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USEFUL INFO 
VENUE 
The Venue of OPTOGEN2017 is the Officine Cantelmo (Viale M. De Pietro, 12, Lecce). 
WiFi INTERNET CONNECTION 
Free access to the WiFi Network of the Officine Cantelmo will be available for all participants. 
Network SSID: UNISALENTO - Username: tmp_rifs - Password: d27z8mhm. 
SOCIAL EVENTS 
Welcome reception will take place at the Officine Cantelmo cafeteria. 
Social dinner will be at the Torre Del Parco Restaurant, Viale Torre del Parco 1, Lecce. 
INVITED SPEAKERS 
Speakers can connect their own laptop (HDMI or VGA) or use the computer available at the 
conference center. Time slot for invited presentations are 30 minutes including questions. 
SHORT ORALS 
Authors selected for short orals are kindly asked to send their presentation to info@optogen.eu by 
Monday 11th December 2017. Time slot will be 5 minutes and no questions will be allowed. The 
goal of the talk is to show results and to invite the audience to visit your poster. 
POSTER PRESENTATIONS 
The available display area is 80cm x 110cm (width x height). Poster should be set up from 8:30 to 
9:00 on Tuesday 12th and will be displayed during both days of the workshop. Poster session is 
scheduled from 15.15 to 18.00 on Tuesday 12th, and two Best Poster Awards will be awarded on 
Wednesday 13th. 
ABOUT LECCE 
Lying on a plain at the foot of the Salento Plateau is Lecce - the "Florence of the South" - one of 
the most interesting cities in the region for its baroque architecture. Of ancient origins, the city 
experienced two distinct periods of prosperity in its history: the Roman era and that of the rule of 
the Kingdom of Naples. Under both, construction of buildings, monuments and mansions 
increased heavily. These new structures were characterized by a magnificent and rich 
ornamentation that earned this typical architecture the definition of “Leccese Baroque." The 
imaginative and meticulous sculpting work was facilitated by the use of local stone, flexible and 
easy to inlay. 

In the map below you can find the position of the points of interest for OPTOGEN2017. 

Officine Cantelmo
Conference Venue

Train Station

Grand Hotel Tiziano

Suite Hotel Santa Chiara

Hotel Patria Palace

Risorgimento Resort

Torre del Parco

Transport

Accomodations

Social Events

mailto:info@optogen.eu
Marco Pisanello
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INVITED TALKS 
Chris Xu               TUESDAY 12.12 09:15-09:45 
Cornell University 

IN VIVO 3-PHOTON IMAGING OF MOUSE BRAIN 

In this talk, the fundamental challenges of deep tissue, high-resolution optical imaging are 
discussed. New technologies for in vivo structural and functional imaging of mouse brain using 
long wavelength excitation and 3-photon microscopy will be presented [1-2]. We will discuss the 
requirements for imaging the dynamic neuronal activity at the cellular level over a large area and 
depth in awake and behaving animals. We will speculate on the possible future directions to 
further improve the imaging depth and speed in biological tissues. 

References 
[1] D. G. Ouzounov, T. Wang, M. Wang, D. Feng, N. G. Horton, J. C. Cruz Hernández, Y. Cheng, J. 
Reimer, A. Tolias, N. Nishimura, and C. Xu “In Vivo Three-Photon Imaging of Activity of GCaMP6-
labeled Neurons Deep in Intact Mouse Brain”, Nature Methods, 14, 388–390, (2017). 
[2] N. G. Horton, K. Wang, and D. Kobat, C. Clark, F. Wise, C. Schaffer, and C. Xu, “In vivo three-
photon microscopy of subcortical structures of an intact mouse brain”, Nature Photon., 7, 205–
209, 2013.  

