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“If we remembered everything, we should on most occasions be as ill
off as If we remembered nothing.” —— William James(1890)

Highly superior Autobiographical Memory
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Some people call me the human calendar while others run ’ ’

out of the room in complete fear but the one reaction I get
from everyone who eventually finds out about this “gift” is
total amazement. Then they start throwing dates at me to try
to stump me... . I haven’t been stumped yet. Most have called

it a gift but I call it a burden. I run my entire life through my
head every day and it drives me crazy!!!... .



PART 1 : The overview of forgetting: Definition and Types ——JSH

PART 2 : The neuroscience of forgetting in Drosophila——MMZ

PART 3 : The potential factors associated forgetting processing——LZQ

Why forgetting is commonly happened in our everyday lives?



Pioneer of forgetting
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Theories of forgetting

1885 | Forgetting Curve

Memory is forgotten simply by the
dissipation of memory over time.

Passive Forgetting



Theories of forgetting

1885 | Forgetting Curve 1913 | Decay Theory

“In time iron, when unused, may rust,
but oxidation, not time, is responsible”

Brain activity



Theories of forgetting

1885 | Forgetting Curve 1913 | Decay Theory
Interference Theory

other competing memories before (proactive) or after
(retroactive) the learning event

Motivated Forgetting
an emotional motive to suppress the memories

Retrieval-induced Forgetting

recalling some items of a memory inhibits recollection of
other items

Active Forgetting



What is the neuroscience of active forgetting?
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1885 | Forgetting Curve 1913 | Decay Theory 1932
Interference Theory
Motivated Forgetting

Retrieval-induced Forgetting
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What is Rac?

The Rho family of small GTPases
(Rho, Rac and Cdc4)

Upstream signals

GTPase-activating GTPase Guanine nucleotide
proteln cycle exchange factor

Jr

Downstream effectors

v

Actin cytoskeleton

Dominant-negative N17 mutant (T17N):
sequester the rate-limiting guanine nucleotide
exchange factor

Constitutively active V12 mutant (G12V) :
defective GTPase function
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Rac function and regulation during Drosophila
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coordination of collective cell migration
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Inhibition of Rac Activity has no effect on memory formation but functions specifically on memory decaying

Pavlovian Olfactory Aversive Conditioning
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The prolonged memory is distinct from known consolidated memory components

STM: short-term memory

MTM: middle or intermediate-term memory

ARM: anesthesia-resistant memory

LTM: protein-synthesis-dependent long-term memory

Memory retention
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Racl also mediates interference-induced forgetting and reversal learning-activated forgetting
A
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Decay of object recognition memory is bi-directionally regulated by Rac1 activity
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Racl activation regulates the interference-based forgetting of object recognition memory
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Repetition-induced ARM improvement is due to slower decay but not enhanced formation

The time course of ARM formation is solely determined by the first session of training.
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The subsequent trials are devoted not to acquiring information but to inhibiting forgetting of the ARM.
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Cdc42 activity specifically regulates time-based ARM decay
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Repeated learning prolongs ARM retention through suppression of Cdc42-dependent forgetting
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SCAR/WAVE and WASp, act downstream of Racl and Cdc42 separately to regulate ASM and ARM forgetting
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Racl and Cdc42 regulate ASM and ARM forgetting by different actin

polymerization mechanisms
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Racl regulates spontaneous recovery of extinguished appetitive memory

A Learning Extinction Test
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Manipulating Rac1l activity does not affect reward memory
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Spontaneous recovery occurs via the Racl/Dia pathway of aversive memory forgetting
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Impairment of Racl-dependent forgetting results in behavioral inflexibility in mutants of autism-risk genes
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Summary:

v' Rac activity is critically involved in active regulation of early memory forgetting
v' Racl-dependent forgetting is evolutionarily conserved from invertebrates to vertebrates
v' Cdc42 specifically regulates forgetting of anesthesia-resistant memory (ARM)

v' Racl and Cdc42 regulate different types of memory forgetting by different actin
polymerization mechanisms

v Spontaneous recovery occurs via the Racl/Dia pathway of aversive memory forgetting

v Brain disorders are associated with Rac-dependent forgetting

What are neuronal circuits underlying Racl-dependent forgetting?



The neuroscience of forgetting in Drosophila

—a simple circuit of ASM
MMZ



125 QUESTIONS: EXPLORATION AND DISCOVERY

Neuroscience

Can human memory be stored, manipulated, and transplanted digitally?

Science fiction movies depict a day when we can
upload our memaories to the cloud and then have them
downloaded into some farm of a computer-would
this be a robot perhaps, or an artificial life form?
Neuroscientists and cognitive science researchers dont
laugh at this prospect, but rather use it as ingpiration
to push the boundaries of knowledge and better
understand how memory works and how it is stored in
the bundles of neurons within our skulls.

Memaory is the way in which the brain retains
information. Our brain can record all that we, as a
conscious baing, experience-the feelings something
evokes; the smells, sounds, sights, and thoughts it
engenders; and the actions that we take and obsarve.,
Memory is a foundational aspect of our cognition
that guides the way we interact with and navigate the
world, Its inner workings ane generally beleved o rely
on a dual process of two different systems, in which
unconscious and routing thought processes cooperate
with more conscious, problem-solving thought
processes. In a certain sense, memory parallels
a computer-like model, in that it involves inputs,
encoding, storaga, and retriaval.

