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Chile… in a nutshell
• An almost one dimensional south american country with 

>4,400 Kms of shoreline

• Largest GDP per capita in South America: ~14,000 USD

• 17x106 people, GDP 250B USD

• Diverse and unique natural labs:

• The driest desert in the world: Atacama

• One of the deepest oceanic trenches: Atacama ~8,900 mts

• The clearest skies: ALMA, VLT, APEX, Gemini, Paranal, LSST 
and E-ELT

• The largest number of active volcanoes: >500

• The most seismic country in the world: Avg. 8 per decade over 
7 Mw



The Chilean NC Initiative (CLNCI)
• A transdisciplinary research initiative aimed at 

developing fundamental scientific knowledge 
supporting the advancement of 
Neuromorphic Computing (NC)

• A multi-institutional effort joining research teams from the main 
Research Institutions in Chile, including FACH (Chilean Air Force)
• Center for Bioinformatics and Integrative Biology (CBIB)
• Center for Research in Nanotechnology and Advanced 

Materials (CIENUC)
• Biomedical Neuroscience Institute (BNI)
• Geroscience Center for Brain Health and metabolism (GERO)
• Center for Development of Nanoscience and Nanotechnology 

(CEDENNA)
• Center for Interdisciplinary Neuroscience (CINV)
• Fundación Ciencia & Vida (FCV)
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Neuromorphic Computing (NC)
A concept developed by Carver Mead1 describing very-large-scale 

integrated (VLSI) systems containing electronic circuits mimicking the 
architecture of the nervous system

(A)

A. Plasticity3:
• Neural connections and neural functions

• Signalling-censoring (or integration)
threshold (rc, first column) used to construct the networks.
Listed are N, C, L, the average degree hki, and !. The
clustering (Crand) and path length (Lrand) values of an
equivalent random network are also included for compari-
son. Note that as the threshold rc increases the total number
of nodes N decreases substantially, resulting by definition
in more correlated networks. As a result, the number of
nodes with at least one link decreases, and consequently
the hki value decreases as well. In all cases, the coefficient
C remains 4 orders of magnitude larger than Crand.
Networks randomized using the rewiring described by
Maslov et al. [6] also have clustering significantly smaller
than the raw data (the order of 10!2). This feature, together

with the similarity of path length of the original nets and
their randomized controls (L and Lrand), is indicative of a
small-world structure [2,3]. This property is robust as it
does not depend on parameter rc.

To our knowledge, this is the first report on the topo-
logical structure of a large-scale brain network. Previous
studies employing these statistical analyses have been
limited to the small data sets of C. Elegans [2], and two
neuroanatomical databases [9,10], the macaque visual cor-
tex [11] and the cat cortex [12] (see Table II). These studies
did not demonstrate scale-free features. Comparison with
the previous two reports indicate the following: although
clustering in the present study is smaller in absolute value,
it is still orders of magnitude larger than the random case
(10!1 vs 10!4), while in the previous reports the clustering
of the experimental data was just 1 order of magnitude
larger than the randomized controls in the best case.
Interestingly, the average connectivity hki in all cases is
of the same order, despite the huge differences in net-
works’ origins and sizes. Accordingly, this consistency
may reflect some constraint(s) inherent to network con-
struction. These quantitative features show that the human
brain network examined here has small-world properties, a
finding that was previously postulated [2,3].

Figure 5 illustrates the dependence of two important
features upon a voxel’s degree. The first is clustering,
found in many cases to scale as C"k# $ k!", an indication
of hierarchical organization [13,14]. We see, instead, a
relative independence of clustering from degree. The sec-
ond feature is that a highly connected node tends to con-
nect with other well connected nodes. As shown in the
bottom panel of Fig. 5, there is a positive correlation
between the degrees of adjacent vertices. This correlation,
also called assortative mixing, is not typical of biological
networks, but rather is distinctive of social networks [15].
Transitivity in correlations contributes to an artifactual
increase of the clustering coefficient, using partial directed
coherence or Granger causality [16] in the future should
clarify this.