Tobias Moser               TUESDAY 12.12 09:45-10:15 
Georg-August-Universität Göttingen 

TOWARDS THE OPTICAL COCHLEAR IMPLANT: OPTOGENETIC STIMULATION OF THE 
AUDITORY NERVE 

When hearing fails, speech comprehension can be restored by auditory prostheses. However, 
sound coding with current prostheses, based on electrical stimulation of auditory neurons, has 
limited frequency resolution due to broad current spread. We aim to improve frequency and 
intensity resolution of cochlear implant coding by establishing spatially confined optical 
stimulation of spiral ganglion neurons (SGNs). We have established optogenetic stimulation of the 
auditory pathway in rodents using virus-mediated expression of channelrhodopsins to render 
SGNs light-sensitive. Optogenetic stimulation of spiral ganglion neurons activated the auditory 
pathway, as demonstrated by recordings of single neuron and neuronal population responses at 
various stages of the auditory system. Fast opsins enabled SGN firing at near physiological rates 
(hundreds per second). We approximated the spatial spread of cochlear excitation by recording 
local field potentials in the inferior colliculus in response to suprathreshold optical and electrical 
stimuli, which suggested a better frequency resolution for optogenetic than for electrical 
stimulation. Towards characterizing the percept induced by cochlear optogenetics we studied 
activation of neurons in primary auditory cortex and performed a behavioral response in virus-
injected gerbils. Behavioral thresholds of light amplitude were found to be below physiological 
thresholds (< 2mW, close to the threshold of the neurons in auditory cortex) and thresholds of 
light pulse duration were as short as 0.1ms. This study demonstrates that stimulation of 
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channelrhodopsin-expressing spiral ganglion neurons with blue light creates both a stable 
physiological response and a robust auditory percept over several weeks. In summary, 
optogenetic stimulation of the auditory nerve is feasible and bears substantial potential for future 
application in research and hearing restoration. 

Valentina Emiliani              TUESDAY 12.12 10:15-10:45 
Université Paris Descartes 

TWO-PHOTON OPTOGENETICS WITH MILLISECOND TEMPORAL PRECISION AND SINGLE 
CELL RESOLUTION 

Optogenetics has revolutionized neuroscience by enabling remote activation or inhibition of 
specific populations of neurons in intact brain preparations through genetically targeted light 
sensitive channels and pump. Nevertheless, studying the role of individual neurons within 
neuronal circuits is still a challenge and requires joint progresses in opsin engineering and light 
sculpting methods. 

Here we show that computer generated holography using an amplified pulse laser combined 
with high light sensitive and somatic opsins [1-3] enable precise in vitro and in vivo control of 
neuronal firing in mouse brain with millisecond temporal precision, single cell resolution and 
unprecedented low illumination level.  

We also show a new optical system generates multiple extended excitation spots in a large 
volume with micrometric lateral and axial resolution. Two-dimensional temporally focused shapes 
are multiplexed several times over selected positions, thanks to the precise spatial phase 
modulation of the pulsed beam. This permits, under multiple configurations, the generation of 
tens of axially confined spots in an extended volume, spanning a range in depth of up to 500 m. 
We demonstrate the potential of the approach by performing multi-cell volumetric excitation of 
photoactivatable GCaMP in the central nervous system of Drosophila larvae, a challenging 
structure with densely arrayed and small diameter neurons, and by photoconverting the 
fluorescent protein Kaede in zebrafish larvae [4]. 
Our technique paves the way for the optogenetic manipulation of a large number of neurons in 
intact circuits. 

References 
[1] Chaigneau, E. et al. Two-Photon Holographic Stimulation of ReaChR. Front Cell Neurosci 10, 
234 (2016). 
[2] Ronzitti, E. et al. Sub-millisecond optogenetic control of neuronal firing with two-photon 
holographic photoactivation of Chronos. J. Neurosci. 37, 10679 –10689 (2017). 
[3] Shemesh, O. et al. Temporally precise single-cell resolution optogenetics. Nat. Neurosci. in 
press, (2017). 
[4] Accanto, N. et al. Multiplexed temporally focused light shaping for high-resolution multi-cell 
targeting. in preparation. 
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Adam Packer               TUESDAY 12.12 11:30-12:00 
University College London 

