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Recently, several promising measures of consciousness have been developed and tested, with high
accuracy in separating conscious and unconscious statéSasali et al., 2013; King et al., 2013;
Koch, Massimini, Boly, & Tononi, 2016)However, the neural mechanisms underlying changes in
consciousstates are not well understood. We reproducedith The Neural Simulation Tool (NEST)

a computational corticothalamic model originally developed in the neural simulato6ynthesiy

Hill & Tononi (2005), which has functional states similar to deegleep and awake states in the
mammalian brain. These simulated states can be used to investigate the neural properties
necessary for similar conscious states in the human brain. We have reproduced the model with
similar functional and structural properties, thereby validating the original findings, as well as
providing a foundation for implementing in silico several promising metrics of consciousness
based on electrophysiology. In conjunction with electrophysiological experiments on humans and
mice we will use the model to investigate and test theories of consciousness such as Integrated
Information Theory (Oizumi, Albantakis, & Tononi, 2014)and the Global Neuronal Workspace
Theory (Dehaene, Charles, King, & Marti, 2014)
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The medial entorhinal cortex(MEC)is the hub of a spatial representation system consisting of a

variety of functional cell types,including grid cells, border cells and head direction cellsvhich

AAAE OADPOAOGAT O A OPAAEALAEA Al Ai AT O 1 deudnslaled AT EI Al
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environment, these cells must have access to information about tloairrent speed of the animal.
Speedresponsive cells have recently been shown to exig the MEC circuit (Kropff et al., 2015).

Here we show thatmore than half of the entorhinal speedcell population has interneurontlike

firing properties, such as narrow waveformsand high firing rates.Around 60% of all fastspiking

cells were speedmodulated, as wasmore than onethird of the hippocampusprojecting fast

spiking cells.Usingtransgenic micewith Cre expressed in neurons positive for parvalbumin (PV)

or somatostatin (SST) in combination with local entorhinal injections of channelrhodopsn
(ChR2)expressing Credependent adeneassociatedvirus (AAV), we are currently investigating

the molecular identity of the fastspiking speed cells. Since a large portion of RMbsitive cells, but

not SSTpositive cells, in MEC layer lI/lll project to the hippocampus,we hypothesise that PV

positive interneurons are largely speedmodulated whereas SSTositive interneurons are not.
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Principal neurons constitute the largest neuron population in the entorhinal cortex, as in most
other areas of the brain. However, interneurons (INs) play an impoant role in information
processing in all brain areas. We have investigated whether distinct subsets of INs receive specific
extrinsic or local inputs, and whether there are differences within the networks of INs in the two
subdivisions of the entorhinal ortex, the lateral (LEC) and medial entorhinal cortex (MEC). Using
a monosynaptic tracing system with a modified rabies virus, we investigated inputs to specific
interneuron groups in LEC and MEC. Parvalbumin (PV) cedlee the most numerous IN subgroup,
making up approximately 50% of the total IN population. PV cells in MEC receive the majority of
their inputs from the hippocampal and parahippocampal regions, whereas LEC PV cells get their
main input from the neocortex, piriform cortex and subcortical area. This input pattern closely
resembles the total input to the entorhinal subdivisions described in classical tracer studies
(Burwell & Amaral, 1998). Interestingly, when looking at the intrinsic connections of PV cells in
the two subdivisions this seemed different. P\¢ells in MEC received aubstantially smaller
percentage of their inputs from the local network compared to PXells in LEC. When investigating
the connections of somatostatin cells, another major interneuron subgroup, we saw similar
results. This indicates that INs in EC receivexternal inputs that are similar to those received by
the total cell population. However, the local connectivity across the two subdivisions could be
different.
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Background: Increased intraindividual variability (IIV) has been repeatedly associated with
ADHD and considered an etiologically important factor for the disorder. However, it has also been
described as a transdiagnostic marker for general psychopathology, and has in normal aging been
asumed to be associated with reduced cognitive control. Recent findings from a study of children
with ADHD indicate that increased IV is secondary to working memory (WM) deficits. Based on
these findings we aimed at investigating whether 11V, measured usiran exGaussian approach,
would differentiate between a group of cognitively highfunctioning adults with ADHD and a
group of healthy controls (HC), or whether differences in 11V would be more closely associated
with scores on a WMmeasure, independently 6 ADHD.Methods: 28 adults with ADHD and 28
HCs completed the Stop Signal Task, generating reaction time measures, as well as the Paced
Auditory Serial Addition Test and the ColotWord Interference Task (CWIT) to obtain measures
of WM and a combination ofnhibition and switching, respectively. Results: The groups did not
differ on measures of 1IV or WM, but analyses showed a significant difference in IV between
participants scoring in the lowest and highest quartiles on WMg(=.011). The correlation betvween

IIV and both the WM and CWIT scores were significanpg < .01) across the entire sample.
Conclusion: The findings provide preliminary support for the notion that 11V in adult ADHD is
secondary to reduced WM, and a strong association between increadéd and reduced cognitive
control.
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the different sensory modalities. Earlier studies have shown that visual, tactile and proprioceptive

information contributes to this process. However, little is kmwn about the possible role on

auditory cues in the multisensory integration of bodily signals. To address this issue we studied

the effect of auditory feedback in the somatic rubber hand illusion. The classic version of this

illusion is elicited by repeatedly moving the blindfolded participant's left index finger so that it

touches a right rubber hand, whilst synchronously touching the participant's real right hand. After
approximately 10s of such stimulation, most participants experience an illusion of trehing their

own hand. We created four conditions and tested 30 healthy participants: (1) synchronous

touches without auditory cues (classic illusion); (2) asynchronous touches without auditory cues

(control); (3) synchronous touches withsynchronous auditry cues (4) synchronous touches with
asynchronous auditory cueg he questionnaire results showed that the illusion was elicited in all

condition with synchronous touches. Importantly, we observed significantly greater
proprioceptive drift towards the ru bber hand in the synchronous auditory condition compared to

both the asynchronous auditory condition (p = 0.0075) and the condition with synchronous

touches without auditory feedback (p = 0.0225). These results demonstrate that auditory cues

modulate thesomatic rubber-hand illusion. This suggests that auditory information is used in the

£l O ACET T OEA AT EAOAT O 1 OI OEOGAT 01 U OAPOAOGAT OAOQE
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Entorhinal cortex constitutes the main gateway for information entering the hippocampal
formation. Projections to the hippocampal subfields dentate gyrus and CA2/CA3 originate mainly
from reelin immunoreactive cells in layer Il of both entorhinal sibdivisions, the lateral and medial
entorhinal cortex (LEC and MEC, respectively). Reelin immunoreactive stellate cells in MEC layer
Il communicate with each other almost exclusively through fasspiking (FS) inhibitory
interneurons (Coueyet al.,2013; Pastoll et al.,2013), but little is known about the local circuit
organization of principal cells in layer Il of LEC.

In this study, we sought to explore the local microcircuit of principal cells in layer Il of LEC. We
carried out simultaneous wholecell recordings in vitro of clusters of up to four neurons in LEC
layer Il, aiming to record from fan cells. Most recorded clusters contained a mix of all principal cell
types, however, fan cells were most abundant. Among 98 pairs of morphologically recovered fan
cells, excitatory connections were observed in three pairs. In contrast, six inhibitory connections
were detected in the same data set, likely due to activation of an intermediate interneuron.
Subsequent recordings from clusters of fan cells and interneans showed stronger inhibitory
input to fan cells from FS interneurons compared to notfiast spiking interneurons. Our data point
to sparse monosynaptic connectivity between fan cells and further suggest an important role for
FS interneurons in the fan celimicrocircuit. Whether a similar microcircuit organization also
applies to the other principal cell types in layer Il is not clear.
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Human and animal studies indicate theimportance of prefrontal cortex (PFC) in cognitive
processes, mcluding attention and working memory. In earlier work, mice were traned in an
attention-demanding goal-directed task, the 3choice sefal reaction time task. In thetask the
animals are required to reportthe location of a visual cueand the responses are clased as
correct, incorrect or omitted. Neurons in medial PFC wergecorded extracellularily, and wide

spiking putative pyramidal neurons (PC) and fasspiking inhibitory parvalbumin (PV) expressing
interneurons were identified. The firing of P\tinterneurons were statistically different during

attentional processing in correct and incorrecttrials. Optogenetic suppression ad 40 Hz drive of
PV-interneuron activity were found to reduce and ehance behavioural performancetespectively
(Kim et al. Cell 2016).In the current project we haveanalysed the firing patterns in tems of
degree of rhythmicity in firing (oscillation score), variation in firing frequency and variation in

spikes per bin. Preliminay result on all three measuresonfirm a statistical difference betwee

correct and incorrect trials during attentional processing. Giventhese differences, population
average fequency histogram and meanrequency over time are howeverguite similar. We are
therefore applying temporal pattern detection methods in attempts to icentify potential spike

pattern differences. Moreover, we ardesting a hypothesis based orromputational modelling

using so calkd Bump attractor networks. Inparticular, given the experimental evidence foithe

importance of PV-interneuron activity, we are investigating the differences inPV-interneuron

activity in correct andincorrect trials as predictedby the model.
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Understanding the interactions between cortical and limbic brain regions is the key for
understanding how animals build a mental map of their environment and generate/store
memories in highly interconnected circuits of the brain. One key strategy for studlyg these
computations is to monitor the activity of the entire corticalimbic assembly of the brain and
record the activity of thousandsof individual neurons simultaneously, in large scale and with
sufficient detail. The small and transparent brain of a small vertebrate, the zebrafish, provides a
AAAOCGEAT A O1I 1 OOEIT O1 OEA pPOT AT AT 1T &£ AT AETET C OC
Despitethe common public belief, the fish are able to perform well in challenging cognitive tasks
and exhibit learned behaviours. It is however less clear whether larval zebrafistan perform such
complex cognitive tasksIn order to study whether and how larvalzebrafish can perform classical
learning, we developed a fully automated, mediurthroughput conditioned place avoidance task,
where up to 6 freely behaving zebrafish larvae can interact with their environment in a closed
loop configuration. We showed thaistarting from 1 week post fertilization zebrafish larvae can
very quickly learn to avoid distinct zones of the behavioral arena marked by visual cues. We also
showed that the animd performance increases across development. We are now investigating
temporal aspects ofthese learned behaviors andtesting the longterm retention of these
memories. Our ultimate goal is to study the changes in brain connectivity associated with learning
in the zebrafish homologues othe hippocampus and amygdala.
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In order to successfully interact with our dynamic environment, we need to make aaccurate

estimation of what is up, down, left and right from us, also referred to as sedfientation

perception. Séf-orientation perception is a result of visualvestibular integration. Previous

research has shown that missing or ambiguous sensory information (e.g. whéhe visual input is

altered)h AAT 1 AAA O A DPAOAAT @EAAdso keAwhiagEdEJ OAROEGAAE
E1 1 OO Edin obtige préder research project was to investigate the role of body ownership on
self-orientation perception. More specifically, we proposed that ownership might affect the

weighting of visualvestibular information and thus influence perception of sdlorientation. Body

ownership was manipulated using synchronous and asynchronous visutdctile stimulation of a

body seen from firstperson perspective by means of virtual reality. Meanwhile, the visual scene,

a fully furnished room, was rotated slowly aound the roll axis. At a 180° stop, participantbad to

EOACA OEA ADPPAAOATAA T &£ A OOEAAAA AEOES - OOEI Ol
dimensional spheres and, as light it assumed to come from above, the perception of a shaded disk
depends on sulpectively perceived selforientation. Results showed that illusory ownership

affected the 3dimensional interpretation of the shaded disk stimuli and hence caused a
reweighting of visuaklvestibular input. Visual cues overruled the gravitational forces detged by

the vestibular system, resulting in an experience of an inveion illusion. The resultsindicate that

body ownership is necessary for ouperception
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Hippocampal electrophysiological oscillations, namely theta and ripples, have been implicated in
encoding and consolidation of new memories, respectively. According to existing literature,
hippocampal dentte spikes are prominent, shortduration (< 30 ms), largeamplitude (~2-4 mV)
fluctuations in hilar local-field potentials that take place during awake immobility and sleep.
Interestingly, previous studies indicate that during dentate spikes dentate gyrugranule cells
increase their firing while firing of CA1 pyramidal cells are suppressed, thus resulting in
momentary uncoupling of the two hippocampal subregions. To date, the behavioral significance
of dentate spikes is unknown. Here, to study the possiblele of dentate spikes in learning, we
trained adult male SpragueDawley rats in trace eyeblink classical conditioning. For one hour
immediately following each conditioning session, one group of animals received hippocampal
stimulation via the ventral hippocampal commissura (vHC) contingent on dentate spikes to
disrupt the uncoupling between the dentate gyrus and the CA1 subregions. A yoked control group
was stimulated during immobility, irrespective of brain state, and another control group was not
stimulated at all. As a result, learning was impaired only in the group where vHC stimulation was
administered contingent on dentate spikes. Our results suggest dentate spikes and/or the
associated uncoupling of the dentate gyrus and the CAl play a significamler in memory
consolidation. Dentate spikes could possibly reflect reactivation and refinement of a memory
trace within the dentate gyrus triggered by input from the entorhinal cortex.
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Recent interest in consciousness has created a surge in research trying to objectively assess levels
and states of consciousness. However, little is known about whether psychedelic states, with their
altered phenomenology, affect putative measures of lewebf consciousness.