In summary, we report statistical measures showing that
the functional correlations of the human brain form a scale-
free network with small-world properties and assortative
mixing. While some of these properties have been infor-
mally discussed, this work is the first quantitative descrip-
tion of these large-scale topological properties, as well as
the first report of an assortative biological network. The
scaling laws demonstrated here are robust across parame-

TABLE I. Average statistical properties of the brain functional
networks.

rc N C L hki ! Crand Lrand

0.6 31 503 0.14 11.4 13.41 2.0 4:3% 10!4 3.9
0.7 17 174 0.13 12.9 6.29 2.1 3:7% 10!4 5.3
0.8 4891 0.15 6.0 4.12 2.2 8:9% 10!4 6.0

TABLE II. Previously reported statistics of relatively smaller
networks. None of these networks is scale-free.

Network N C L hki ! Crand Lrand

C. Elegans 282 0.28 2.65 7.68 not applicable 0.025 2.1
Macaque VC 32 0.55 1.77 9.85 not applicable 0.318 1.5
Cat Cortex 65 0.54 1.87 17.48 not applicable 0.273 1.4

FIG. 4 (color). Comparison for two tasks: Panels (a) and (b)
correspond to a finger tapping task while (c) and (d) to listening
to music analyzed with our method or the standard FMRI linear
model. Colors in pictures of panels (a) and (c) code the number
of links detected with our method, and those in panels (b) and (d)
the activation map built with standard model [8]. The link
distributions (lower panel) show that the networks for both tasks
are scale-free.

PRL 94, 018102 (2005) P H Y S I C A L R E V I E W L E T T E R S week ending
14 JANUARY 2005

018102-3

(B)

B. Criticality4:
• Metastable solutions

• Continuous adaptation and learning

(C)

C. Topology5:
• Multiple layers

• Modularity

• Scale-free architecture

(1) C. Mead, Proceedings of the IEEE, 78(10):1629–1636 (1990)
(2) Schuman C.D. et al, arXiv:1705.06963 [cs.NE] (2017)
(3) Eguiluz V. et al. Physical Review Letters 94, 018102 (2005)
(4) Sporns O. Dialogues Clin Neurosci. 15(3): 247–262 (2013)
(5) Merolla P.A. et. al., Science 345(6197): 668-673 (2014)



From Mead’s concept to the IBM TrueNorth chip

(1) Schuman C.D. et al, arXiv:1705.06963 [cs.NE] (2017)
(2) Merolla P.A. et. al., Science 345(6197): 668-673 (2014)

1

• Funded by DARPA and developed by IBM

• Neuromorphic chip (CMOS) whose architecture is inspired in 
the human brain

• A fine-graining highly parallel and event-driven, non-von 
Neumann architecture to execute neural network operations 
(NNOPS) 

• 4096 cores, >1 million neurons,  256 millions synapses, 5,4 B 
transistors2



Sensing:
- Sight
- Hearing
- Taste
- Smell
- Touch
- Balance
- Acceleration
- Proprioception
- Pain
- Sexual

Storing:
- Synapses formation
- Synapses pruning
- Neuropeptidic signaling
- Chemical signaling
- Myelinogenesis

Processing:
- Feature detection
- Pattern recognition
- Spatial/Temporal correlation 
- Classification

Adapting
- Neuroplasticity
- Synapses formation
- Synapses pruning
- Neuropeptidic signaling
- Chemical signaling
- Myelinogenesis

How does the nervous system responds 
to external stimuli?
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Molecular Sensors
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Molecular sensors: fundamentals of plasticity and criticality 
in thermally regulated ion channels

Criticality: Neuronal computation relies on multiple available states at around 37º Celsius

Plasticity: Ion channel adjustment to repeated stimuli: key for network connectivity and learning