TECHNOLOGIES FOR ALL-OPTICAL INTERROGATION OF NEURAL CIRCUIT IN BEHAVING 
ANIMALS 

Neural circuits display complex spatiotemporal patterns of activity on the millisecond timescale 
during behavior. Understanding how these activity patterns drive behavior is a fundamental 
problem in neuroscience, and remains a major challenge due to the complexity of their 
spatiotemporal dynamics. The ability to manipulate activity in genetically defined sets of neurons 
on the millisecond timescale using optogenetics has provided a powerful new tool for making 
causal links between neuronal activity and behavior. I will discuss novel approaches that combine 
simultaneous two-photon calcium imaging and two-photon targeted optogenetic 
photostimulation with the use of a spatial light modulator (SLM) to provide ‘all-optical’ readout 
and manipulation of the same neurons in vivo. This approach enables reading and writing of 
activity in neural circuits with single-cell resolution and single action potential precision during 
behavior. I will describe the power, limitations and future potential of this approach; and discuss 
how it can be used to address many important problems in neuroscience, including transforming 
our search for the neural code and the links between neural circuit activity and behavior. 

Anna Moroni               TUESDAY 12.12 12:00-12:30 
Università degli studi di Milano 

AN OPTOGENETIC TOOL FOR SUSTAINED SILENCING OF MAMMALIAN NEURONS 

We have engineered a light-gated potassium (K+) channel (BLINK) by linking the plant 
photoreceptor module LOV2 to the viral channel Kcv. This synthetic ion channel shows the typical 
features of Kcv, high conductance (~80 pS), K+ selectivity, and voltage independent conductance.  
After further optimization of the protein, the channel expresses not only in zebrafish but also in 
mammalian neurons. Upon illumination with blue light (450 nm), the channel hyperpolarizes 
neurons to EK+ and this effect persists for several minutes even in the dark.  Pilot experiments in  
a mouse pain model show that this protracted light-off activity can be successfully  employed for 
long term pain relief after activation of the channel by a short pulse of  light. 

Bernardo L Sabatini              TUESDAY 12.12 12:30-13:00 
Harvard Medical School 

OPTOGENETICS AND FIBER PHOTOMETRY IN SMALL BRAIN NUCLEI 

I will discuss recent research in our laboratory on the methods to monitor and manipulate neurons 
in the mammalian brain. I present the use of tapered optical fibers for light delivery and collection 
in small nuclei that are difficult to access with standard flat-faced fibers.  In addition, I will discuss 
our attempts, together with collaborators at the IIT in Lecce, to understand the determinants of 
light collection volumes in fiber photometry experiments. Lastly, I will present out attempts to 
achieve optical sectioning head mounted endoscope-based microscopes. 
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Georg Nagel                      WEDNESDAY 13.12 9:00-9:30 
Julius-Maximilians-Universität Würzburg 

CHANNELRHODOPSIN ET AL.: MICROBIAL AND ENGINEERED PHOTORECEPTORS FOR 
OPTOGENETIC APPLICATIONS 

The technique to manipulate via light-sensitive, genetically encoded proteins, cellular signalling 
and animal behaviour (mostly non-invasively) by light application, is now called optogenetics. A 
breakthrough for optogenetics was the Channelrhodopsin-2 from the unicellular green alga C. 
reinhardtii which is a Light-gated cation channel, allowing fast light-induced depolarization of the 
plasma membrane [1]. Mutations led to a slower photocycle and therefore to Channelrhodopsins 
with higher light sensitivity. Neuronal expression of Channelrhodopsin-2 (ChR2) yields Light-
induced action potentials and Light-manipulated behaviour in C. elegans [2] and Drosophila 
larvae [3]. The Light-activated chloride pump halorhodopsin (HR) from the archaeum 
Natronomonas pharaonis hyperpolarizes the plasma membrane and therefore allows Light-
induced silencing of neurons [4].  
Recently we found ChR2 mutants with increased expression (ChR2-XXL & ChR2-XXM) which allow 
light-modulation of neurons in adult Drosphila flies, even without feeding the chromophor all-
trans retinal [5, 6]. We also introduced a cytosolic Photoactivated Adenylyl Cyclase (PAC) as an 
ideal optogenetic tool to increase the cAMP concentration in cells and living animals by blue light 
[7]. The combination (coexpression or fusion) of  PAC and cyclic nucleotide-gated cation channels 
is an alternative approach to yield strong light-gated membrane conductance [7]. 
New genes for opsins with an attached phosphodiesterase (RhoPDE) or guanylyl cyclase domain 
(Cyclase Opsins = Cyclop) were found in fungi by others. We characterized these Cyclase Opsins 
in-vivo and in-vitro and determined tight light-regulation of cyclase activity. Expression of Cyclop 
in C. elegans yields fast light-activated cGMP production and allows reversible, non-invasive light-
manipulation of behaviour [8].  

