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CHALLENGING TRADITIONAL MODELS OF MEMORY

1. MEMORY SYSTEMS ARE LESS SEGREGATED THAN INITIALLY THOUGHT
2. MEMORY CONSOLIDATION IS FASTER THAN INITIALLY THOUGHT

SIGNIFICANCE

OPEN IMPORTANT NEW AVENUES FOR NEUROMODULATION
1. TARGETING BRAIN REGIONS INITIALLY OVERLOOKED
2. TARGETING TIME PERIODS INITIALLY IGNORED




HIPPOCAMPUS AND MOTOR MEMORY

WHAT?
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MOTOR MEMORY CONSOLIDATION

Bonstrup et al., 2019
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NEURAL CORRELATES OF MOTOR SEQUENCE LEARNING

Dayan and Cohen, 2011 Albouy et al., 2008 Neuron



HIPPOCAMPUS AND MOTOR LEARNING

IMPLICIT AND EXPLICIT MOTOR SEQUENCE LEARNING
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1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING

BUT IS THIS RELATED TO ANY MOTOR MEMORY PROCESSING?



HIPPOCAMPUS AND MOTOR MEMORY CONSOLIDATION

Albouy et al., 2008 Neuron

HIPPOCAMPAL ACTIVITY DURING INITIAL MOTOR SEQUENCE
LEARNING MAY TRIGGER SUBSEQUENT OVERNIGHT
MEMORY CONSOLIDATION




HIPPOCAMPUS AND MOTOR MEMORY CONSOLIDATION

Strenght of the competitive interaction

between HC and Cn modulated by
performance inconsistency (a.u.)

Sleep Group SG
Sleep Deprived Group SDG

Sleep-dependent gain in performance (s)

Albouy et al., 2012 Neuroimage
Albouy et al., 2013 PLoSone



HIPPOCAMPUS AND MOTOR MEMORY

SLEEP-RELATED CONSOLIDATION
= ENHANCEMENT IN PERFORMANCE

Albouy et al., 2013 Hippocampus



HIPPOCAMPUS AND MOTOR MEMORY



1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING
2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

BUT WHAT IS THE ROLE OF THESE HIPPOCAMPAL RESPONSES?



WHAT IS THE FUNCTIONAL ROLE OF THESE
HIPPOCAMPAL RESPONSES?



SPACE IN THE “MOTOR HIPPOCAMPUS”
 somareeresevaron | @

Albouy et al., 2015 Neurolmage



DISSOCIATION OF CONSOLIDATION PROCESSES

Albouy et al., 2015 Neurolmage



WHAT IS THE FUNCTIONAL ROLE OF THESE
HIPPOCAMPAL RESPONSES?



TIME IN THE “MOTOR HIPPOCAMPUS”

Nina Dolfen

Dolfen et al., 2024 J Neuro



Hippocampal Activation Pattern Similarity across Sequence Repetitions
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Finger coding in random movement patterns
Random SRTT - fMRIRun n
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Position coding in random movement patterns
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Hippocampal Activation Pattern Similarity across Sequence Repetitions
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Finger coding in random movement patterns
Random SRTT - fMRIRun n Random SRTT - fMRI Run n+1
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Position coding in random movement patterns
Random SRTT - fMRIRun n Random SRTT - fMRI Run n+1
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Finger-position binding in the hippocampus
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Hippocampal patterns carry information about finger-position binding above and beyond finger and position coding
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1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING
2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

3. THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF
MOTOR SEQUENCES

BUT IS THERE A “MOTOR” HIPPOCAMPUS?



HIPPOCAMPAL FUNCTION SHARED ACROSS
MEMORY DOMAINS?

Ainsley Temudo

Temudo et al., 2025 PLoS Biol



HIPPOCAMPAL FUNCTION SHARED ACROSS
MEMORY DOMAINS?

Ordinal
005 [ I I v V

V1 VII1 VII

Object

I_

Declarative domain
(Hsieh et al., 2014)

Ordinal

poS I I I Iv. v V1 VIl VII
11

Key

pessy 4 /3 8 6 2 5 1

Procedural domain
(Dolfen et al., 2024)

Hippocampal function in encoding the order of items in a sequence may be shared across

Temudo et al., 2025 PLoS Biol

memory domains



Function shared across memory domains?