Perturbational complexity index (PCI) is aheoretically based index of consciousnesdetermined

by perturbing cortical activity with transcranial magnetic stimulation (TMS) and calculating the
algorithmic complexity of the spatiotemparal dynamics of the electroencephalographic (EEG)
response. PCI has been used to assess levels of consciousness across different states and patient
groups. Fully conscious states such as wakefulness give high PCI values, whereas deep sleep,
anaesthesia, ad other unconscious states give low PCI (Casali et al., 2013).

Anaesthetic doses of ketamine produce behavioural unresponsiveness, accompanied with vivid
dreams, and is associated with high PCI scores similar to wakefulness (Sarasso et al., 2015). Since
sub-anaesthetic doses of ketamine give a qualitatively changed, psychedelic state of wakefulness
without changing the physiological level of arousal, we wanted to test, for the first time, whether
PCI changes in this condition compared to normal wakefulness

Using subanaesthetic doses of ketamine in ten healthy participants, we measured PCl by TMS and
high-density EEG in parietal and premotor cortices, before, during, and after ketamine
administration. We found no significant changes in PCI scores inducég ketamine, even when
controlling for the intensity of the psychedelic experience. These results contribute to the
discussion of how levels and contents of consciousness are related. Additional methodological and
experimental issues will be discussed.

Casali, A. G., Gosseries, O., Rosanova, M., Boly, M., Sarasso, S., Casali&KMRssimini, M. (2013). A
theoretically based index of consciousness independent of sensory processing and behav&mience
translational medicine 5(198), 198ral05-198ral05.

Sarasso, S., Boly, M., Napolitani, M., Gosseries, O., Cha¥endlle, V., Casarotto, S., ... & Rex, S. (2015).

Consciousness and complexity during unresponsiveness induced by propofol, xenon, and ketam{@errent
Biology,25(23), 3099-3105.
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The hippocampus receives inputs from a variety of spatially modulated cells in the medial
entorhinal cortex, including grid, border and head direction cells. These inputs are thought to be
integrated by individual hippocampal cells and influence the properties of their place fields, which
OAPOAOGAT O AT AT EI Al 60 OPAAEAZEA 11T AAOQOEIT T Ed ODPAAR
spatially localised firing patterns can be achieved by integrating inputs from grid cells of different
modules. However, which entorhinal cortical cell type(s) and grid cell modules are involved in the
Al O AGET 1 1 s/pladk fiellEemgris Aned&r A1 1 &

We are developing a method that utilises a developmental approach to achieve extreme virus
dilutions. This enables us to target a single cell in the CARBibfield of the hippocampus with a
pseudotyped and Gprotein deleted rabies virus expressing Chamelrhodopsin-2 (ChR2). The
retrograde, monosynaptic transfer of the virus from this single cell will allow us to detect its inputs
in layer 2 of the medial entorhinal cortex. Using electrophysiology and lighthediated activation

of ChR2 we can thus identif the spatial properties of these input cells while the animal is
exploring an open field environment.

We present preliminary data showing that targeting a large group of cells in CA3 with this method
allows us to identify spatially modulated cells, incluéhg grid and aperiodic spatial cells, which
provide direct, monosynaptic input to the hippocampus. Hence, these preof-concept results
demonstrate the potential of using this method to functionally identify the inputs to a single cell
in vivo.
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GABAergic interneurons in the hippocampus form a highly diverse group with 25 identified cell

types only in the CA1 ippocampal region. The oriens lacunosurmoleculare (OLM) cell plays an

important role in gating the information flow received from the internal (CA3) and external

(entorhinal cortex) inputs to CA1 pyramidal cells. We have previously shown that a subpopuiai

T£ 1,- AAT1O0 AGbOAOGO OEA 1T EAT OETEA AAAOUI AET T ET .
cells. Previous studies suggest that dorsal and ventral hippocampus exert cognition and emotion

related functions, respectively. We will attempt to further nvestigate this hypothesis and the

O1 AAOI UET ¢ EEDPDPI AAi PAI AEOAOEOOU8S 7A &£ O A OEAO
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cells had an anxiolytic effectin an innate anxiety predator odor task. Our observations also
OAOAAT AA OEAO /,-1¢ AAI T O Adogendént o caled ByfeR2itheta £l OA A
oscillations, which seem to propagate from ventral to dorsal hippocampus. Our ongoing work

attempts to answer how the observed phenotypes are reflected in the local field potential activity

(LFP), both locally and in the interaction with hippocampusassociated structures. To answer this

guestion, we are recording LFP along the dorseentral hippocampal axis, prefrontal cortex and

amygdala during the behavioral paradigms mentioned above. Potential circuit mechanisms

underlying the observed behaviors, both intraand inter-structural, will be discussed.
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Attention allows us to filter out irrelevant information in favor of relevant information. The medial
prefrontal cortex (MPFC) has been demonstrated as central to the control of attention, and
directly influences sensory processing. The cellular and physiological underpinnings are yet to be
characteized, including the action of subcortical neuromodulators. We could recently show that
local fastspiking inhibitory interneurons expressing parvalbumin (FSPV) directly contributes to
fo&#60 AT 10011 1T &£ AOOGAT OET 1T | -PEreurdhcsrrelatbsdothemp ¢ 48
level of attention allocated in goaldirected behavior, and mPFC FBV neurons synchronize the
activity of local populations of excitatory neurons during successful attentional processing.
Generation of cortical gamma oscillatins has been linked to the activity of inhibitory longrange
input from the basal forebrain (BF). Moreover, the PFC is a key site for cholinergic mediation of
both attentional control processes and cue detection, and disruption of cholinergic transmission
is associated with impaired attention in a variety of neuropsychiatric disorders, including ADHD
and schizophrenia.

We have traced the monosynaptic input from the BF to four different cell types in the mPFC,
creating a complete anatomical map of the circti We are currently performing functional
investigations of several celtypes in the BF giving input to PFC. Using optogenetics in mice
performing a demanding attention task we are investigating the role of cholinergic and loAginge
PV neurons in the BFrespectively, in mPFC control of attention. As a next step we will combine
the optogenetic manipulations with recordings of mPFC activities during attention.

42



A15: Postrhinal projections to the parahippocampal region in the rat
- T. Doan, MP. Witter

Presenter: Thanh Doan- Norwegian University of Science and Technology
Theme:Cognition
Posterboard number:15
Time of presentation:Wednesday June 71430-1630

The rodent postrhinal cortex (POR), homologous to the primate parahippocampal cortex,
provides the major visual and visuospatial input to the parahippocampal region (PHR) and
hippocampal formation. It is involved in contextual information processing, likely by monitoring
and signaling changes in the spatial environment. Several studies have attempted to describe the
projections of the POR to the PHR but a detailed comprehensidescription is still lacking.

The present study examined the topographical and laminar organizatiasf POR projections to the
PHR in the rat with the use of anterograde tracers, Phaseolus vulgat@iccoagglutinin,
biotinylated dextran amine and conjugated dextran amine.

Our results corroborated previous findings demonstrating an extensive intrinsic camectivity in
POR and dense projections to the medial entorhinal cortex (MEC). We found that the dorsal part
of POR projects to ventral MEC and that the ventral part of POR projects to dorsal MEC. Our
experiments also revealed substantial POR projections tbe perirhinal cortex (PER) and lateral
entorhinal cortex (LEC) building upon previous findings (Burwell and Amaral 1998). This
challenges the current concept of parallel input pathways to the hippocampal memory system
mediated by distinct PERLEC and PORIEC streams, and suggests a mazemplex role of POR in
the PHR.

Burwell, R. D. and D. G. Amaral (1998). "Perirhinal and postrhinal cortices of the rat: interconnectivity and
connections with the entorhinal cortex." J Comp Neurol 391(3): 29321.
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Abstract;

The prefrontal cortex (PFC) is pivotal to cognitive and emotional processing, and changed activity
in the prefrontal network is thought to underlie symptomatology in neuropsychiatric disorders
and addiction. Activity in the PFC is shaped both lilge balance of inhibitory and excitatory actions
in the local network and by longrange input from other brain areas, including neuromodulatory
systems. We map for the first time all moneynaptic input to three central populations of
inhibitory interneuro ns (parvalbumin, somatostatin or vasointestinal peptide expressing) and to
the excitatory (calcium/calmodulin-dependent protein kinase I expressing) neurons,
respectively, in the mPFC. For this we developed a twa@ctor system (one adeneassociated viral
vector (AAV) and one rabies vector) for retrograde tracing of monosynaptic inputs to genetically
defined populations of neurons. The AAV has been modified to enable reliable identification of
starter cells. The EGFP expressing input neurons can be plottedthe 3D space onto a reference
atlas using our recently developed software suit.

Our preliminary data shows that the three types of inhibitory neurons and the excitatory neurons
receive a surprisingly high degree of similar inputs. The main input to dih excitatory and
inhibitory neurons in PFC is derived locally, but all four types also receive extensive lomngnge
input from the rest of cortex. Subcortically the basal forebrain and thalamus provide the most
prominent input. We are currently performing detailed analysis of the molecular characteristics
of key input areas to establish how specific cetlypes provide input to the mPFC circuitry.
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integration of visual, tactile andproprioceptive signals. In this study we devised a new setup that
Al1TTxAA OO0 O AEOPI AAA DPAOOEAEDPAT 060 OECEO EA

accomplished this by having the participants view a live video feed of their hand. In the active
condition we made use of a sensorimotor illusion that caused the participants to actively but
unknowingly displace their own hand, whereas in the passive condition we displaced the
participants hand slowly enough for it to go by unnoticed by the participants. W&how that during
AAOEOA AEODPI AAAT AT 6h OEA DAOOEAEDPAT OO AOA OECIE
location compared to passive displacement. These results indicate that the recalibration of the
EAT AGO ODPAOGEAI bl OE Qvhdther thd BamaOeen Aidplded dctivélyCor T 1
passively. We further show that the same effect is observed when the participants see a block of
wood instead of their hand in the visual location of their hand, which indicates that this effect is
independent of ownership over the visual object. These results have bearing on the perceptual
mechanisms of recalibration of perceived limb location.
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Febrile seizures (FS) are the most widepread type of earlylife seizures, which may cause
temporal lobe epilepsy later in life. Hyperthermiarelated hyperventilation resulting in blood and
brain alkalosis has been identified as one the mechanism triggering FS. FS are characterized by
limbic onset and progressive generalization. This pattern suggests spreading of the ictal activity
from limbic structures to the brainstem. Whether the brain stem might act as an independent
generator of FS has not been studied so far.

Precollicular brain transedion was done in P13 rat pups to completely isolate the brainstem from
the forebrain. Standard procedures of hyperthermia or 3 mg/kg kainic acid (KA) i.p. injection were
used to provoke experimental FS and kainate seizures, respectively, in transected astethm:
operated rats. Behavioral seizures were evaluated using video recording, and blood p¥hs
measured at seizure onset.

Strikingly, in both the FS and KA model, transected rats had shorter latency to seizure onset than
shamroperated animals, with more gvere (i.e. tonusclonus) initial seizures, which were not
preceded by typical behaviors related to the onset of limbic seizures. FS in transected animals had
a lower temperature threshold than in shamoperated, but similar bloodpH.

The brainstem has a lgh sensitivity to standard triggers of seizures, hyperthermia and kainate,
which have previously been thought to primarily act via limbic circuits. Our data further suggest
that the forebrain may actively suppress brainstem seizures.
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During development interneurons (INs) are derived from the ventrally located ganglionic
eminences (GE). While cortical and hippocampal INs have been shown to derive from both medial
GE and caudal GE, all striatal interneuron populations so far describedginate in the medial GE.
In addition, while the majority of the telencephalon, including cortex and hippocampus is largely
excitatory, the principal cells of the striatum (SPNSs) are inhibitory. Meaning that INs with shared
developmental origin integrate nto functionally distinct local circuits. In order to investigate if
this integration in anyway affects the molecular and electrophysiological identity of these cells, or
if functional similarities of INs in these distinct circuits are reflected in their nolecular profile. To
address this we performed singlecell RNA sequencing in combination with wholeell
electrophysiological recordings (PatchSeq) on a wide range of telencephalic interneurons. Our
results reveal that there are significant differences beteen Pvalbbexpressing cells of the striatum
and cortex. Furthermore, striatal Pvalbexpressing cells are part of a larger transcriptionally
defined Pthlh-expressing population, not uniformly expressing Pvalb, exhibiting a continuum of
electrophysiological properties. Our findings therefore suggest that molecular identity
corresponds to, and explains functional identity. In addition, it shows that despite shared
developmental origin, the integration into distinct circuits affects both the molecular as wellsa
the electrophysiological identity of MGE derived INs.
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The neuronal network of the cortex is composed of two main neuronal populations: glutamatergic
projection neurons that communicate with other brain regions, and GABAergic interneurons that
control the network output by modulating the activity of projection neurons. Defects in the
GABAergic system are discussed to be involved in the pathogenesis of several neuroklgic
diseases, and hence, major research efforts have been devoted to the understanding of
interneuron generation, migration, network integration and survival.