References 
[1] Nagel et al., (2003) Proc Natl Acad Sci U.S.A. 100:13940-13945. 
[2] Nagel et al., (2005) Current Biology 15(24):2279-84. 
[3] Schroll et al., (2006) Current Biology 16(17):1741-7. 
[4] Zhang et al., (2007) Nature 446:633-639. 
[5] Dawydow et al., (2014) PNAS 111(38):13972-7. 
[6] Scholz et al., (2017) eLife.28360. 
[7] Schröder-Lang et al., (2007) Nat Methods 4(1):39-42. 
[8] Gao et al., Nat Commun. 6:8046 doi: 10.1038/ncomms9046 (2015). 

Robert S Datta                    WEDNESDAY 13.12 9:30-10:00 
Harvard Medical School 

INFERRING INTERNAL FROM EXTERNAL STATE 

The Datta lab studies how information from the outside world is detected, encoded in the brain, 
and transformed into meaningful behavioral outputs. Here we describe a new approach we have 
recently developed, which combines 3D machine vision with unsupervised machine learning, to 
characterize the underlying structure of mouse behavior. Using this approach we have discovered 
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that mouse behavior can be segmented into a fundamental set of components that we call 
“behavioral syllables.” Each behavioral syllable is a brief and well-defined motif of 3D behavior 
that the brain places in into specific sequences via definable transition statistics (or behavioral 
“grammar”) to flexibly create complex patterns of action. By characterizing mouse behavior in 
terms of its component parts, we can use our behavioral characterization technique to identify 
subtle differences in the pattern of motor output under different experimental conditions with an 
unprecedented level of sensitivity, suggesting that this technology will be useful for drug 
development. By combining this method with in vivo imaging of neural circuits in behaving 
animals, we can also identity context-dependent neural correlates for the sub-second structure of 
behavior identified by our algorithms, suggesting this behavioral analysis technique will provide 
direct insights into the relationship between neural circuit activity and patterns of action. Thus our 
method will afford insight into mechanisms that allow animals to flexibly navigate the outside 
world, enable better characterization of mouse models of disease, and serve as a quantitative 
prism through which the function of genes and neural circuits can be understood.   

Ileana Hanganu-Opatz                 WEDNESDAY 13.12 10:00-10:30 
Developmental Neurophysiology, University Medical Center Hamburg-Eppendorf 

COGNITIVE ONTOGENY IN HEALTH AND MENTAL ILLNESS: A STORY OF RIGHT 
COMMUNICATION 

Cognitive performance relies on the entrainment of neuronal networks in oscillatory patterns of 
electrical activity. They ensure the spatiotemporal orchestration of neuronal activity and enable 
information transfer and storage, as exemplified in the case of functional interplay between the 
prefrontal cortex and hippocampus. Coupling of the neuronal networks in oscillatory rhythms is 
not a hallmark of the adult brain but rather emerges early during development. However, the 
contribution of coordinated activity for the maturation of neuronal networks accounting for 
cognitive processing remains largely unknown. The talk will introduce the mechanisms controlling 
the development of structural and functional coupling within prefrontal-hippocampal networks of 
rodents from birth until juvenile stage of development. In particular, the cellular interactions 
accounting for emergence of long-range communication in the immature brain will be 
highlighted. Moreover, the impaired maturation of functional communication within hippocampal-
prefrontal networks, switching from hypo- to hyper-coupling, will be characterized as a possible 
mechanism underlying the pathophysiology of cognitive deficits in neuropsychiatric disorders. 

