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The hippocampus is essential for spatial navigation as well as episodic
memory. Using immediate early genes (Zif268), we previously found that in animals engaged in a
spatial task, Zif268 immunoreactive (IR) cells in the hippocampus were grouped in clusters. Here, we

investigated whether a similar organization exists to encode for episodic memory. We found that

animals performing a sequential odor discrimination task, pyramidal cells in the CA1/CA3 fields
formed Zif268 IR clusters. In a second study, we tested animals in contextual fear memory. We found
that hippocampal neurons were recruited in both spatial and episodic memory. These findings confirm
that there is a fundamental functional organization in the hippocampus to encode all types of
information. In a third study (not yet completed), we will be using optogenetic methods to
inhibit/activate the major afferents to the hippocampus arising from the medial and lateral
entorhinal cortex to confirm the validity of the clusters.
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Based on the discovery of 'place cells' (O'Keefe
and Dostrovsky, 1971) the hippocampus is
thought to function as a cognitive or spatial map
(O'Keefe and Nadel, 1978). In the ensuing five
decades many of the components (e.g., grid cells,
head direction cells, etc) of the navigational
system have been described. (O'Keefe, Moser
and Moser received the 2014 Nobel Prize in
Physiology or Medicine for the discovery of
spatial navigation system in the brain.) Yet, the
functional configuration of the spatial map
remains a complete mystery - mainly due to
limitations of simultaneous unit recordings
(usually less than 100 units). Based on recording
studies, the spatial map is thought to be
non-topographically (randomly) organized, since
place cells do not necessarily have adjacent place
fields. We believe this to be wrong, mainly due
to the limitation of the unit recording method
which would not render it possible to construct
the spatial map in the brain. In previous studies
(Zif268,
Homerl) to map neuronal activity in animals

we used immediate-early genes
engaged in a spatial task and found a topographic

organization in the dorsal hippocampus,
comprised of repetitive neuronal clusters of a few
active cells spread (approximately 200-400um
apart) across the CAl and CA3 hippocampal
fields (Nakamura, et al., 2010; Pavlides, et al.,
under revision). We believe that these findings
could, for the first time, provide great insight into
how the spatial map may be organized.

Besides spatial navigation, the hippocampus
plays a major role in episodic (discrete events)
memory. This has been documented in numerous
studies. For example, both lesion (Kesner and
Novak, 1982; Fortin et al., 2002) and unit
recording (Wood et al., 1999) studies have
reported that the hippocampus is required for
Another task that the

critically

sequential memory.
hippocampus is involved in is
contextual fear memory (Ledoux, 1998). There
have been very few studies aimed at examining
functional neuronal organization in the
hippocampus for episodic memory. For the
proposed studies we hypothesized that a basic
functional organization must exist in the
hippocampus for all types of information
processing and that it is probably a cluster-type

organization.

2. WHED K

The first objective of the proposed studies was to
determine  possible  functional = neuronal
organization in the hippocampus for episodic
memory. For this we used a sequential order,
which the

hippocampus is involved in. Given the prolonged

odor discrimination task, for

(more than a month) training for the animals to
achieve criterion, we conducted a second set of
experiments using contextual fear conditioning.
A second objective of the proposal was to
determine whether the same set of cells/clusters
encode for both spatial and episodic memories. A
final objective was to validate the clusters we
observed in the hippocampus by inhibiting the
main inputs arising from the MEC and LEC to
determine effects on hippocampal clusters.

3. WrED L

For the first aim, we trained animals in a
sequential order, odor discrimination task.
Animals were presented with a sequence of odors
and 20sec later they were presented with two
odors and were required to choose the odor that
came earlier in the sequence. Once they reached
criterion of 80% correct, they were sacrificed and

their brains processed for Zif268
immunohistochemistry to determine
topographical organization of hippocampal

neuronal activity. In a second study, we
contextual fear conditioned animals, tested them
24h later for fear memory, and performed a
similar procedure as previous study to determine
topographic  cellular organization in the
hippocampus. For the third specific aim, we have
acquired an optogenic setup and are in the
process of optimizing and conducting
experiments to inhibit/stimulate afferents to the
hippocampus from the MEC/LEC to determine

effects on hippocampal clusters.