Cortical interneurons are generated in the ganglionic eminences, and migrate tangentially intceth
developing cortex where they distribute radially to settle in the correct layer, and to integrate into
the local network. The final maturation of GABAergic interneurons contimes well into postnatal
stages.

Activin receptor-like kinase 4 (Alk4) is expresed in both glutamatergic and GABAergic neurons.
As a type | receptor for several members of the T@¥eta superfamily, it signals in conjunction
with activin receptor type IIB upon ligand binding.

Despite almost ubiquitous expression in the embryonic brairwe find that Alk4 signaling in
GABAergic precursor cells is required specifically for the development of the somatostatin and
reelin expressing subtypes of interneurons. The loss of these interneurons leads to a decreased
seizure threshold in the adult maise.
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A variety of ligand types signal through the p75 neurotrophin receptor (p78'R) either alone or in
complex with a number of different careceptors. The cellular outcomes of these different ligands
are diverse, and which pathway is predominant depends upon the relative availability of the
different ligands and cereceptors. Expressn of these proteins varies depending on tissue type
and developmental stage but also in response to neuronal activity and external events.

To study the roles of specific p78Rpathwaysin vivo,we generated mice carrying a point mutation
in the p75NTR transmembrane domain (C259A), which reduces the response of the receptor to
neurotrophins but not to myelin derived ligands, such as Nogo or MAG (Vilar et al, Neuron 2009).

Here we show that C259A mice have an increased activation of pathways downstreafmoyelin
derived ligands and that these animals do not show the same changes in anxious and depressive
behaviours observed inp75NTRnull (KO) mice. Interestingly, exposure to early life stress, which
alter the neurotrophin levels in the hippocampus, havalifferential effects upon both dendritic
complexity and behaviours of wildtype, C259A ang75NTRKO mice. These results suggest a
balanced interplay between the different signalling pathways mediated bp75NTR and that both
external events and genetic dferences can skew this balance.
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spanning multiple interconnected brain regions and including place cells in the hippocampuand
grid, border, head direction and speed cells in the medial entorhinal cortex. Properties of these
cells are thought to reflect the intrinsic connectivity of the entorhinalhippocampal network.
However, little is known about how this extended microcircit is assembled during development.
Place, border and head direction cells exhibit adulike features from the onset of spatial
navigation at 23 weeks of age, while the periodic firing pattern of grid cells emerges later, at
approximately 4 weeks, suggemg that early interactions between subregions of the network
might be crucial for the eventual emergence of spatially specific firing.

To determine how this network is set up during early postnatal development, we monitored
markers of structural maturation in developing mice, both in naive animals and after temporally
restricted pharmacogenetic silencing of specific cell populations. Our data show that the
entorhinal-hippocampal circuit matures in a linear sequence that recapitulates excitatory
information flow through the adult network. Entorhinal stellate cells provide an activity
dependent instructive signal that drives maturation sequentially and unidirectionally through the
intrinsic circuits of the entorhinal-hippocampal network. Excitatory activity at each stage of the
circuit is necessary for the development of the following stages. These findings raise the
possibility that a small number of autonomously developing neuronal populations operate as
intrinsic drivers of maturation across widespread regions of cortex.
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The Na,K+-ATPase isozyme maintains the gradient of Nand K- across the cell membrane and
restores ion concentration in excitable tissues. FXYDs are a family of seven tissue specific ion
transport regulators that modulate Na,K~-! 4 0 AOA AAOE OE ONKA AubunisBitieET ¢ OfF
nervous system FXYD6 and FXYD7 éterown to favor extracellular K- removal after neuron firing

and to differentially modulate the Na,K+ATPase affinity for K, with FXYD6 increasing the affinity
forkKt+x EAT A E -NKK O@in itrp studies conducted on stem cells derivednotor neurons
(MNs) andin vivo investigations in mouse tissues demonstrate that FXYDG6 is highly expressed
during MN development. Interestingly, while the majority of somatic MNs present in the spinal
cord down-regulates FXYD6 during early postnatal stages, restrictetibpopulations maintain the
expression also during adulthood. Moreover, transcriptomic analysis of human tissue
demonstrates that FXYD6 and FXYD?7 are differentially expressed in somatic MNs and mutually
exclusive during adulthood. Importantly, MNs with diferential vulnerability to degeneration in
amyotrophic lateral sclerosis (ALS) express these two isoforms at different levels; FXYD6 is found
in slow-twitch spinal MNs and oculomotor neurons which are relatively resistant, while FXYD7 is
preferential to vulnerable spinal MNs. Further studies revealed that autonomic MNs present in
the intermediolateral nucleus (IML) of the spinal cord, also resistant in ALS, show high FXYD6
protein levels. Since differential regulation of the isozyme could potentially affeN homeostasis
and survival, FXYD6 and FXYD7 could become potential targets to further clarify MN differential
vulnerability.
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Perineuronal nets (PNNs) are a specialized form of extracellular matrix in the CNS that mainly
enwraps parvalbumin (PV) expressing inhibitory interneurons. They assemble in parallel with the
maturation of the inhibitory network and closure of critical period plasticity. Several lines of
evidence support a role for PNNs in limiting adult brain plasticity and in the pathology of some
neurological disorders. While the mature PNN is a structure of several components, recent work
suggests that aggrecan, a produof the ACAN gene, is vital for the PNNs. To investigate the role
of aggrecan for PNN assembly and stability, and its contribution to brain plasticity, we have
developed a Cranducible conditional ACAN knockout mouse.

To introduce Cre to the ACAN mousge either injected a viral vector expressing Cre recombinase
under control of the synapsin promoter in adult mice, or crossed the mice with P&re mice that
express Cre downstream of the PV transcript.

Conditional knockout of ACAN efficiently eliminated both aggrecan and PNNs with both
approaches. Adult ACAN/P\MCre mice were lacking PNNs in all cortical areas. Functional
characterization of the mouse line is currently being conducted using different behavioral tests
and in vivo electrophysiological recodings. Preliminary data suggest that ACAN knockout leads
to lifelong high plasticity levels, and that animals without PNNs show reduced levels of anxiety.

Our results indicate that aggrecan is vital for the assembly and stability of PNNs, making the ACAN
mouse a robust tool enabling targeted investigations to reveal the role of PNNs in plasticity and
disease.
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The p75 neurotrophin receptor (p75VTR) orchestrates injury responses in the nervous system. It
signals through three mainsignaling pathways: i) JNK/cell death, ii) NFkB and iii) RhoA.
Activation of the NFkB pathway upon NGF binding to p7%R depends upon recruitment of the
serine/threonine -protein kinase (RIP2) to the p7%TRdeath domain. This is thought to promote
cell survival, but evidence in neuronal cells is lacking. Here we report that RIRZ75NTRmediated
NFKB activation is essential for survival of cerebellar granule neurons (CGN) vivo during
cerebellar development. Neurons lacking RIP2 fail to activate NdB pathway in response to NGF,
leading to increased CGNs apoptotic activity. Loss of RIP2 induces the activation of INK pathway
by increasing recruitment of TNFassociated factor 6 (Traf6) to p75™. Moreover, we show that
RIP2 competes with Traf6 to bind to pBNTRin a steric hindrance mechanism. Adult RIP2 mutant
mice exhibit reduction in CNG numbers, increased CGN dendritic length and reduction in-PE
synaptic markers and PC spines. Together, these findings reveal that interaction with RIP2 is
crucial for p75NTRmediated survival of CGNs and formation and maintenance of proper adult
cerebellar architecture.
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Binding objects or events together in place and time is one of the fundamental functions for an
animal to survive successfully in its environment. In mammals, the neural basis of spatial memory
has been thought to largely reside in the hippocampus and paratppcampal regions. One of the
relevant parahippocampal areas is the postrhinal cortex (POR), which provides spatial and
contextual information from parietal and visual cortex (Furtak et al. 2007) to the hippocampus
through its projection to the medial entothinal cortex (MEC). POR provides a main excitatory
input to neurons in layer Il of MEC that in turn project to the dentate gyrus and CA3 of the
hippocampus (Koganezawa et al. 2015)

The various types of spatially modulated neurons in MEC show a gradual posthatal emergence
(Tan et al., 2016).This gradual emergence may depend on the development of main inputs and we
thus studied the postnatal development of POR inputs to MEC.

By combining anterogradetracing and intracellular filling of retrogradely identified projection
neurons in MEC, we studied the postnatal development of POR projections to MEC in rats. Our
results showed that from P3 until P23 the density of these projections incesed from dorsal to
ventral, but always stayed in line with the adult topography Eurtak et al. 2007). We further used
voltage dye imaging to determine the postnatal establishment of a functional connectivity. This
electrophysiological approach revealed tht LIl/lIIl and LV neurons of POR make functional
contacts in MEC from P1d1 onwards and there is a progressive decrease in the POR network
excitability between P5 and P23. The main functional changes of the PEGR projection happens
after the first half of the second postnatal week, coinciding with a developmental shift in the
actions of GABA.
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The laminar organization of the cerebral cortex comes about as result of sequential migration of
neurons in an insideout manner. Migration defects emerge as a common denominator in a
number of developrental brain disorders, including seizures and autism, however the cellular
and molecular mechanisms at play are poorly knownThe qualitative maturation of GABAR-
signaling has been proposed to act as a regulator of neuronal migration rate. The ontogenstidt

from excitatory to inhibitory GABA signaling is mediated byip-regulation of KCC2vhich lowers
neuronal chloride concentration. Notably, KCC2 s multifunctional protein which modulates the
actin cytoskeleton in an ion transportindependent manner.Up-regulation of KCC2mediated Ci
extrusion has been shown to regulate interneuron migration, but it is not known whether and in
what way KCCZ2affectsprincipal neuron migration. Using constitutive (KCC2) knockout mice we

first demonstrate that global loss of this neuronspecific protein does not perturb gross cortical
lamination. Then, usingin utero electroporation of cre-recombinase in conditional KCC2lox/lox
mice to achieve specific ablation of KCC2 in a subpopulation of migrating somatoseryscortical
principal neurons, we show that loss of KCC2 results in marked acceleration in the migration rate
of these cells. Strikingly, this effect was rescued both by -@ectroporation together with cre of
either wildtype KCC2 or an Nterminally -truncated ion transport inactive variant (KCC23-. 4 $ (8
AsKCCx. 4% EO ETTx1 O OAOAET EOO ET OAOAAOQOEIT 1T xEOI
novel ion transport-independent role for KCC2 in controlling the migration rate of cortical
princip al neurons.
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The entorhinal cortex (EC) is the major interface between hippocampus and neocortex. Studies

in rodents suggest two parallel circuits with different set of inputs to EC, different connections to
hippocampal subfields and, hence, different function of those two areas related to memory for

object and context information (Witter et al., 2014). On this basis the EC of rodents is divided to

medial EC (MEC) and lateral EC (LEC) areas. In humans eviddncdéunctional division based on

fMRI study exists (Maas et al., 2015). However, whether the same division of EC on histological

I AGA1 AQEOOO ET EOI AT AT A EO EO EITITITCIi OO0 O OE
Current study was done on prenatal man brains of 2026 gestational weeks from legal

autopsies (approval of the Ethics Committee #00003875). During prenatal period of

development common structural features of functionally similar areas exist even between
representatives of a distant taxa.

We used microtubuleassociated protein 2 (MAP2) and neurofilament heavy chain protein
(N200) as the markers of neuronal maturation in addition to calciurrbinding proteins. The
MAP2-positive neurons in posterio-MEC were found only in layer I/ll patches, whkreas
anterior-LEC MAP2positive pyramidal cells were found in layer Ill. This allowed us to make 3D
reconstruction of EC which reveals posteriotMEC/anterior-LEC division similar to one found by
fMRI studies and homologous to MEC/LEC of rodents.