Thermally induced activation

Laser

Gold nanoparticle

TRPV1

Nanoscale electronic spin resonance

HN

AuNPs

SH

O

Nano Diamond

HN

AuNPs

SH

O

S
O

OH

ONH2
NH2

H2N
NH2

NH2

AuNPs +
b.Zn/AcOH–H2O
a. EDC/NHS
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ATD Molecular Simulations: 
Thermal response of TRPV1



Spin-torque nano-oscillator for signal processing and storing
Dora Altbir (USACH), Sebastián Allende (USACH), Juliano Denardín (USACH), Samuel Hevia (PUC), Miguel Kiwi (UChile), 

Simón Oyarzún (USACH), Juan Alejandro Valdivia (UChile)

Experimental results

Criticality: Magnetic fields promote oscillators array adaptation
Plasticity: Magnetic spins can accommodate multiple meta-states

Theoretical approach: 
Spin-torque interactions as models 

for synapses
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Neural Encoding: A dual topology and multilayered hybrid 
neural network mimicking the retinal encoding of mammals 

Claudio Hetz (UChile), Miguel Kiwi (UChile), Tomas Perez-Acle (FCV), Adrian Palacios (UV), Juan Alejandro Valdivia (UChile), 

• Plasticity:

• Photoreceptors, novel molecular sensors, resonance, 

programmable neurons/nanoscillators

• Criticality:

• Continuous learning by reinforcement

• Architecture:

• Modularity, neural network topology

YEAR 2-3: Thalamus and CortexYEAR 1: Retina

CNN + RNN

Pattern

Image Raster patternRetinal encoding

Image

Spatial-temporal 
correlations

Clustering
Classification

Raster pattern
Feature 

selection/extraction
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Outcome… 1 year so far

Neurodegenerative diseases are characterized by pro-
gressive loss of neuronal function in defined regions 
of the nervous system, culminating in severe dysfunc-
tion. These diseases include Alzheimer disease (AD), 
Parkinson disease (PD), amyotrophic lateral sclerosis 
(ALS), Huntington disease (HD), prion-related dis-
orders, retinitis pigmentosa and some myelin-related 
disorders. Each of these conditions has distinct patho-
physiological and clinical hallmarks, yet they share a 
pathological trait: abnormal aggregation of misfolded 
proteins1–3 (BOX 1; FIG. 1). The causal association between 
accumulation of a specific misfolded protein and the 
development of pathology in these diseases means that 
they are often described as proteinopathies, or protein 
misfolding disorders (PMDs)1,4.

Under physiological conditions, chaperones resident 
in the cytosol and the endoplasmic reticulum (ER) ensure 
precise folding of newly synthesized native proteins, and 
quality control mechanisms identify misfolded proteins 
and facilitate their degradation via the proteasome, lyso-
some and autophagy pathways5. This process, known as 
protein homeostasis or proteostasis6, is fundamental to 
the maintenance of cellular health and function, as it pre-
vents abnormal protein aggregation. However, sustaining 
cellular proteostasis becomes challenging and complex 

in PMDs in which misfolded proteins accumulate7,8. 
One consequence of accumulating misfolded protein is 
the generation of ER stress9,10, which triggers a rapid and 
coordi nated biochemical response that involves adaptive 
signalling pathways; this reaction is known as the unfolded 
protein response (UPR) (FIG. 2). Emerging evidence indi-
cates that ER stress has a vital role in the pathophysiology 
of PMDs, although the organization, functions and regu-
lation of ER folding and quality control mechanisms are 
not yet completely understood.

In this Review, we discuss the most recent advances 
in our understanding of the functional link between 
ER stress, the UPR, and neurodegeneration, not only 
in typical PMDs, but also in inflammatory disease and 
traumatic injury to the nervous system. We provide 
an in-depth mechanistic explanation of how disease- 
specific proteins affect ER proteostasis, and discuss 
novel evidence that links the physiological activity of 
the UPR with neuronal plasticity and synaptic function. 
Overall, we bring together emerging evidence that UPR 
activation occurs in human brain tissue, and analyse evi-
dence from preclinical models that supports functional 
involvement of ER stress in neurological disease. We also 
discuss the latest efforts to develop therapeutic strategies 
for targeting the UPR in neurodegenerative diseases.