Michal Lipson                   WEDNESDAY 13.12 11:15-11:45 
Department of Electrical Engineering, Columbia University 

NANOPHOTONICS PLATFORM FOR SUB-MILLISECOND, MASSIVELY PARALLEL DEEP BRAIN 
OPTICAL STIMULATION 

The exact timing of neural spikes, to millisecond precision, can be critical for perception and 
behavior. Currently, electrical silicon probes enable single-neuron recording on a massive scale 
with sub-millisecond resolution. However, there is still a need for an optical-stimulation technology 
that can be integrated with this technology and match its temporal and spatial resolution. The 
scalability and versatility of integrated nanophotonics could enable neural excitation over large 
areas with single-cell resolution on an implantable probe. However, active control of these optical 
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circuits has yet to be demonstrated for visible wavelengths, including those specific to 
optogenetic excitation (400 – 600 nm). We will discuss an active nanophotonics platform enabling 
control of multiple beams for deep-brain neural stimulation. We generate precise and repeatable 
complex spatiotemporal neural spike patterns in vivo with high spatial and temporal resolution 
using a fully packaged device inserted into the mouse brain. We will also discuss how active 
switching on a nanophotonics platform paves the way for beam shaping and highly-multiplexed 
optical circuits that could enable high-resolution optogenetics for deep brain regions. 

John A Assad                             WEDNESDAY 13.12 11:45-12:15 
Harvard Medical School 

USING OPTICAL METHODS TO PROBE THE ROLE OF THE NIGROSTRIATAL SYSTEM IN 
MOVEMENT INITIATION 

The basal ganglia are involved in the control of bodily movements. The input nucleus of the basal 
ganglia, the striatum, is richly innervated by dopamine neurons from the substantial nigra – the 
same neurons that are lost in movement disorders such as Parkinson’s disease.  Evidence suggests 
that striatal neurons and dopamine neurons play a preferential role in spontaneous or self-timed 
movements, actions that are made in the absence of proximal external cues. For these self-timed 
actions, the brain must generate movement commands internally, but this process is poorly 
understood. We are using fiber photometry (FP) to investigate the role of genetically identified 
dopamine neurons and subclasses of striatal neurons in self-timed movements in mice. We 
express calcium indicators in the specific cell types to observe the activity of the population of 
neurons, and we relate this population neural activity to the precise timing of movements from 
trial-to-trial. Our preliminary findings indicate that the dynamics of nigrostriatal neural activity are 
highly predictive of movement timing. In future experiments will we monitor two neural 
populations simultaneously using two-color FP, and we will monitor neural activity simultaneously 
throughout the dorsal-ventral extent of the striatum using novel tapered fiber optics adapted for 
fiber photometry. 

Tommaso Fellin                     WEDNESDAY 13.12 12:15-12:45 
Istituto Italiano di Tecnologia 

HIGH RESOLUTION BIDIRECTIONAL CONTROL AND IMAGING OF NEURONAL 
EXCITABILITY IN VIVO 

Angelo Forli1, Dania Vecchia1, Noemi Binini1, Serena Bovetti1, Claudio Moretti1, Mathias Mahn2, 
Christopher A. Baker3, McLean M. Bolton3, Ofer Yizhar2, Tommaso Fellin1 

1 Optical Approaches to Brain Function Laboratory, Department of Neuroscience and Brain Technologies, Istituto 
Italiano di Tecnologia, Genova, Italy 
2 Department of Neurobiology, Weizmann Institute of Science, Rehovot 76100, Israel  
3 Disorders of Neural Circuit Function, Max Planck Florida Institute for Neuroscience, Jupiter, FL 