The resarch was supported by SPbSU grant #1.38.333.2015, and conducted with the use of SPbSU
O#-0#406 2AOAAOAE 0AOHIB)EAAEI EOU | POI EARO MNpnw
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Intellectual disability (ID) in humans is a neurodevelopmental disorder characterized by impaired
intellectual and adaptive functioning with a world-wide prevalance of about 23%. One common
cause of ID is associated with mutations on the Syngapl gene that encodesapyin GTPase
activating proteins (SynGAP). These postynaptic proteins are enriched at the postsynaptic
density of excitatory synapses and transduces NMDA receptor activation to downstream
pathways. A mouse model of this singlgene mutation pathology, (leterozygous Syngap knock
out mice (Syngap/-), has been shown to exhibit a range of behavioural and physiological
impairments during development and adulthood, compared to wild type (Wt) littermates.
Although synaptic dysfunctions inSyngap-/ - mice have been extensively studied at the molecular
and cellular levels, little is known about neuronal circuits dysfunctions. Here we performed two
photon calcium imaging in the visual cortex of awake behaving mice to compare neuronal
population activity between Syngap/- mice and Wt litter mates. We imaged somatic calcium
signals in layer 2/3 neurons, both in darkness and during the presentation of drifting gratings,
while the animal was either running or stationary. We also investigated potential imgirments in
experience-dependent plasticity by using the monocular deprivation paradigm. layer 2/3
neuronal responses were compared before and after seven days of monocular occlusion in adult
mice. The results of these experiments should provide a basisrfonderstanding how Syngapl
mutations affect neuronal circuit activity in cortical sensory areas.
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Abstract

Naturally occurring cell death plays an important role in the construction of a functionalervous
system.In vertebrate, the neurotrophic theory explains how death of neurons is regulateduring
this developmental period, proposing that neuronsompete for limited amounts of targetderived
neurotrophic signalsandthat the selection of the surwing neurons is stochastic, implyinca
similar potential for neuronsto compete. Heregxamining TrkC positive proprioceptive sensory
neurons (PSNs)we showthat before cell deaththey exhibit different molecular signaturesthat
are intrinsically regulated,independent of the target and of neurotrophin signaling. We also
providedirect evidencein vitro andin vivothat this heterogeneous molecular featurén PSNs is
predictive of their survival during the cell death period. Thus, contrary to the prevailig
model,our datasuggest a selection model in which neighboring neurons
with intrinsic differential fithess compete for neurotrophins in the target tissue, resulting in the
elimination of cells with lower capacity to survive.
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Prader-Willi syndrome (PWS) is a genetic neurodevelopmental disorder caused by a loss of
paternal expression of several genes of the 1591413 region, including NECDIN. Breathing
perturbations, sleep apnea and blunted response to hypercapnia appear in PWSieats earlier
than other symptoms. Mice deficient for Necdin (NdfKO) present respiratory disruptions and
early dysfunctions of the serotonergic (5HT) system similar to PWS suggesting the involvement
of a serotonopathy in respiratory dysfunction. Thus, 8HT modulatory effects on respiration in
Ndn-KO mice are of practical interest. We demonstrated that Necdin is expressed in the beginning
of the serotoninergic system lineage; lack of Necdin resulted in defect migration oftbT neurons
and altered 5HT neuroarchitecture, with a prenatal loss of BHT neurons. Neonate NdfKO mice
show dystrophy in serotoninergic fibers, with enlarged varicosities associated with an increase of
spontaneous firing. These findings correlate with an increase in-BT reuptake activity and an
increase in 5HT transporter expression. Then, we assessed the capacity of genetic abolition of
SERT in NdAKO x SEREKO mice as well as that of early pharmacological reuptake inhibition
(fluoxetine), and a 5HT1A agonist (BOHDPAT) to rescue he respiratory deficits. We have
demonstrated in neonatal "en bloc" preparation that both fluoxetine and ®HDPAT restore the
inspiratory response to hypercapnia, while the genetic ablation of SERT or fluoxetine
administration in neonate NdnKO mice redge the number of apneas and normalize the
chemosensitivity. These results contribute to understanding of origin of the blunted hypercapnic
ventilatory response in PWS patients.
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The striatum is the main input structure of the basal ganglia, a series of subcortical nuclei that
play a key role in motor control. Two distinct basal ganglia circuits, the direct and the indirect
pathways, originate from the striatal projection neurons and are candnally believed to
respectively facilitate and oppose motor behavior. Ablation studies have revealed that distinct
striatal compartments have different functions in the regulation of movement, yet their role is still
unclear. In order to acquire a deeper nderstanding of striatal compartmentalization and to
validate the contextual function of the basal ganglia circuits, we aimed at selectively modulate the
activity of direct pathway-medium spiny neurons in the dorsomedial striatum. This specificity
was achieved by viralgenetic tools combining the dopamine D1 recepte€re recombinase mouse
strain and the Designer Receptors Exclusively Activated by Designer D{RREADDSs). Our
chemogenetic approach allowed remote control of signal transduction in selectiveearons and,
therefore, modulation of specific neuronal pathways in a temporal fashion. Here, we show that
AAGEOAOGEIT 1 1 AMsstciatedf AREADDS® id dorsbmedial striatal neurons attenuated
locomotor activity in the open field test. DREADBnediated inhibition was also able to reduce
movement following acute cocaine administration. To validate the involvement of irotein
signaling pathway upon DREADD activation, we analyzed downstream effectors via
immunoblotting. Moreover, immunohistochemistry canfirmed that DREADD expression in the
striatum was restricted to the dorsomedial region and showed both somatic and axonal/dendritic
localization. Overall, our results provide further evidence supporting the role of the direet
pathway in promoting movement
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Sensorybased decisions for locomotion and gazshift involve the interaction of subcortical and
cortical circuits. The optic tectum (superior colliculus in mammals) is central for multisensory
integration and sensorimotor decisionmaking, regarding both orienting towards an object and
conversely avoiding a collision with an object. We have investigated these reactions in an isolated
eyezbrain preparation with the spinal cord intact (Kardamakis et al 2015, 2@6), enabling us to
simultaneously monitor neural responses from different regions (e.g., the optic nerve, optic
tectum and ventral roots), while delivering various types of visual stimuli ranging from dots, bars
and looming (objects increasing in size dyamically) in a computercontrolled environment.

By monitoring bilateral neural activity in the ventral roots in the rostral spinal cord and deep layer
tectal activity, we could identify two distinct motor response patterns selective to the specific type
of visual stimuli applied. Fast looming (threatening) stimuli and vertical bars tend to induce a
response preferentially in the ipsilateral ventral root. This would correspond to fictive evasion.
Looming stimuli that instead slowly increase in size will evok activity in the contralateral ventral
root corresponding to orienting movements.

This selectivity was abolished when we removed the action of the local inhibitory system and/or
disrupted glutamatergic synaptic transmission by local injection of gabaziner glutamate
antagonists. We controlled the effect of tectal activation and inactivation by recording
extracellular activity during the visual stimulus presentation as a measure to determine the causal
role of tectum in visual decisionmaking.
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The subiculum is one of the main output regions of the hippocampal formation. Together with
CA1 it provides input to a numberof cortical and subcortical regions which rely on spatial and
mnemonic information. While the firing properties of CALl place cells have been investigated
extensively, our current knowledge of neuronal computation in the subiculum remains very
limited. In previous studies of subicular neurons, Lever et al. (2009) have identified boundary
vector cells and Deadwyler and Hampson (2004) have reported the presence of cells with task
phase specific firing in a delayed nomatch to place task. However, it is uncleaghow these cells
are distributed in the subiculum and whether they form distinct functional populations or a single
population with mixed selectivity. To address these questions, we performed extracellular
recordings of single units in the subiculum whilerats were alternating between random foraging
for chocolate milk rewards and goal directed running in an open arena. The recorded cells where
responsive to features of the environment, like the food wells or the walls, and they were
differentially modulated by head direction and running speed. The different types of modulation
where unequally distributed along the proximodistal axis; while cells that responded to the food
wells could only be found in the very proximal part of subiculum (and the distal CAl)he others
were more dispersed. It thus appears that the subicular output varies quite substantially along its
proximodistal axis and that the information provided is not amplifying but complementing
hippocampal CA1 output.
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Abstr act: The septohabenular pathway is composed by two tightly interconnected structures, the
posterior septum and the medial habenula (mHb). These structures constitute a key linkage
between the limbic forebrain and the midbrain and disruption of this pathwayeads to alterations

in emotional behaviours, specifically in anxiety and fear. GFRal, a @Rthored receptor for
GDNF (glial cell linederived neurotrophic factor), is expressed in several brain areas such as
hippocampus, septum and midbrain. In the adtibrain, GFRal expression is highest in the medial
habenular nucleus (mHb). However, the role of GFRal for the function of the septohabenular
pathway is unknown. In this study, we showed that mice with inactivated gfral expression at adult
stages presentdecreased anxiety and increased responses in febased learning paradigms.
These results suggest that GFRal is required for the correct function of the septohabenular
pathway in the adult brain under physiological conditions.

Key words : Anxiety, fearhabenula, septum, GFRal, GDNF

64



A37: The role of glutamatergic medial amygdala neurons in male rat sexual behavior
- P.T. Huijgens, R. Heijkoop, E. Snoeren

Presenter:Eelke Snoeren The Arctic University of Norway
Theme:Integrative Physiology and Behavior
Posterboard number:37
Time of presentation:Wednesday June 71430-1630

Patty T Huijgens, Roy Heijkoop, Eelke MS Snoeren
Institute of Psychology, UiT the Arctic University of Nrway, Norway

Lesion studies have revealed thatite medial amygdala (MeA)s involved in sexual behavior in
male rats. However, these studies could notlistinguish between neuronal cell typesor target

specific projections. Here,we investigated the role of glutamatergic MeA neurons, and their
specific projections to the preoptic area (POA)a brain area that is alsdnvolved in sexual

behavior.

AAV5-CaMKllaviral vector constructs coding for control, stimulatory, or inhibitory DREADDs
were bilaterally injected into the MeA and @ilateral guide cannula was placed above the POA.
Rats (n =18-20 per group) were assessedor sexualincentive motivation and copulaton upon
systemic administration of the DREADD ligand (CNO), silencing or stimulating glutamatergic
neurons originating from the MeAThe same tests were conductedfter intracranial CNQOinfusion
into the POA, which enables exclusive observation of effects oflutamatergic MeA-POA
projections.

The data showed a decreasedumber of ejaculationsand an increased ejaculation latency in the
copulation testupon systemicadministration of CNO, an effect founth both experimental groups
In contrast, no effect was tserved on sexual motivationSilencing or stimulating the specific MeA
POA glutamatergic projection did not affect sexual motivation and behavior.

Our study indicates that MeA glutamatergic projections are involved in ejaculation, but not in
other copulatory phases. These effects are not regulated by direct, glutamatergic MEOA
projections. The convergence of the behavioral effects of stimulating as well as silencing
glutamatergic MeA projections may reflect effects through different indirect pathways-uture
research should focus on unraveling these pathways.
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Compared to our knowledge of the moladar mechanisms underlying memory acquisition and
consolidation, far less is known about remote memory storage. Perineuronal nets (PNNSs),
specialized extracellular matrix structures, have been hypothesized to function as a physical
framework for memory storage due to their low turn-over rates and stabilization of synaptic
connections (Tsien, 2013). We tested this hypothesis using adult rats trained with visual fear
conditioning. Recent evidence indicate that over time, visual fear memories become dependent
on the lateral secondary visual cortex (V2L). We asked if intact PNNs in V2L are required for
remote visual fear memory. Local injections of the enzyme Chondroitinates ABC (chABC) was used
to degrade PNNs one week before remote memory retrieval. Remarkabiyemory testing showed

a selective disruption of the visual fear memory. When chABC injections were targeted to the
primary visual cortex, the memory was not affected. Moreover, chABC treatment one week before
or one day after fear conditioning did not inpact learning or recent and remote memory recall.
Simultaneous recordings of local field potentials from V2L and basolateral amygdala (BLA)
showed increased coherency between V2L and BLA during retrieval of the fear memory in control
animals while no coheent activity was observed in the chABC treated animals with impaired
retrieval. These findings indicate that PNNs in V2L are critical for remote but not recent visual
fear memory. Furthermore, based on our discoveries and the inherent properties of PNNse w
propose that PNNs are essential for stabilizing the neural network responsible for proper recall.
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Some apparently healthy babies exhibitSudden Unexpected Postnatal Collapse of newborn
infants (SUPG, life-threatening or fatal events during the first week after birth. Incidence, risk
factors and mechanism are not established.

Objective: We here characterize the incidence of SUPC, possible and preventable risk factors. We
hypothesize that PGE2increased after birth, induce an attenuation of hypoxic and hypercarbic
responses in the newbornthat contribute to the SUPC events.