1Biomedical Neuroscience 
Institute, Faculty of Medicine, 
University of Chile, 
Independencia 1027, 
Santiago, Chile.
2Geroscience Center for Brain 
Health and Metabolism, 
Santiago, Chile.
3Program of Cellular and 
Molecular Biology, Institute of 
Biomedical Sciences, Center 
for Molecular Studies of the 
Cell, University of Chile, 
Independencia 1027, 
Santiago, Chile.
4Department of Neurology, 
Inselspital University 
Hospital, University of Bern, 
Freiburgstrasse 16, CH-3010 
Bern, Switzerland.
chetz@med.uchile.cl;
smita.saxena@insel.ch

doi:10.1038/nrneurol.2017.99 
Published online 21 Jul 2017

ER stress and the unfolded protein 
response in neurodegeneration
Claudio Hetz1–3 and Smita Saxena4

Abstract | The clinical manifestation of neurodegenerative diseases is initiated by the selective 
alteration in the functionality of distinct neuronal populations. The pathology of many 
neurodegenerative diseases includes accumulation of misfolded proteins in the brain. In 
physiological conditions, the proteostasis network maintains normal protein folding, trafficking 
and degradation; alterations in this network — particularly disturbances to the function of 
endoplasmic reticulum (ER) — are thought to contribute to abnormal protein aggregation. 
ER stress triggers a signalling reaction known as the unfolded protein response (UPR), which 
induces adaptive programmes that improve protein folding and promote quality control 
mechanisms and degradative pathways or can activate apoptosis when damage is irreversible. 
In this Review, we discuss the latest advances in defining the functional contribution of ER stress 
to brain diseases, including novel evidence that relates the UPR to synaptic function, which has 
implications for cognition and memory. A complex concept is emerging wherein the 
consequences of ER stress can differ drastically depending on the disease context and the UPR 
signalling pathway that is altered. Strategies to target specific components of the UPR using 
small molecules and gene therapy are in development, and promise interesting avenues for 
future interventions to delay or stop neurodegeneration.
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Insights to the mechanisms of voltage gating sensitivity in 1 

connexin26 hemichannels revealed by human mutation G12R  2 

Isaac E. García1, Felipe Villanelo1,2, Gustavo F. Contreras1, Amaury Pupo1, 3 

Bernardo I. Pinto1, Jorge E. Contreras3, Tomás Pérez-Acle1,2, Osvaldo Alvarez4, 4 

Ramón Latorre1, Agustín D. Martínez1† and Carlos González1† 5 
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Tuning the frequencies and auto-oscillations of the normal modes of a
nano-pillar oscillator through the magnetostatic interaction

D. Mancilla-Almonacid,
1
R. E. Arias,

2
S. Oyarzún,

1
D. Altbir,

1
and S. Allende

1

1)
Departamento de F́ısica, CEDENNA, Universidad de Santiago de Chile, USACH, Av. Ecuador 3493, Santiago,

Chile
2)
Departamento de F́ısica, CEDENNA, Facultad de Ciencias F́ısicas y Matemáticas, Universidad de Chile,

Av. Blanco Encalada 2008, Santiago, Chile

(Dated: 29 May 2017)

A detailed analytical and numerical study of the spin wave modes of the free layer of a nano-pillar spin torque
nano-oscillator (STNO) has been performed as a function of the magnetostatic interaction between the free
and the fixed magnetic layers. Results for higher frequency normal modes show that the magnetostatic
interaction does not appreciably a↵ect the spin wave frequencies and the critical current densities, due to
more relevance of the exchange interaction in these modes. For lower frequency normal modes we observe
a decrease in frequency and in the critical current density for auto-oscillations when the strength of the
magnetostatic interaction between the layers increases, an e↵ect that may be appreciable.

