato mantenerlos, kb que es

un gran atractivo para pafses de

hacer buena investigacion a bajo
costo”, subraya John Ewer.

Lo sbe Diego Rayes, del Iretituto
de Investigaciones Bioquimicas Ba-
hia Blanca (Argentina), que usa C.
Eleyans, “Para mantenerlas basta un

glaterra, Chile y Argenti
“Laidea es convertiral patsen un

os

X F
invertebradosson el origen de hallaz-

seroma s habria podida
decodificar si antes no se hubiera se-

badar, unas plaquitas de Petri y
bacterias para alimentarles, {Nads,

ti ciclos de vida muy cortos,
puedes analizar en poco tiempo
muchas generaciones”™. Fso permite
hacer en meses experimentos que
con mamiferos tomarian afos. Asi,
las investigaciones avanzan ripicks
¥ también los descubrimientos.

El primer simpesio, en 2010, ya
dio frutos. *De ese curso yahay una
chicaen Colombia yotra persona en
Peni que empezaron sus laborato-
rios estudiando C. elegans y Drasop-
hila”, dice Jlimena Sierralta, quien
destaca que este afo sumaron ex-
pertos que ensefiaron el uso de ma-
riposas y de abejas mieliferss.

Para Fuentes, los primeros pasos
son promisorios: “ I

fstoss animalitos

han sick subvakorads, pero hoy es-

tamos demostranda que =i en Lati-

noamérics quleres hacer buens

ciencia con bajos costus, ellos son el
h

pertecta™.
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