Design/Methods: All patient records from liveborn infants in the delivery wards in Stockholm
during a 13-year period werescreened for diagnosis (ICEzodes), each possible case of SUPC was
thoroughly investigated concerning maternal, infant, event characteristics and outcome data.
Furthermore, newborns were examined for PGE2 and its metabolites.

Results: Among 263738 live born infants in Stockholm county 20022015, 111 cases of SUPC in
apparently healthy infants were revealed. This incidence is fifteen times higher than reported in
recent national studies. The majority of SUPC cases occurred during the first 24 postnatal rgu
when the newborn was in a prone position. Eightlied and 21 had subsequent Hypoxic Ischemic
Encephalopathy. During the first day of life all newborns exhibit high levels of PGE2 and urinary
PGEM that rapidly decrease within the first 48/2 postnatal haurs. In SUPC/SUDI cases where
urine or CSF was analyzed, PGE2 metabolites were increased compared to age matched controls.

Conclusions: SUPC is a risk of all newborns@ssociated with prone position and unsupervised
Skin-to-Skin-care especially during the first 24 hours after birth, when newborns autonomic
cardiorespiratory responses are attenuated by PGE2.

KEYWORDS: SUDI, Perinatal transition, PGE2.
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Repeated exposure to drugs of abuse results in a progressive and ldagting enhancement of the
locomotor response, a phenomenon termed locomotor sensitization, that is thought to underlie
certain aspecs of drugs addiction.In mice, sensitization has been shown to correlate with
enhanced predisposition to drug seHadministration as well as reinstatement of extinguished self
administration. In humans, sensitization has been proposed to correspond to certain features of
the drug addiction syndrome, such as compulsive drugeeking behavior. Regardless its correlate
in humans, locomotor sensitization provides a simple readout to understand the mechanisms by
which drugs of abuse induce longdasting neuronal alterations.

Activin A, a member of the transforming growth factosr (TGFB) superfamily, signals via the

serine/threonine Activin -like kinase 4 receptor (ALK4), which then phosphorylate Smad2/3 and
induce translocation into the nucleus to regulate gene expression. A recentudy has linked

Activin signaling with cocaineinduced plasticity; however, the role of Activin A and its receptor
ALK4 in the context of drug abuse has not been explored.

In our studies, we found that genetic ablation of ALK4 in medium spiny neurons ofdlstriatum
blocked the expression of locomotor sensitization to cocaine as evaluated with the Tvirgjection
Protocol of Sensitization. Moreover, we found that virainduced deletion of ALK4 in adult mice
nucleus accumbens is sufficient to affect sensitizian to cocaine. These results demonstrate that
ALK4 is crucial in the development and/or expression of behavioral sensitization and suggest that
Activin/ALK4 signaling plays an important role in the longlasting plasticity induced by cocaine.
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In vertebrates, serotonin (5HT) modulates aggressivity, aversive learning and impulsivity and has
been implicated in anxiety aml depressivelike disorders. Most of the serotonin in the vertebrate
brain is released bythe small and evolutionary conserved raphe nuclei, which are broadly
innervating cortical and limbic areas. However, the neurotransmitter identity and downstream
projection pattern of individual 5SHT raphe neurons remain unclear due to their deep location in
the rodent brain. In this study, we take advantage of in the small and optically accessible zebrafish
brain to investigate the organization of the conserved 5HT syem.

To identify the neurotransmitter identity of zebrafish raphe neurons, we analyzed the co
expression of a 5HT neuron marker (tryptophan hydroxylase, Tph2) and of glutamatergic and
GABAergic neurons markers (vesicular glutamate transporter 2a and glutamatecarboxylase,
respectively) using confocal microscopy in transgenic zebrafish aged 1, 2 and 3 weeks. At all
developmental stages, we found that none of the Tph2 neurons -express the glutamatergic
marker. However, only a subset of Tph2 positive neurons eexpresses the GABAergic marker. To
identify the projection pattern of 5SHT neurons, we are currently labeling individual Tph2 neurons
using electroporation of dextrancoupled fluorescent dyes and tracing their axonal projections in
the whole brain. This wil enable us to establish whether 5HT neurons modulate the activity of all
downstream targets or alternatively of one or two discrete brain regions.

Altogether, this comparative approach will enable us to better understand the structure and
function of the elusive 5HT system in vertebrates.
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Human genetic studies have identified numerous genetic alterations associated with autism
spectrum disorder (ASD). Many of these genes are linked to pathways regulating synaptic
function, including synaptic adhesion molecules such as neuroligins and neurexins. Gene products
that regulate mRNA translation constitutea secand group of ASBassociated genesand altered
translational homeostasis at the synapse has been highlighted ag@ammon disease mechanism
in some monogenetic and syndromic forms of ASD. However, most autisssociated mutations
do not directly impact translation, and it is unknown if pharmacological strategies targeting
protein synthesis are more broadly applicablén neurodevelopmental disorders We here show
that an autismassociated mutation in thesynaptic adhesion molecule neuroligin3 (NIgn3)
results in altered mTORC4dependent signaling and reduced elF4F assembly in micéle have
investigated the therapeutic potential of MARkinase interacting kinases(Mnk1/ 2) inhibitors in
Nlgn3komice. Mnk1/2 modulatestranslation via phosphorylation of elIF4AE and additional targets.
Administration of Mnk1/2 inhibitors in NIgn3 X© mice alleviates some of the autissassociated
behavioural phenotypes. This work highlights Mnk inhibitors as a potential treatment strategfor
brain disorders with perturbed translation homeostasis
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Attention plays a crucial role in our ability to organize thoughts and actions in meaningful
behavior. On a neurophysiological level, attention biases processing of certain neural
representations at the expense of others. As a result, behaviorally relevant information is
amplified, while distracting or irrelevant information is suppressed. The prefrontal cortex (PFC)
directly influences attentional processing and the local computatod OT AAOI UET C 0&#08 O
attention are under intense investigation. Using chronic recordings and optogenetics in mice, we
could recently show that fastspiking parvalbumin (FSPV) interneurons in medial prefrontal
cortex (MPFC) are central to PFC comtl of attention. d by strong. Successful allocation of
attention was characterized by strong synchronization of F®V neurons, increased gamma
oscillations, and phase locking of pyramidal firing. Phaslecked pyramidal neurons showed
gamma phasedependentrate modulation during successful attentional processing.

The behavioural task utilized in this study, the 3CRTT, in combination with electrophysiological
recordings also allows for investigation of network activities not directly related to attention.
Using the recording data collected in the earlier study we have analysed how-P§ interneurons
and excitatory mPFC neurons are modulated by impulsivity and reward
anticipation/consumption.

In has recently been proposed that working memory is linked to tnsts of gamma oscillations, and
in line with this is a discrete process not coded by sustained activity as earlier thought. We are
currently investigating the similarities between coding of working memory and attention in the
PFC. Our present findings fronthe above analyses will be presented.
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The critical ability to inhibit the urge, desire, or habit to perform spontaneous actions and to
instead reflect upon the future allows us to predict scenarios and to receive better outcomes.
Failure of inhibitory processes defines impulsivity.Impulsivity is a non-unitary construct, but the
relationship between aspects of impulsivity is not understood. Impulsive action refers to the
inability to delay or prevent actions related to the failure to withhold or cancel a strong behavioral
tendency.Impulsive choice relates to impulsive decisiormaking and involves lack of planning and
difficulties in delaying gratification. The central serotonergic (5HT) system has long been
functionally implicated in impulse control and reduced 5HT levels have ber connected to
impulsivity in both humans and research animals.

To allow for selective targeting of serotonin neurons in rats we generated transgenic rats
expressing Cre recombinase under the control of the Tph2 promoter. A fixed interval task was
used toinvestigate impulsive action, and a timealiscounting choice task for impulsive choice.
Using optogenetic manipulations (ChR2 or Jaws) and refime photometric measurements of
calcium-transients in dorsal raphe nucleus BHT neurons we find that (1) inhibition of
serotonergic DRN neurons leads to a general elevation of impulsivity. (2) Activation of
serotonergic DRN neurons results in decreased impulsive action. (3) Increased activity of
serotonergic DRN neurons improves impulsive choice, measured as willingss to wait for a
larger later reward, while decreased activity suppresses patience. (4) DRN serotonergic neurons
not only respond to waiting for a reward but also robustly to reward delivery.
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Dysfunction of the opioid system has been linked to mood disorders. Various types of drugs of
abuse, for example opiates and came, target the opioid system.

Endogenous opioids exertheir actions through opioid receptors expressed by neurons in limbic
circuits. Morphine and heroin are ligands of a specific type of opioid receptor, the mu opioid
receptor (MOR) théa is encoded by the Oprm1 gene.

In order to study the contribution of specific neuron types in the opioid system for reward,
motivation and addiction, it is essential to be able to target neurons expressing the opioid
receptors using transgenic approaches in animal models. We can use the genetic identification of
such MORexpressing neurons to determine their precise function in shaping distinct aspects of
reward, motivation, decisiorrmaking and addiction. For this purpose, we have recently developed
a novel knockin mouse line expressing the Cre recombinase only in M@Rpressing neurons
(Oprm1-Cre mouse). The OprmZre mouse allows us for the first time to genetically target
exclusively the MOR+ newons in defined brain regions.

We have already extensively characterized the specificity of the Oprrdre mouse based on
neuroanatomy, in situ hybridization and singlecell RNA sequencing, thereby establishing the
feasibility of targeting MOR+ neurons usig the new OprmZ:Cre mouse line.

We aim to define the functional role of mu opioid expressing neurons in basal ganglia circuits for
reward processing and transition to addiction.
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Grid cells in the enthorinal cortex fire in a triangular pattern that tessellates the surface of the
surroundings. To be used as a spatial reference, the grid needs to anchor to the external world.
The grid is not randomly oriented but displays geometrical regularities in relation to the
environment. These regularities include a specific offset and an ellipat distortion that might be
indicative of an anchoring process.

In this study we aim to characterize the shape of the grid on a local scale to investigate whether
local features of the grid display specific relations to the walls and corners of thavironment.
Moreover, to further understand the role of these features in anchoring we also study how the
grid evolves in a novel environmenduring the anchoring process.

Local feature maps were produced using a sliding window autocorrelation algorithnpermitting
us to visualize changes in orientation, size and ellipticity of the grid throughout the environment.
Most grid modules showed variations that were consistent with a barrel distortion, meaning that
the grid in the middle of the box had larger sacing than closer to the corners. Furthermore, some
animals displayed pentagonal distrtions known as dislocations.

Analyses of the data from novelty experiments showed that the grid was not stable from the first
exposure. Individual fields would sometima move independently or in oncert with neighboring
fields.

To conclude, grid cells display rich dynamics during learning a new environment possibly
reflecting how the entorhinal cortex uses sensory cues of the environment for anchoring.
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In the medial entorhinal cortex (MEC), speed cells are a functionally distinct neuronal population,
whose firing rates increase linearly as a function of locomotion speed. This speed signal is believed
to be a key component for the dynamic update of gricedl activity; however, its origin has not been
determined. Several studies have reported speecbding neurons in the mesencephalic locomotor
region (MLR), an area widely implicated in locomotion, but it remains unclear whether and how
signals from these nerons reach the MEC. Here we combined classical anatomical tracing studies
with chronic unit recording and optogenetics in freely moving rats to search for a putative speed
circuit between the pedunculopontine tegmental nucleus (PPN), a functional comporieaf the
MLR, and the MEC. Simultaneous injections of a retrograde tracer in MEC and an anterograde
tracer in PPN revealed strong overlap between labelled PPN axons and MiGjecting cell bodies

in the ventral medial septum and diagonal band of Broca (MBB). Chronicin vivo tetrode
recordings during free foraging in an open field confirmed the presence of speed cells with linear
speedrate relationships at all three levels of the putative circuitz PPN, MS/DB, and MEC.
Optogenetic stimulation of channelrlodopsin-2-expressing neurons in PPN was followed, at
regular latencies, by activation of subsets of cells in MS/DB and MEC, including speed cells. Taken
together, the results raise the possibility that the PPNS/DB-MEC circuit mediates the coding of

a spe=d signal with a possible relevance for dynamic spatial mapping and navigation.
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Acute cocaine administration in humans results in a brief but strong euphoria undedd by
increased activation of the limbic areas.

Here we tested how the acute administration of cocaine influences locomotion as well as the
expression patterns of the immediate early gene-Eos throughout the brain. Two experimental
groups of naive mice eceived single intraperitoneal injection of either saline or cocaine
(20mg/kg). Both groups were tested in the open field paradigm. Mice were sacrificed off®ur
post injection and the serial slices of the whole brain were stained with-Eos and dapi.