4. BRIERR

In both the sequential order, odor discrimination
as well as the contextual fear conditioning tasks
we observed Zif268 IR clusters in the CAl and
CA3 of the hippocampus, similar to what we had
previously observed for the spatial task (Fig. 1).



Fig. 1. Immunohistochemistry for Zif268 in the
dorsal hippocampus in animals engaged in a
sequential order, odor discrimination task.
Zif268 IR clusters were observed in both the
CA1 and CA3 hippocampal fields.

However, there was a higher number of Zif268
IR cells and the number of clusters in the CA3
field of experimental in comparison to control
animals (Fig. 2). We are in the process of

total number of zif268 (+) cells number of cluster (>1cells)
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Fig. 2. Average number of Zif268 IR cells and
cell clusters in the CAl and CA3 hippocampal
fields. There was a higher number of Zif268 IR
cells and clusters in the CA3 than the CA1l of
experimental in comparison to control animals.

completing a manuscript to be submitted for

publication. A  similar type of cluster

organization was also observed in the
hippocampus in animals trained in a contextual
fear conditioning task (Fig. 3). We are in the
process of optimizing the optogenetic setup and
starting experiments proposed for specific aim 3
(Fig. 4). We do not have sufficient results for this

study yet.
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Fig. 3. Distribution of Zif268 IR cells in the
dorsal hippocampus in fear conditioned
(Experimental) and control groups. A
cluster-type organization was observed in both
the CA1 and CA3 fields.
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Fig. 4. Average number of Zif268 IR cells in
contextual fear conditioned and control groups.
A higher number of Zif268 IR cells were
observed in both the CA1 and CA3 hippocampal
fields.

5. FleREinLE
(WFgefE . W4y R ONEEEF 724 1T
X THR)

CdesEam ) (FE 1)

@D Cho J, Sypniewski KA, Arai S, Yamada K,
Ogawa S, and Pavlides C. (2018) Fear
memory consolidation in sleep requires
protein kinase A. Learning and Memory, 25:
241—246. EHA

(K] GH71)

@O Pavlides C, Cho J, and Sypniewski KA.
Sharp wave ripples modulate memory
consolidation in sleep via activation of the
cAMP signaling pathway. The 95™ Annumal
Meeting of the Physiological Society of
Japan, 2018

@ Sypniewki K, Cho J, and Pavlides C. Effects
of sharp wave-ripple suppression in sleep on
contextual fear memory. The 40th annual
meeting of the Japanese Neuroscience
Society, 2017

@ Cho J. and Pavlides C. Neuronal functional
organization in fear memory. The 40th
annual meeting of the  Japanese
Neuroscience Society, 2017

@ Pavlides C, Cho J, and Sypniewki K.
Mechanisms underlying memory
consolidation in sleep. The 26th annual
meeting of the International Behavioral
Neuroscience Society, 2017

® Sypniewki K, Cho J, and Pavlides C.
Hippocampal sharp wave ripple effects on
protein kinase A activity in sleep. The 39th
annual

meeting of the  Japanese

Neuroscience Society, 2016



® Pavlides C, Arai S, Cho J, Yamada K, and
Ogawa S. Fear conditioning induced protein
kinase A activation in sleep. The 93rd
Annual Meeting of the Physiological Society
of Japan, 2016

@ Cho I, Sypniewski K, Arai S, Yamada K, and
Pavlides C. The Role of Protein Kinase A
(PKA) in Memory Consolidation in Sleep.
The 38th Annual Meeting of the Japan
Neuroscience Society, 2015

6. BFZTHHE

(1) s

Pavlides C (PAVLIDES Constantine)
HPE KT - AR - Bz
WrreE#Fs+- 50712808