Within brain networks sensory information is encoded in complex spatial and temporal patterns of 
neural activity. Understanding how these patterns drive perceptual behavior requires a method to 
measure and to bidirectionally perturb with high spatial resolution the activity of the neural 
ensembles involved in the processing of sensory information. Here we combine two-photon 
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holography to stimulate neurons expressing blue light-sensitive opsins (ChR2 and GtACR2) with 
two-photon imaging of the red-shifted indicator jRCaMP1a in the mouse neocortex in vivo. We 
first demonstrate efficient bidirectional control of neural excitability with cellular resolution across 
cell types and cortical layers. We then show effective simultaneous imaging of jRCaMP1a and 
holographic stimulation of ChR2-expressing cells with negligible crosstalk between the imaging 
beam and opsin excitation. This novel all-optical approach will likely represent a powerful tool to 
causally dissect how activity patterns in specified ensembles of neurons determine brain function 
and animal behavior during sensory perception. 

Pau Gorostiza                      WEDNESDAY 13.12 14:30-15:00 
Institute for Bioengineering of Catalonia 

TWO-PHOTON ACTIVATION OF FREELY DIFFUSIBLE ALLOSTERIC PHOTOSWITCHES 

Photosensitive molecules can control the activity of neurons with light patterns. These compounds 
allow mimicking the spatiotemporal complexity of cell-to-cell communication in the brain with 
unprecedented precision when compared to classical pharmacological agents. An example is 
pulsed illumination with near-infrared (NIR) lasers of caged neurotransmitters. NIR lasers can 
penetrate deep in scattering tissues, such as brain or brain slices, to define a micrometric volume 
where the neurotransmitters are released. For instance, NIR light pulses allow uncaging of 
glutamate in a volume the size of a dendritic spine. 
Recently, we developed alloswitch-1, an azobenzene-based photoswitch that allows to turn on/off 
the metabotropic glutamate receptor 5 (mGlu5) through cis/trans isomerization using violet/green 
light (Pittolo et al. 2014). The potency and subtype selectivity of alloswitch-1 is that of allosteric 
ligands. Here we aimed at photoswitching alloswitch-1 to itscisisoform using two-photon 
excitation (2PE). 2PE of azobenzene-based molecules was previously demonstrated in covalently 
tethered photoswitches (Izquierdo-Serra et al. 2014), but it was not obvious in the case of the 
freely-diffusible alloswitch-1. Since 2PE of alloswitch-1 to thecisisoform would constrain the optical 
activation of mGlu5 to a small volume, diffusion of thetransisoforms from outside the 2PE volume 
could replace the outgoingcisisoforms and block the signaling downstream of mGlu5. 
Here, we demonstrate 2PE of alloswitch-1 and some derivatives in cell cultures, and of 
alloswitch-1 in rodent brain slices. This is the first evidence that optical control of freely diffusible 
allosteric modulators of neuronal receptors is possible with pulsed NIR light. The 2PE of freely-
diffusible alloswitch-1 has an axial resolution of at least 10 μm and offers great opportunities to 
study neuronal circuits in intact tissues andin vivo with unprecedented pharmacological selectivity, 
tissue depth and spatial resolution. 

Sonja Kleinlogel                  WEDNESDAY 13.12 15:00-15:30 
Institute of Physiology, University of Bern, Switzerland  