Primary results indicate that the default GFos expression is restricted to certain brain areas and
the cocaineinduced GFos expression is increased throughout the brain. In the opeield test the
cocainetreated mice had increased locomotor activity accompded by stereotyped moving
patterns (i.e. following a clockwise direction only). We then performed mediational analysis to
tease apart the relative contribution of eFos in different regions for generating cocainénduced
locomotion. Orbital cortex as wellas dorsal striatum showed to mediate the effect of cocaine
induced ¢Fos expression on locomotion. Currently in vivo extra cellular recordings in awake and
head-fixed mice are ongoing to validate these findings and tease apart the contribution of these
regions to locomotion (motor output) versus Pavlovian conditioning of rewards (reward
processing).
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The medial entorhinal cortex (MEC) is a key brain structure for the navigational senses of animals.
Recent years have seen the discovery of several functional MEC cell types that constitute essential
components of a cognitive map, including headirection cells, border cells, speed cdland grid
cells. However, little is known about whether, or to what extent, cells in the MEC contribute to
landmark-based navigational strategies. Such strategies might include using the perceived
distances and directions to discrete environmental landmées that, in most realistic
environments, are abundant. We recorded the activity of single units in superficial MEC in the
presence and absence of prominent thredimensional objects and found that a proportion of MEC
neurons tended to increase their actiiy robustly when the animal was located at a certain
direction and distance relative to the object. This vectorial tuning to the object persisted when the
object was displaced, and was shown to be consistent for multiple objects of different shapes and
sizes. Moreover, we found thathe characteristic responses of such objeevector cells were
present from first exposure to the environment, and that directional tuning rotated coherently
with the directional preferences of head direction cells during remappig, suggesting that object
vector cells are part of a universal and rigid entorhinal map. The majority afbject-vector cells
exhibited clear tuning regardless of the animals heading direction relative to the object, meaning
that these cells encode distare and direction to prominent landmarks within an allocentric
reference frame.

77



B10: Uppsala University Behavioral Facility (UUBF) has the capability and competence
to conduct behavioralstudies in mouse, rat and fish
- A. KonradssonGeuken, K. Kullander, E. Roman, S. Winberg

Presenter: Asa Konradsson GeukenUppsala University
Theme:Integrative Physiology and Behavior
Posterboard number:10
Time of presentation: Thursday June 8 1200-1400

A. KonradssonGeukeri, K. Kullande?, E. Romah S. Winbeg?
1: Department of Pharmaceutical Biosciences, Uppsala University, Uppsala

2: Department of Neuroscience, Uppsala University, Uppsala

Uppsala University Behavioral Facility (UUBF) is a neprofit core facility supported by the

&AAOI OU T &£ -AAREAETA AT A OEAOIi AAUh 5PPOAT A 51 EO
administration - and organization services of behavioral tests for internal ahexternal research

groups. We offer a large array of behavioral tasks for mouse, rat and fish, e.g. tasks for exploration,

motor behaviors, sensorimotor processing, learning, memory and behavioral profiling. UUBF

provides equipment together with protocols for behavioral experiments, and assists with data

analysis, interpretation, and advanced statistical analyses. We also provide assistance with

writing of ethical applications and training and guidance in experimental design. Further, UUBF

offers annual geduate courses on animal behaviore@( 1 x O OOOAU AAEAOEI O EI
Al AOO 11 AE &Buark vdicomeltoedniadd @UBB for discussing your future behavioral
experiments.
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Recent experimental studies on classical fear conditioning have revealed an inhibitory
microcircuit in the central amygdala (CEA), which is essential for the acquisition and expression
of conditioned fear. In these studies, subpopulatiorspecific changes in baseline firing rate and
modulation of tonic inhibition, mediated by extrasynaptic GABAreceptors, have been shown to
correlate with fear generalization. Here, we used mathematical analgsand numerical simulation
of the central amygdala network to study the effects of tonic inhibition on the processing of
transient inputs. The model corroborates experimental findings and allows for dissecting the link
between tonic inhibition, baseline fring rates and network responsiveness, thereby providing a
mechanistic explanation for the observed effect on fear generalization. In view of recent results
linking fear generalization to anxiety, we discuss a possible role of the CEA in processinguss
statistics during conditioning and adjusting sustained fear accordingly.
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The Subthalamic Nucleus (STN) is the onlglutamatergic area within the Basal Ganglia (BG),
which plays an important role in the modulation of motor functions given its excitatory action
onto the output structures of the BG in the so called indirect pathway. Lesion of the STN, as well
as Deep Bran Stimulation (DBS), can ameliorate hypokinetic symptoms in Parkinsonian patients.
Besides the positive effect in alleviating motor deficits, STN DBS is also responsible for different
side effects related with affective functions. However the action mecham underlying DBS and
which circuit elements are responsible for its therapeutic and side effects are still unknown. To
target a specific STN neuronal population we used a genetic approach, by which neurons are
rendered light-sensitive by delivering condtional recombinant adeno-associated virus (rAAV)
vectors carrying opsin genes bilaterally in the STN of transgenic mice expressing Cre recombinase
under the control of Pitx2 promoter. We used a continuous 535 nm light stimulation to precisely
inhibit these Creexpressing cells in mice injected with rAVV carrying archaerhodopsif3 (Arch).
Histological analysis display strong virus expression in all the already described STalget areas.
Preliminary results from opto-behavioral experiments suggest an involement of this population

of neurons in affective functions.
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Lateral habenula (LHb) have been implicated in both rewardeeking behavior and in depressive
disorders due to its modulatory effects on dopamine and serotdn reach areas. Excitatory

projections from LHb target GABAergic interneurons of both ventral tegmental area
(VTA)/rostromedial tegmental nucleus (RMTg) and dorsal raphe nucleus (DR) providing strong
inhibition on both dopaminergic and serotonergic systems These rewardrelated signals are

provided to LHb from distinct neuronal populations in basal ganglia.

Here we provide an anatomical characterization of the glutamatergic inputs to LHb, by specific
retrograde and transsynaptic labeling, with a twevector system that farther reveals the direct
monosynaptic inputs to this population. Behaviorally, optogenetic stimulation of this
glutamatergic inputs to LHb induce a strong avoidance response as it is demonstrated in
behavioral tests such as place preferencand operant conditioning paradigms. Furthermore we
provide a characterization of the firing pattern of these neurons during reward related behaviors
with in vivo calcium imaging in freely moving animals.

Taken the importance of LHb as a modulatory nucleusf the dopaminergic and serotonergic
systems the definition of its connectivity and function will give valuable insights in the
understanding of both reward-seeking behavior and depressive disorders.
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Music can trigger emotional responses in a more direct way than any other stimulus. In particular,
music-evoked pleasure involves brain networks that are part of the rewardystem. Furthermore,
rhythmic music stimulates the basal ganglia and may trigger involuntary movements to the beat.
In the present study, we created a continuously playing rhythmic, dance flodike composition
where the ambient noise from the MR scannewas incorporated as an additional instrument of
rhythm. A second group of participants were scanned without any additional stimulation and
were not informed that they took part in a study on rhythm.

The analysis was twofold: First, a wholdrain independent component analysis (ICA) was
conducted. Only components that showed group differences in their timfgequency spectrum
were further analysed. Second, data was analysed with stochastic dynamic cdus®delling
(sDCM) in order to explore functional dependencies and interactions between core areas of
auditory perception, rhythm processing (putamen/pallidum), and reward processing (ventral
striatum/nucleus accumbens).

Compared to the control group, bdt analyses demonstrated consistently an increased activity as
well as an altered connectivity of the reward system, i.e. the right ventral striatum/nucleus
accumbens. Further, the DCM analyses demonstrated a reduced connectivity within the basal
ganglia, & well as a reduced functional connectivity of the right ventral striatum/nucleus
accumbens from and to the basal ganglia and auditory network while listening to rhythmic music.

These converging results may indicate that the dopaminergic reward system redes its
functional connectivity and relinquishing its constraints on other areas when we listen to
rhythmic music.
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Abstract

The ventra tegmental area consists of dopaminergic and glutamatergic neurons that are
associated with reward and aversion. A subset of midbrain dopamine neurons express the
vesicular glutamate transporter 2 (/GIuT2) which enables them to package and release
glutamate. Several studies have shown that ablatingGIluT2in these careleasing cells during
development results in altered locomotor activity in response to psychostimulants and enhanced
drug-seeking behavior towards natural rewards or drugs of abuse. These Ievioral
manifestations may however be coupled with potential developmental abnormalities as a result
of embryonic deletion of VGIuT2. The aim of the study was to investigate the role of glutamate co
release from dopamine neurons in the adult mouse.

We now demonstrate that targeting VGIuT2 in the dopamine neurons of adult mice results in
increased consumption of natural rewards (sugar) without any differences in the levels of
potassiumevoked dopamine release in the dorsal and ventral striatum. Further, peh-clamp
recordings of medium spiny neurons of the ventral striatum shows that targeting glutamate €o
release from mature dopamine neurons results in downstream postsynaptic alterations.

Overall our findings suggest that loss of VGIuT2 from this eeleasing population results in
alterations in striatal synaptic plasticity and reward associateebehaviors when ablation occurs
in the adult mouse.
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The endocannalnoid system is a lipid signaling network that modulates numerous biological
processes, including neurotransmission and immune function. The major endogenous agonists
(i.e., endocannabinoids) for cannabinoid receptors GBnd CB are the arachidonic acid derived
lipids 2-arachidonoyl glycerol and N-arachidonoylethanolamine (anandamide). Altered
endocannabinoid signaling in the brain has been implicated in nociceptigtearning and memory,
anxiety, depression, emotion and rewardThe indirect modulation of endocannabinoid levels may
lead to less side effects than the direct activation of GBeceptors in terms of neurotransmission,
metabolism and immunomodulation.

The extracellular effectsof the endocannabinoids anandamide and-arachidonoyl glycerol are
terminated by enzymatic hydrolysis after crossing cellular membranes by facilitated diffusion.
The lack of potent and selective inhibitors for endocannabinoid transport has prevented the
molecular characterization of this process, thus hindering its biochemical investigation and
pharmacological exploitation. Here, we report the design, chemical synthesis, and biological
profiling of natural product-derived N-substituted 2,4-dodecadienamidesas the first selective
endocannabinoid uptake inhibitors. The highly potent (I&=10 nM) inhibitor N-(3,4-
dimethoxyphenyl)ethyl amide (WOBE437) exerted pronounced cannabinoid receptedependent
anxiolytic, anti-inflammatory and analgesic effects in miceyincreasing endocannabinoid levels.
A tailored WOBE43*7derived diazirine-containing photoaffinity probe (RX055) irreversibly
blocked membrane transport of both endocannabinoids, providing first mechanistic insights into
this complex process. Moreover, RB55 exerted potent site-specific anxiolytic effectsuponin situ
photoactivation in the brain. This study describes the first suitable inhibitors to target

endocannabinoid membrane trafficking and uncovers a novel endocannabinoid pharmacology.
Reference:
Chicca, A. et al., Proceedings of the National Academy of Sciences (PNAS) (2017), under revision
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Recent optogenetic circuit manipulation studies suggest that GABAergic and glutamatergic lateral
hypothalamus populations contribute to appetitive and aversive behavior in mice. Aversive
responses evoked by photoexcitation of glutamatergic LH neurons appear to be effected in part
via projections to the lateral habenula (LHb), a structure thought to contributed appetitive and
aversive stimulus processing and aversive learning. To further investigate the role of
glutamatergic LH neurons in valencecoding, we endeavored to characterize the endogenous
activity of glutamatergic LH populations during appetitive andaversive stimulus processing. To
realize our aim, we employed miniaturized, headnounted microendoscopes (Inscopix) to image
calcium transients within the LH of freely behaving mice. Using viral vectors and transgenic
Vglut2-Cre animals, we targeted the deium indicator GCaMP6 either to all glutamatergic LH
neurons, or specifically to the LHkprojecting population. Within both the general, and the
projection-specific groups, we observed neurons responding to rewardelivery, foot-shocks, and
shock-predicting tones. Critically, LHbprojecting glutamatergic neurons appear to prefer the
aversive stimuli, supporting the notion that this population contributes to LHb's aversive valenece
coding.
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Cortical inhibitory interneurons have a vital role in modulating cortical output andplasticity.
Dysfunction in cortical interneurons expressing parvalbumin (PV) isimplicated in the
pathophysiology of a range of neuropsychiatric disordrs, and tanges in brainderived
neurotrophic factor (BDNF) - tyrosine receptor kinase B (trkB) signaling in cortical PV
inter neurons have been associateth pathophysiologyin schizophrenia.Furthermore, truncated
trkB isoforms, unable to mediate normaheurotrophic response, have an increased expression in
schizophrenic patients. The changed expression is correlated with altered GABA inhibition and
local network synchronization.