Temudo et al., 2025 PLoS Biol



Function shared across memory domains?
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Motor memory domain

HC

Declarative memory domain

Temudo et al., 2025 PL0oS Biol

Across memory domains



Hippocampus contributes to the development of memory-domain general item-
position maps that might provide a content-free cognitive framework for sequential
behaviors across memory domains

HC

Temudo et al., 2025 PLoS Biol

Space and time: The hippocampus as a sequence generator
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1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING
2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

3. THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF
MOTOR SEQUENCES

4. THE CAPACITY OF THE HIPPOCAMPUS TO REPRESENT THE TEMPORAL
ORDER OF LEARNED INFORMATION IS SIMILAR ACROSS MOTOR AND
DECLARATIVE MEMORY DOMAINS

HOW DOES THIS RELATE TO MEMORY CONSOLIDATION?



MOTOR MEMORY CONSOLIDATION

TIME




Brad King

King et al., 2022; iScience



MULTIVOXEL CORRELATION S

King et al., 2022; iScience
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Q: Persistence of MSL-related patterns
Into subsequent wakeful rest?

King et al., 2022; iScience



Albouy et al., 2015; Neuroimage

Q: Does pattern persistence reflect the
reactivation of the learned spatio-temporal
pattern?

DIFF SAME DIFF SAME
King et al., 2022; iScience



1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING
2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

3. THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF MOTOR
SEQUENCES

4. THE CAPACITY OF THE HIPPOCAMPUS TO REPRESENT THE TEMPORAL ORDER OF
LEARNED INFORMATION IS SIMILAR ACROSS MEMORY DOMAINS

5. HIPPOCAMPAL REPRESENTATIONS OF THESE SPATIO-TEMPORAL PATTERNS PERSIST
DURING SUBSEQUENT WAKEFUL REST

WHAT IS THE TIMESCALE OF THESE “REACTIVATIONS”?



MOTOR MEMORY CONSOLIDATION

TIME




ARE SIMILAR PATTERNS OBSERVED DURING
FAST CONSOLIDATION?

M{

TIME



FAST CONSOLIDATION AT THE MICRO TIMESCALE

Bonstrup et al., 2019; Curr Biol
Buch et al., 2021; Cell Rep



FAST CONSOLIDATION AT THE MICRO TIMESCALE

Buch et al., 2021; Cell Rep



FAST CONSOLIDATION AT THE MICRO TIMESCALE

Jacobacci et al., 2022

Gann et al., 2023; Brain Stim




TMS TARGETING HIPPOCAMPAL NETWORKS

Mareike Gann
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Gann et al., 2021; Neuroimage



TMS MSL
cTBS/IiTBS
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TMS MSL
cTBS/ITBS

Gann et al., 2023 Brain Stim



TEMPORAL INTERFERENCE STIMULATION

Xiaoxi Pan

19

Pan et al., in preparation



MICRO-OFFLINE CONSOLIDATION IN PATIENTS

Amnesic patients

Parkinson’s patients

Van Roy et al., 2024 J Neuro

Mylonas et al., 2024



THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING
THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF MOTOR
SEQUENCES

THE CAPACITY OF THE HIPPOCAMPUS TO REPRESENT THE TEMPORAL ORDER OF
LEARNED INFORMATION IS SIMILAR ACROSS MEMORY DOMAINS

HIPPOCAMPAL REPRESENTATIONS OF THESE SPATIO-TEMPORAL PATTERNS PERSIST
DURING SUBSEQUENT WAKEFUL REST AT BOTH THE MICRO AND MACRO TIMESCALES

CAUSAL EVIDENCE FOR A ROLE OF THE HIPPOCAMPUS IN MOTOR MEMORY
CONSOLIDATION AT THE MICRO TIMESCALE



MOTOR MEMORY CONSOLIDATION
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MOTOR MEMORY CONSOLIDATION
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Veldman et al., 2022; Cerebral Cortex
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Sigma oscillations protect or reinstate Nicolas et al., 2022: Elife
motor memory depending on their Nicolas et al., 2025; Nature Com
temporal coordination with slow waves Judith Nicolas

Judith Nicolas"?*, Bradley R King®, David Levesque®, Latifa Lazzouni®,
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Genevieve Albouy’***



THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING
THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF MOTOR
SEQUENCES

THE CAPACITY OF THE HIPPOCAMPUS TO REPRESENT THE TEMPORAL ORDER OF
LEARNED INFORMATION IS SIMILAR ACROSS MEMORY DOMAINS

HIPPOCAMPAL REPRESENTATIONS OF THESE SPATIO-TEMPORAL PATTERNS PERSIST
DURING SUBSEQUENT WAKEFUL REST AT BOTH THE MICRO AND MACRO TIMESCALES

CAUSAL EVIDENCE FOR A ROLE OF THE HIPPOCAMPUS IN MOTOR MEMORY
CONSOLIDATION AT THE MICRO TIMESCALE
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