TRANSLATIONAL REFINEMENT OF A DESIGNER OPTOGENETIC GENE THERAPY FOR THE 
RESTORATION OF VISION  

The majority of inherited retinal degenerations leading to blindness converge on the phenotype 
of photoreceptor cell death. The neurons of the inner retina, however, remain intact for an 
extended time period, which has led to creative optogenetic approaches to restore light 
sensitivity in the surviving retina. The major drawbacks of Channelrhodopsin-2 based restoration 
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of retinal light sensitivity are the extremely high and phototoxic light requirements for actuation as 
well as the protein’s immunogenic microbial origin. To overcome these limitations, we designed 
an endogenous human next-generation optogenetic tool that is actuated by daylight. Opto-
mGluR6 is a chimeric protein tailored for the ON-bipolar cells, the retinal interneurons conveying 
the light signal from photoreceptors to the output neurons of the retina, the ganglion cells. The 
rationale of engineering was to introduce a light sensing domain of a human opsin into the native 
metabotropic glutamate receptor mGluR6. We showed in a transgenic mouse model and in gene 
therapeutically treated mice that Opto-mGluR6 reliably recovers vision at the retinal, cortical, and 
behavioral levels under moderate daylight illumination. However, key in the path to clinical 
translation of Opto-mGluR6 is the efficacy and specificity of its gene therapeutic delivery. What is 
required are cell-specific promoters still functional in degeneration and synthetic adeno-
associated viral vectors with the ability to penetrate to the ON-bipolar cells even in scarred 
degenerated retinal tissue. Molecular tools that have been optimized for mouse retina proved 
unsatisfying when applied to human tissue or intact eyes of NHP, generally lacking efficiency and 
specificity. We optimized effective targeting of Opto-mGluR6 to retinal ON-bipolar cells of the 
human ex vivo retina to advance a potential Opto- mGluR6 gene therapy one step closer to 
clinical trials. 

Keith Mathieson                            WEDNESDAY 13.12 15:30-16:00 
University of Strathclyde 

MICROLED DEVICES FOR OPTOGENETICS 

N. McAlinden1, T. Tsunematsu2, A. Boudet1, G. Varkonyi1, R. Winstanley1, F. Pisano1, Y. Cheng1, E. 
Xie1, S. Sakata2, R. Scharf3, R. Sharma3, P. Tathireddy3, L. Rieth5, A. Angelucci4, R. Normann3, E. 
Zampaglione6, J. Roebber6, S. Blair3, A. Sher6, M. D. Dawson1, K Mathieson1 

1 Institute of Photonics, Dept. of Physics, University of Strathclyde, Glasgow, G1 1RD 
2 Strathclyde Inst. of Pharmacy and Biomedical Sciences, University of Strathclyde, Glasgow G4 0RE 
3 Dept. of Electrical and Computer Engineering, University of Utah, Salt Lake City, Utah 84112, USA 
4 School of Medicine, University of Utah, Salt Lake City, Utah 84112, USA 
5 Feinstein Institute for Medical Research, Manhasset, NY 11030, USA 
6 SCIPP, University of California Santa Cruz, Santa Cruz, CA, USA 

Optogenetics is now an established technique in neuroscience, allowing optical control over 
specific neurons. However, delivering spatiotemporal patterns of light to neural circuits, either 
over large areas or at depth in tissue, is still a challenge. Techniques such as multiphoton 
microscopy have allowed depths up to ~1mm to be perturbed [1], but delivering light to depths 
beyond this requires insertion of a device, such as an optical fibre [2] or microfabricated structures 
containing waveguides [3] or miniature light sources such as microLEDs [4-5]. 
Here we report on the efforts to use microLEDs, formed from gallium nitride (GaN) based 
materials, to provide spatiotemporal control over neural circuits either at depth during in vivo 
experiments or over large areas for in vitro preparations. 
More specifically, we show in vivo optogenetic control over neurons in the mouse cortex [6] and 
highlight work on membrane LED devices capable of being transfer printed to non-native 
substrates with either improved thermal characteristics (diamond membranes) or providing 
sophisticated control (CMOS circuitry). 
The microLED devices have also been integrated with glass optrode arrays in the style of the well-
known Utah arrays [7]. This has the potential to allow 181 independent optical sites that are 

Marco Pisanello
10



controlled electrically and so able to be packaged into a miniature system for studies in the non-
human primate.  
The microLED technology can also be used for in vitro experiments where systems can provide 
large area control over neural circuits with high-temporal resolution. We demonstrate this through 
the optogenetic control of retinal ganglion cells in an in vitro preparation of the mouse retina. We 
show that by combining the microLED device with high-density electrophysiological recordings 
from a microelectrode array, we can attribute the cell function to the genetic sub-type for 
populations of RGCs [8]. 
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