The medial prefrontal cortex (MPFC) is pivotal to cognitive and emotional processing, and
aberrant prefrontal activity is thought to underlie decreased cognitive abilities is
neuropsychiatric disorders and addiction.To directly investigate how BDNFtrkB signaling in
prefrontal PV interneurons regulate emotional and cognitive processingve generated adeno
associated virusesvith Cre-dependent expression of a dominant negative trkB receptor (trkB.DN;
a truncated receptor that binds to BDNF but does not triggr intracellular signaling cascades).
Adult PV-Cre mice injected with trkB.DN into themPFCdisplay normal locomotion but show
aggressiveness and disturbances in behaviors related to memory, fear and anxiely. vivo
recordings reveal that the behavioral penotypes are associated wittthanged oscillatory activity
during sleep-states. We are currently performing recordings of PV interneurons and pyramidal
neurons in mPFC in awake and behaving animals.

We hope that our study will contribute to theunderstanding of the relationship between BDNF
trkB signaling in cortical interneurons, behavioral alterationsrelevant to schizophrenia and
aberrant states of prefrontal hyperactivityin neuropsychiatric disorders.
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The Ventral Tegmental Area (VTA) is the area of the midbrain where the cell bodies of A10
dopamine neurons are located and where the mesocortical and mesolimbic pathways originate.
Theregion has been extensively studied in the context of reard-related behaviors and it has been
implicated in several pathological conditions as addiction, food intake disorders and depression.
In contrast to long-standing beliefs, the VTA has been found to be less homogeneous than only
containing dopamine neurors. Instead, recent studies have demonstrated that in addition to
dopamine cells, the VTA also comprises neurons that utilize glutamate or GABA as
neurotransmitters, as well as cereleasing neuronal subpopulations. The precise roles of different
VTA subpopdations in behavior is still unclear.

In our studies, we utilize optogenetics in a range of transgenic mouse lines that express Cre within
various dopamine and glutamate neurons to selectively target their activity with laser stimulation.
By implementingbehavioral optogenetics in combination with standard experimental psychology
tests, we perform reattime conditioned place preference (RTCPP) and operant selftimulation
(SS) analyses to assess the effect of activation of these specific cell types inamerelated
behaviors. We observed that dopamine and glutamate subpopulations have distinct projections
and that the optogenetic stimulation can oppositely affect behavior; activation of dopamine cells
induces reward while stimulation of those that utilize glutamate induces aversion. Our results
provide valuable insight into the heterogeneity of the VTA and provide knowledge that could
potentiate the search for more selective therapeutic approaches in disorders where the VTA is
involved.
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Locomotion is characterized by repetitive activity of muscles that displace the body in space. The
neurons, network structure, and mechanisms that give rise to githmic activity in the mammalian
motor system are not fully understood. Glutamatergic Shox2and Hb%interneurons play an
important role in rhythm -generation in mammals (Dougherty et al. 2013; Calderia et al. 2017).
However, an in vitro minimal inhibitory network can also evoke rhythmic activity in presence of
drugs and absence of glutamatergic neurotransmission (Talpalar et al 2011). To resolve these
issues, we studied generation of rhythmic activity both in vitro and in vivo using mouse genetics,
electrophysiology and behavioral methods. Inactivation of all spinal glutamatergic neurons
produced rhythmic-activity in vitro (n=12) but was associated with limb paralysis and lack of
postural activity in vivo (n=14), indicating that excitatory neurons are necesary for locomotor
function in intact animals. Inactivation of dorsal spinal glutamatergic interneurons produced
ataxia and slow locomotion, but not essentially changed other locomotor features (n=7).
Inactivation of subpopulations of neurons in particularthe Shox2derived glutamatergic neurons
preserved locomotor pattern in vitro and in vivo but reduced its frequency (n= 7). Inactivation of
glutamatergic Hb9interneurons preserved in vitro rhythmic activity but showed lack of hindlimb
locomotor activity in vivo (n=5). We conclude that ventral spinal glutamatergic neurons are
essential for locomotion in vivo. Shoxanterneurons are necessary for eliciting high but not low
frequency locomotor activity. Glutamatergic HbSnterneurons are essential for executio of
rhythmic motor activity in the hindlimbs but not forelimbs.

Supported by NIH, VR and ERC.
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The striatum, the largest nucleus of the basal gangliplays animportant role in motor planning,
decision-making, motivation and reward.Alterations in its functionality can lead to several
TAOGOI 1T CEAAT AEOT OAAOO ET Al O DEsksgiveddrplEive T OT T 60 AEC
disorder, andaddiction. The most abundant striatal neurons are ta Spiny Projecting Neurons
(SPNs) that comprise 95% of the neuronal population. The remaining 5% are locafbyojecting
interneurons that although less in number play a key role in regulating the output from the SPNs
in the striatum through feedforward inhibition. The interneuron populations can be divided into
several subtypes including the largest heterogeneous population expressing 5HT3a that we
recently identified (Mufioz-Manchadoet al., Cereb Cortex 2016; Gittis and Kreitzer, Trends
Neurosci, 2012; Siberberg and Bolam, Curr Opin Neurobiol 2015). These studies point towards
that the diversity of neuronal subtypes has been underestimated.

In order to elucidate this diversity we have taken advantage of a recent developed technique,

such as the largescak single cell mMRNA sequencing (Zeisel, Mut¥anchadoet al., Science

2015). We have performed a study of 1135 cells in the striatum with the molecular

characterization of all interneuron subpopulations providing new markers also for previously

describedones. With this approach we now have a vast database with the gene expression

composition of each cell type in the striatum. We have validated this data with situ
EUAOEAEUAOQEIT AT A xA EAOA Al 01 ApbPl EMNATHIOEAO C
selected populations in order to investigate how the electrophysiological profile is directly

linked to their transcriptome.
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Vestibulospinal neurons are organized into discrete groups that project from the brainstem to
either the ipsilateral or the contralateral side of the spinal cord, enabling animals ranging from
agnathans to humans to maintain proper balance and posture. Oprevious studies in the mouse

and chicken have demonstrated that the ipsilateral lateral vestibulospinal tract (LVST) group
derives from rhombomere (r)4, the contralateral medial vestibulospinal tract (cMVST) group
derives from r5 and part of r4.

To characterize differential transcription factor expression in the LVST and cMVST, we performed
RNAseq analysis on manually sorted retrogradely labeled LVST and cMVST neurons in embryonic
day (E) 13.5 mice and embryonic day (d) 7.5 chickens. RNAseq of more médégions of r4 and

r5 was included as control groups. Highly differentially expressed transcription factors were
further investigated by immunohistochemistry and 3D reconstruction at E13.8L5.5 in the mouse
and d7.59 in the chicken.

RNAseq analysis revdad over 100 differentially expressed transcription factors, and
immunohistochemistry corroborated the same groupspecific expression patterns for several of
these in the two species, including patterns that defined intragroup subpopulations. In the mouse,

a specific set of 4 TFs was expressed in nearly all LVST neurons, and a distinct set of 4 TFs was
expressed in nearly all cMVST neurons.

These data provide new information about the transcription factors that differentially specify the
two vestibulospinal neuron groups and that define distinct neuron subpopulations within them.
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Efficient spatial navigation is computed across several brain regions integrating information
about past, present, and future positions. Posterieparietal (PPC) and premotor (M2) cortices
encode movements in egocentric coordinates and presumably synthesize behavioral trajectories
to reach goals. Recent work has shown that PPC and M2 in rodents exhibiting for impending
movements, but how these regions interact to produce movement plans during free behavior is
poorly understood. To address this we are recording neural correlates of ongoing and future
behaviors in PPC and M2 in rats foraging in an opatrena. To obtain an unprecedentedly clear
DEAOOOA 1T &£ OEA AT EI Al 66 AAEAOEI O xA AOA OOAAEET (
Our analyses confirm previous reports of wholebody selfmotion coding as visualized in 2
dimensional movement mapshut the 3D tracking data now reveal that cells in both PPC and M2
can exhibit fine tuning for different bodily effectors, in some cases independently of setfotion.

We found cells in both PPC and M2 selective for specific degrees of pitch and roll ofitead, while
other cells are highly sensitive to azimuth and pitch of the back. We are currently investigating
prospective coding of 3D movements across PPC and M2, and are investigating whether the
relative coding properties across areas are maintained dimg different behaviors in a goal
oriented well-searching task. Our results are beginning to provide a firdime view of how the
cortical motor system constructs selguided, goaldirected behaviors in their native 3D.
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Serotonin (5-HT) has been shown to have a distinct spinal motor influence. It was now the aim of
the studies to evaluate , if the spinal motor effects ofDOPA and naloxone are possibly mediated
by a serotonin interaction. The interstitial serotonin concentration n the spinal gray matter was
determined using the microdialysis/HPLC method. In parallel with monosynaptic reflex testing in
an alternating sequential procedure different FRA reflex pathways (low threshold cutaneous,
group Il muscle, nociceptive cutaneous)o the flexor PBSt and to the extensors GS and Pl were
tested, whereby the nociceptive pathway to the latter is an excitatory neRRA pathway. After i.v.
injection of L-DOPA (100 mg/kg) the spinal reflex effects started within €0 min with a maximum

at about30-50min, while the serotonin concentration started to increase a bit later (7 min) and
had its maximum with a delay of up to about 100 min. After i.v. injection of naloxone the serotonin
concentration started to increase quite fast (35min) and hadits maximum already with a delay
of about 510 min. This time course largely resembles the time course of the reflex effects. The
difference of the time course of the increase of the-DOPA induced serotonin concentration
compared to the time course of te L-Dopa induced changes of the spinal reflex effects renders a
direct causal interrelation quite improbable, while the similar time courses of the naloxone
induced increase of serotonin concentration and the spinal reflex effects do not completely
excludesuch an interrelation.
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Cerebrospinal fluid-contacting (CSFc) cells are present in the walls of theventricles and the
central canal and found throughout the vertebrate phylum. We recently identified ciliated
somatostatin/GABA-expressing CSfe cells in the lamprey spinal cord that act as pH sensors.
Acidic and alkaline responses were recorded in the sancell, mediated through ASIC3 and
PKD2L1 channels, respectively (Jalalvand et al 2016). Here, we investigate if the ciliated
somatostatin/GABAppositive CSFc cells in the hypothalamus have similar properties to their
spinal counterparts by performing whole-cell recordings in hypothalamic slices Depolarising
current pulses readily evoked action potentials, but hypothalamic CStneurons had noor a very
low level of spontaneous activity at pH 7.4. They responded, however, wittepolarisation and
trains of action potentials to small deviations in pH, in both the acidic and alkaline direction. Like
in spinal CSFc neurons, the acidic response in hypothalamus is mediated via ASIC3. In contrast to
spinal CSFc neurons, the alkaline response appears not to depeémn PKD2L1 channels. The CSF
¢ neurons extend their processes dorsally, ventrally and laterally, but as yet we do not know the
effects exerted on the hypothalamic circuits. Dopaminergic C@Fneurons just at the obex also
respond in a similar way to acidé and alkaline pH. They fire spontaneous action potentials and
display excitatory and inhibitory postsynaptic potentials. The glutamate and GABA receptor
antagonists could block most of the EPSPs and IPSPs. ThespHsing ability of hypothalamic CSF

¢ neurons and spinal cord are likely to have been conserved through vertebrate phylogeny.
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Neural circuits in the brain typically consist of thousands of neurons. Intuitively, this would
suggest thatin order to describe the spiking rates in such a circuit one would correspondingly
need thousands of variables. However, electrophysiological recordings from a range of different
brain areas and across different species suggest that the neural activitycisrrelated in such a way
that only a handful of variables are actually required. Mathematically, this can be seen as the
activity being confined to a manifold or hyperplane of the neural state space. In theoretical
neuroscience, the observation has raisetthe question of what kind of connectivity could give rise
to such manifolds, as they do not arise spontaneously in homogenenuandomly connected
networks.