But how close are we 1o Copying our memories
onto a thumb drive? Closer than ever before-but still
miany years away from this reality. And yet recently,
scientists have made fascinating progress. In 201%, a
team reported that they were able 1o reverse-engineer
a natural memory in a mouse’s brain. Essentially, they
mapped the neural circuits that helped form and store
the memary and then “trained” another mouse by
"stimulating the brain cells in the pattern of the natural
mamory,” wites neurodegeneration specialist Robart
Martone. "Dioing so created an artificial memory that
was retaingd and recalled in a manner indistinguishable
from a natural one.”

The achievement of forging artificial memaries
could impact theoretical and experimental cognitive
research as well as clinical medical science: Perhaps we
can leverage our understanding of memory storage
and manipulation for emancipation from devastating
ailments such as Alzheimer's and postiraumatic stress
disorder.

Why should we forget our memory?
Is forgetting just a passive occurrence?

How does forgetting happen?



« The importance of Rac1 in active forgetting
« Neural circuits involved in forgetting

« How does Rac1 work in neurons



Classical olfactory and courtship conditioning assays
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« The importance of Rac1 in active forgetting



Bidirectional regulation forgetting by Rac1 in MB
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« Neural circuits involved in forgetting



Dopamine and Rac1 have similar effects on memory
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PPL1T DAN promotes the regression of ASM
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Two types of dopamine receptors are involved in memory and forgetting respectively
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Damb has high affinity with small G protein Gaq
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MBNs regulates forgetting through GPCR
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« The importance of Rac1 in active forgetting
« Neural circuits involved in forgetting

« How does Rac1 work in neurons



Scaffolding protein promotes forgetting
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The neural circuitry of forgetting
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Scribble interacts with Rac1, Pak3, and Cofilin, scaffolding a signalosome for active forgetting
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Scribble has different functions in DANs and MBNs
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Take home messages

« Forgetting is important for the formation of new memories.

« Dopamine can not only mediate olfactory learning and memory,

but also participate in active forgetting.

« Recombination of skeletal proteins in MBNs may cause cell

imprinting disappear.



Factors affecting forgetting




The potential factors assoclated forgetting processing
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Content

1. How does sleep improve memory?
Dopamine neurons promote active forgetting in the fruit fly's olfactory memory, and sleep
suppresses the activity of dopamine neurons, a key factor in the control of forgetting

2. How does social isolation accelerate forgetting of social memory?
Social isolation activated Racl protein in the hippocampus of mice, and re-socializing
reversed Racl protein activation and social memory impairment caused by isolation.

3. How can labile memory be actively protected?

Learning/training itself can actively protect newly formed short-term memory by activating
Raf/MAPK signaling pathway to prevent memory from being quickly forgotten due to
unexpected interference.



Cell

Sleep Facilitates Memory by Blocking Dopamine
Neuron-Mediated Forgetting

Graphical Abstract Authors
= Jacob A. Berry, Isaac
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Ronald L. Davis
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In Brief

Sleep is generally thought to stabilize new
memories, but early psychology studies
suggest that it prevents new leaming
from interfering with old memories. This
study shows that sleep suppresses the
activity of dopamine neurons that
promote active forgetting of olfactory
memories in flies, providing integration
between neuroscience and psychology
research.
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1.Develop mitochondrial therapeutics.Mitochondrial
dysfunction is a major hallmark of most neurodegenerative
disorders, including Alzheimer’s disease (AD) and
amyotrophic lateral sclerosis (ALS).

2.Uncover the brain mechanisms that lead to forgetting.

Berry, Jacob A et al. Cell.(2015)
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synaptic connections to
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2.Sleep Reduces Ongoing DAN Activity——Gaboxadol
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2.Sleep Reduces Ongoing DAN Activity——Stimulate the sleep neural circuit
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3.Increased Sleep after Learning Impairs Forgetting
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4.Increased Arousal after Learning Increases Forgetting
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Cell Reports

Social Isolation Induces Rac1-Dependent Forgetting
of Social Memory

Graphical Abstract Authors
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Liu et al. identify a Rac1-dependent

forgetting pathway that mediates

isolation-induced memory impairment.

Such findings underscore the importance

of maintained social interactions on

cognitive function, which may have

implications for autism and Alzheimer's
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1.Social Isolation Induced a Rapid Decay of SRM through Increased Hippocampal Racl Activity
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Manipulation of Racl Activity Affects the Retention, but Not the Acquisition, of Social Memory
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2.Resocialization Reversed Isolation-Induced Memory Defects and Elevated Racl-Activity
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Summary
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1.Learning Activates Raf/MAPK Activity in a Brain Region Where Labile Memory Is Formed
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2.Labile Memory Retention, but Not Acquisition, Is Bidirectionally Regulated by Raf/MAPK Activity in y MB Neurons
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3.Raf-Suppressed Forgetting Is Distinct from Racl-Mediated Active Forgetting
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3.Raf-Suppressed Forgetting Is Distinct from Racl-Mediated Active Forgetting
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Summary
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Tips for delaying forgetting:

The best for the last

Thank you !

Go sleeping after learning something new

Have a fantastic social life
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