I. INTRODUCTION

During the last decade there has been strong inter-
est in the control of the magnetic behaviour of nano-
structures. One of the ways to control the magnetization
of a nanomagnet is through the transfer of angular mo-
mentum from a spin polarised current by the spin trans-
fer torque (STT) e↵ect1,2. Several experiments and the-
oretical and numerical studies3–5 have been performed
since the experimental confirmation of such e↵ect6. The
attention has been placed on the potential applications
in magnetic data storage technology and spintronics de-
vices where, by using a spin polarised current, it is
possible to write information by switching the magne-
tization in a STT device7. Therefore in the last years
STT RAM has emerged as an e�cient memory technol-
ogy with a non-volatile character and a reduced power
consumption8. Nowadays an interesting application of
STT devices, i.e. spin torque nano-oscillators (STNO’s),
occurs in the area of neuro-morphic computing. The
STNO’s may emulate neuron and synapse networks be-
haviour through their characteristic nonlinear oscillator
dynamics and their coupling9,10.

Some STT devices such as nano-pillars with metal-
lic spacers, point contacts or magnetic tunnel junctions
are composed of two ferromagnetic layers separated by
a non-magnetic spacer. The first ferromagnetic layer is
magnetically fixed while the magnetization of the sec-
ond ferromagnetic layer is free to move in response to
an external stimulus. When a current is injected into
the system, electrons pass through the fixed layer and
become spin-polarised. Then this spin polarised current
reaches the second ferromagnetic layer whose dynamic
magnetization in general is not collinear with the first,
and thus some current angular momentum is transferred
to the free layer. If the current density is large enough,
a stable precession of the magnetization of the free layer
may be reached in the microwave range11. In most works
the non-magnetic spacer is considered su�ciently wide
to neglect both the magnetostatic and the Ruderman-

Kittel-Kasuya-Yosida (RKKY) interactions between the
two ferromagnetic layers. Besides, only few papers ad-
dress the influence of the fixed layer thickness. For ex-
ample, S. Urazhdin et al.12 made experimental measure-
ments of the dynamics induced by a polarised current
across a thin spin valve device. They considered that
the dimensions of the free layer are fixed and the thick-
ness of the reference layer is comparable or smaller than
the free layer thickness. For the fixed layer thickness the
authors considered 2, 5, and 8 nm. The coupling be-
tween both ferromagnetic layers results in a reduction
of the precession onset current. Also Z. Hou et al.13

studied the stability of the reference layer given by a
mutual STT e↵ect considering the macro-spin approxi-
mation for both ferromagnetic layers. They concluded
that the consideration of that e↵ect is important to un-
derstand the spin-torque switching. We also mention a
recent experimental-theoretical study14 on the influence
of inter-layer coupling on the spin torque driven excita-
tions of a spin torque oscillator.

To keep the current spin polarised, the spacer thickness
must be smaller than its spin di↵usion length, usually of
a hundred of nanometers. However from another side,
the spacer needs to be thick enough in order to neglect
RKKY interactions. Then usually spacers larger that 5
nm and smaller that 100 nm are considered. In such a
situation, magnetostatic interaction terms between the
free and the fixed layers can play an appreciable role.
Therefore, in this work we focused on the e↵ect of the
magnetostatic interaction between the ferromagnetic lay-
ers of a nano-pillar with a circular cross section using a
standard Hamiltonian formalism. We studied the nor-
mal modes of the free layer as a function of the fixed
layer thickness neglecting the RKKY interaction. Specif-
ically, we have studied the normal modes, its frequency
dependence, shape and critical current to induce stable
or auto-oscillations. We also studied the normal modes
dependency on non-magnetic spacer thickness and mag-
netic material of the fixed layer. We found that for lower
frequency normal modes, the frequency and critical cur-

Average I. F. = 7.2 
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