In this work, we show that having the spike rates confined to a manifold is consistent with a class
of previously proposed models of neural computations. In particular, we demonstrate that by
using one of these modelg the Neural Engineering Frameworkz one can gain finegrained
control of the dimensionality (i.e. the number of required variables) oftte manifold. Furthermore,
our adaptation of the model handily explains why the manifold not only emerges in biological
networks, but also itself restricts what neural patterns can be learned, as recently shown in a
prominent BCI study. Finally, we show thathe connectivity stemming from the model is
biologically plausible with respect to several important features, including a heaviail
distribution of synaptic weights.
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Neuroprotection at the initial stage of spinal cord injury (SCI) is one main goal to inhibit delayed
network damage triggered by exitotoxicity mediated via hyperactivation of glutamatergic
systems. Previous studies have shown positive effects of general inhalation anesthetics, while
early neurosurgical operations can attenuate late pathophysiological events. It is interesting to
find out if the widely used i.v. anesthetic propofol could protect locomotor spinal networks from
excitotoxic insult induced by transient application of kainate (0.1 mM) for 1 h to the rat spinal
cord in vitro. This protocol was designed to mimic the clinicabnset of SCI followed by intensive
care management. Significant neuronal losses were elicited by kainate, with almost halving of
motoneuron numbers. Bathapplied propofol (5 uM, 48 h) potentiated GABA and depressed
NMDA receptor responses together with dereased polysynaptic reflex activity which partially
recovered after 24 h. Fictive locomotion evoked by repeated dorsal root stimuli or NMDA and
serotonin (5HT) was weaker; however, when applied after kainate, there was no additive
depression on synaptic tansmission, suggesting that any further deterioration had been arrested.
In all spinal areas and especially in the motoneuron pools, significant neuroprotection was
observed after propofol administration following kainate. The periodicity of disinhibitedbursts
was improved by propofol after the kainate insult in line with the good histological preservation.
These results suggest propofol could exert a delayed neuroprotective action on spinal network
excitotoxic damage in an in vitro SCI model.
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Locomotor movements are generated by spinal locomotor networks and require the coordinated
recruitment of motor neuron pools to drive muscle contractions in an appropriate sequence.
Different motor units need to be engaged successively from slow to intermediate and fast to
increase the locomotor speed. Presumably, specific rules of convergence of synaptic drive from
premotor excitatory interneurons are needed to dictate the sequence of activation of motor
neurons. However, the nature of the convergence and the dynamics of the excitatory inputs to
identified motor neurons are still unclear.

We have addressed these $sies in the adult zebrafish in which the locomotor circuit is organized
in three sub-circuit modules with sub-classes of the excitatory V2a interneurons connecting
selectively to slow, intermediate or fast motor neurons. We sought to determine the rules of
convergence of V2a interneurons that reliably control the recruitment of motor neurons of the
slow, intermediate and fast sukcircuits. Our results show that the convergence rule varies among
the three sub-circuits. In addition, there were differences wihin each subcircuit depending on
the firing properties of the presynaptic V2a interneurons. Indeed, V2a interneurons either
displayed intrinsic burst or tonic firing. The bursting V2a interneurons target the motor neuron
dendrites to elicit large EPSPs, kile the tonically firing ones have bifurcating axons targeting the
soma to produce relatively smaller EPSPs. During each V2a interneuron burst there was super
linear EPSP summation that was highest in the slow sttircuit module and lowest in the fast
module and required activation of NMDA receptors. These properties ensured the fidelity and
strength of the transfer of excitatory drive within each sukcircuit module and hence a module
specific convergence rule. In the slow module the convergence of onlydw2a interneurons was
required to engage the corresponding motor neurons. The intermediate module required the
convergence of 6 V2a interneurons, while the fast module necessitated more than 40 interneurons
to ensure motor neurons recruitment. Thus, thisstudy reveals the rules of convergence that in
combination with the NMDAinduced super linear synaptic dynamics ensure the sequential
activation of motor neurons of three subcircuit modules to increase the locomotor speed.
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Recently, high frequency oscillations have been observed at the level of individual neurons firing
and local field potential in the striatum of both awake and anaesthetized animals-]. It is quite
likely that the experimentally observed oscillatiors in the striatum are in fact cortical oscillations
transmitted by the cortico-striatal projections. However, there is limited knowledge about the
exact nature of this routing process and therefore in this study we use a network model of the
striatum to elucidate the importance of specific GABAergic neurons in shaping striatal oscillatory
activity.

Fast spiking interneurons (FSIs) are a common property of neuronal networks throughout the
brain [5]. In the striatum despite their high firing rates, FSls do nbseem to play a major role in
controlling the firing of medium spiny neurons (MSNSs) [6] and so far, it has not been possible to
attribute a functional role to FSls in the striatum. We propose that FSls can perform an important
role in transferring cortical oscillations to the striatum especially to those MSNs that are not
directly driven by the cortical oscillations. Further, the variables such as the number of activated
neurons, ongoing activity, connectivity, and synchronicity of inputs influence the tresfer of
oscillations by modifying the levels of FB and FF inhibition. Our results support the idea of the
precise orchestration of FSI activity that plays a key role in determining the pattern of the firing
of MSNs, which might provide optimal integratiorof external inputs into striatal network.
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The optic tectum (superior colliculus in mammals) is a conserved region that integrates different
sensory modalities (which are species dependent), and controls gaze movements through
excitatory output neurons projecting to the brainstem. Tectum can perform stimulus selection
independently and accordingly redirect gaze, but it can also be influenced by extrinsic brain
sourceszincluding pallium (cortex in mammals) and basal ganglia Hae we show that the
lamprey homologue of the mammalian SNc/VTA sends direct projections to tectum that
modulate its sensorimotor integration, suggesting that the nigral dopaminergic control of motor
responses is more complex than generally assumed, invahg additional pathways to the widely
studied striatal projection. D1 and D2 dopamine receptors are expressed in tectum in separate
neuronal populations, as shown by patcitlamp recordings. Dopamine increases the excitability
of D1 expressing cells and deeases the excitability of D2 cells. Dopamine therefore changes the
responsiveness to sensory inputs reaching the optic tectum making them more or less effective
in evoking a motor command. Using a novel eylarain preparation, we show that local dopamine
agonist injections in tectum affect eye and trunk movements, by recording eye muscles and
ventral root activity in response to natural stimuli applied with a screen. Our results show that
dopamine directly modulates motor responses mediated by tectum. Givehe high degree of
conservation of the midbrain and basal ganglia, and the presence of direct dopaminergic
projections from SNc to the superior colliculus in rodents, this previously unexplored
mechanism is likely to also be present in higher vertebrates.
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The posterior parietal cortex (PPC) is a multifaceted region of cortex, contributing to several
cognitive processes including sensorimotor integration and spatial navigation. Our knowledge of
PPC function is founded on neurophysiological recordings in priates, though recent years have
seen arise in the use of rodent models, particularly mice, to study PPC and related networks. While
murine models bring several technical advantages including larggcale recordings and calcium
imaging, the anatomical locusf PPC in mice remains Htlefined. To address this we have taken
multiple approaches to delineate PPC in the mouse and establish its connectivity. We first used
corresponding nisst and parvalbumin stained sections to delineate mouse PPC based on
cytoarchitectural criteria that distinguish PPC from surrounding regions. Secondly, based on
coordinates from our study of the cytoarchitecture, we targeted the mouse PPC with retrograde
tracers, including cholera toxin B and rabies virus. We found that the comptesnt of cortical
inputs to mouse PPC closely matches that described in rats, including predominant inputs from
visual, cingulate, retrosplenial and secondary motor cortices. Lastly, a work currently in progress
is to define the boundaries of mouse PPC baken patterns of inputs from primary visual cortex
(V1). This involves cainjections of multiple anterograde tracers into V1, and to delineate the
patterns of fiber termination in coronal sections. By comparing tracer staining and
cytoarchitecture we aim © obtain a coherent definition of mouse PPC incorporating laminar
anatomy and visual cortical inputs.
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One of the most remarkable abilities of the human mind is to conscioys$imulate actions without
physically executing them. Since the late 1980s, research on motor imagery has identified several
similarities between imagined and executed actions in the behavioral (Decety et al., 1989; Decety
and Jeannerod, 1995), physiologal (Decety et al., 1991, 1993) and neural level (Ehrsson et al.,
2003; Grezes and Decety, 2001; Hétu et al., 2013), supporting their functional equivalence
(Jeannerod, 1994, 2008). In sharp contrast, little is known about their computational equivalence
-namely, the involvement of forward models (Miall and Wolpert, 1996; Wolpert and Flanagan,
2001; Davidson and Wolpert, 2005; Blakemore and Sirigu, 2003; Grush, 2004; Ridderinkhof and
Brass, 2015). Here, we tested whether motor imagery allows for sensory afteation i.e., a
phenomenon wherein sensory stimuli that are predicted by the forward models based on a copy
of the motor command (efference copy), feel less intense than identical stimuli of external origin
(Bays and Wolpert, 2008; Wolpert and Flanagan, 2d). We show that the perception of touch is
attenuated when presented as the outcome of an imagined movement. Moreover, the imagery
induced attenuation has the same magnitude and follows the same spatial principle as veridical
movementinduced attenuation. Our results demonstrate that motor imagery engages forward
models to predict the sensory consequences of the imagined movements just as physical
movements do. This finding supports the notion of "computational equivalence" between
imagined and executed rmvements.
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Locomotor-initiating signals from the midbrain are funneled through neurons in the reticular
brainstem formation to reach the spinal locomotor circuits. The aim of this study is to identifthe
brainstem neurons forming the final command signal, the "go" signal, that initiates overound
locomotion with the ultimate aim of identifying the mechanism for how spinal locomotor circuits
are activated from the brainstem. For this we have usedethiled mapping of locomotorinitiating
areas in the pons and hindbrain using an in vitro brainsterspinal cord preparation of neonatal
mice. We find a restricted area in the caudal half of the brainstem, with sharp mediolateral
boundaries where low threstold unilateral electrical stimulation (ES) evokes coordinated
locomotor-like activity which resembles locomotor behaviors observed in vivo. The locomotor
frequency is modulated with the frequency of ES and generally faster than that evoked by drug
application in the spinal cord. Optogenetic experiments show that activation of glutamatergic
neurons in the ESdefined area evokes locomotoflike activity similar to the ESevoked one,
suggesting that glutamatergic neurons are involved. When glutamatergic transasion is blocked
in the brainstem, the cervical, and thoracic spinal cord, both optogenetic and electrical stimulation
still evokes locomotoractivity in the lumbar spinal cord. These results suggest that excitatory
reticulospinal neurons can activate thdocomotor networks in the lumbar spinal cord directly to
initiate locomotion. Our study localize the "go" signals to a restricted area of the brainstem and
DOl OEAA T AAT O O1 »mEOTACEITAITTU AAEET A OEA AAI 1 Ol
networks.
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For neuronal circuits in the spinal cord (SC) that control locomotion, developmentally expressed
transcription factors (TF) have served as entry points for functional assignment of lefight and
flexor-extensorcoordination circuits, as well aghythm -generation circuits. |t is clear though that
these functions are most often represented by molecularly heterogeneous groups of neurons that
might also only partly capture the function. For rhythmgeneration several glutamatergic
molecularly defined groups of cells are thought to be involved without any of them creating the
function alone.In order to capture new markers for this important groups of neurons in the S@e
have performed FACS sorting, RNgequencing and differential expression analyses no
glutamatergic neuronsfrom the mouse ventral SCWe compared thepostnatal expression profile
of all glutamatergic neurons in the SC, the Vglu@xpressing neurons, to that of norglutamatergic
neurons as well as to one of the glutamatergic subgroups so far linked to rhythgeneration, the
Shox2 interneurons (Doughertyet al. 2013).Amongst the transcripts upregulated in the Vglut2
expressing neurons are welknown glutamatergic developmentaimarkers such asSiml, Evx2,
Lhx3, Chx10, Shox2 and Lbxllhe analysis also identified more then 200 receptors, TFs, and ion
chamnels specifically expressed in glutamatergic neurons as compared to ngfutamatergic
neurons and Shoxzinterneurons. Our findings identify novel glutamatergic subgroups in the SC
and provide tools for further specification of SC motor functions. In adddn, since glutamatergic
neurons are found throughout the nervous system, this work might provide new molecular entry
points to glutamatergic neurons in general.
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Locomotion can be adapted to different behavioral goals and performed in different directions
[walking forward (FW), backward (BW), etc.]. In the present study we compared kinematics of
FW and BW performed by mice on different setups: in tunnel, on treadmill and on air ball. We
found that mice could walk with three different body configurations: thehip high above the
ground and the rostrocaudal range of toes movements symmetrical in relation to the hip
projection (HP) to the surface (symmetrical steps); the hip low and the range of toes movements
shifted either rostrally (rostral steps) or caudally (caudal steps) in relation to HP. During BW, only
rostral stepping was observed. During FW, types of stepping were different on different seps.
Cycle duration and stride length varied in a wide range and did not depend on sap and type of
stepping. Aveaged swing duration was twice shorter during BW than during FW. Movements at
the hip joint were generally simple: flexion during FW swing- extension during stance, and
extension during BW swing- flexion during stance. However, a reversal in the directio of
movement slightly preceded the moments of transition from swing to stance and from stance to
swing during FW but was slightly delayed during BW. Movements at knee and ankle joints
strongly depended on the type of stepping (rostral/symmetrical/caudal).They were coordinated

to keep the hip joint approximately at the same height during stance and to make the limb length
minimal when toes were passing HP during swing.

Supported by VR(M) Grants 11554 and 21076.

Keywords: locomotion, backward, intralimb coadination, interlimb coordination, body
configuration
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