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Learning and Memory- Making who we are
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Declarative (explicit) memory

Cognitive memory- Facts and event
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Nondeclarative (implicit) memory
Procedural memory- skills, habits, behaviors
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Long-Term Short-Term, and Working (temporary) Memory
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Acquisition (learning, encoding information)
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Consolidation (F % i)
Reconsolidation (£ ¥ #)
Retrieval (P~ 13z 1)

Extinguish (£_£ #7858 ¥ m 2L 3 39)
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l. fgE “,f 5 4 (H.M. patient, 1926-2008

work of Dr. Brenda Milner)
2. wilp> g (Dr. Penfield’s experiments
sensations like hallucinations, recall past experiences)
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leuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Pl o’:opw ht @ 2007 Lippincott Williams & Wilkins
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Hippocampus

(a) H.M.'s brain (b) Normal brain
ring the Brain, 3rd Ed, Bear, Conn. Brain, 3rd Ed, Bear, Connors,
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* Recognition memory test:
— DNMS: Delayed non-match to sample
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Activation of the cell
assembly by a stimulus.

Reverberating activity
continues activation afte
the stimulus is removed,

Hebbian modification
strengthens the reciproc
connections between
neurons that are active
at the same time,

The strengthened
connections of the cell
assembly contain the
engram for the stimulus.

After learning, partial
activation of the assemb
leads to activation of the
entire representation of
the stimulus.
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Neuron Doctrine: #¥ & ~ 5§ i

Santiago Ramon Cajal |
(1852-1934)

Camillo Golgi 3 ,9 ZJ?»S
5, - (1843-1926)
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AZ 347 & #OB7 ficdi microscope (Nanoscope 7  Bf %)

Conventional Stochastic activation and 3D localization of a subset of probes Super resolution
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Chemistry (2014)

Dani et al.(2010) Neuron
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CH;—C—0—CH, —CH, —N*—(CH,);

Acetylcholine

o
H;N* —CH, —ll:—o-
Glycine
o
(I.'=0 (0]
H;N* —(IZH —CH, —CH, —!:—o-

Glutamate
HO

HO CHz_CHz_NH3+

Dopamine
(derived from tyrosine)

HO

OH
Norepinephrine

HO

OH
Epinephrine
(derived from tyrosine)

Ho\@*CH; —CH, —NH3"'
N

I
H

Serotonin, or 5-hydroxytryptamine
(derived from tryptophan)

H/C =C\—CH2 _CHZ _NH3+

N NH
7
Neid

Histamine
(derived from histidine)

1
H3N+ _CHz _CHZ _CH2 e C—O'

v-Aminobutyric acid, or GABA
(derived from glutamate)

Neurotransmitters: excitatory & inhibitory chemical signals at presynapses
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HEBES TR
- Channel Proteins (#L+ i 3¢ )

Voltage-gated ion channel
Ligand (neurotransmitter)-gated ion channel

- Receptors (3L & @3 e0X 48)

Neurotransmitter Receptors: excitatory &
inhibitory receivers at postsynapses
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R: resistance ( &
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V: voltage ( 7 /&)

V=IR
Vg

Principle: Ohm’s Law ( Bc¥* T_

Microelectrode

)

R: varies depending on channel open/close

o/

I: current (
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(a) Multipolar interneuron

Axon
terminal

"-" - \ Cell body Physiology or Medicine (1963) l
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hillock Direction of action potential
(b) Motor neuron & A2 45 £< (Axon initial segment)  Muscle

Dendrite

'/, _Cell body Axon

ALY Axon Nodes  JVoin
TAS /i hillock of Ranvier
| . Axon

Direction of action potential



Direction
of impulse
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Axon terminls from Wen-Biao Gan (in vivo image, 1 mon apart)
from www.sfn.org
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Nerve system

~75 x108 LA
~ 101! ZEfi%

% Cerebral cortex (Kf$)
L~ 4 x10°% A

Nerve system

~85 x109tH X AR,
~1014—10152%fi%

Cerebral cortex (Kfg)
~ 20 x10° L&A R

Physiology
/Medicine (2000) A\ 1
axon

Chemistry (1986)
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B A e s Bl e ﬁ A g dris B Ry Hippocampal neuron culture
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a5 A SR

stained with lucifer yellow
to reveal tiny spines
rendered in artificial color
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1. lamelipodia 3. axonal outgrowth 5. maturation

stage 2. minor processes 4. dendritic outgrow’t*

days in culture 0.25 0.5 15 4 - 74
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morphological changes of synapses




Recording
electrode

n
Stimulating
electrode

Dentate Gyrus

—Recording electrode

BDNF- induced LTP (long-term potentiation)
Kang and Schuman (1996) Science

DHPG- induced LTD (long-term depression)
Huber et al., 2000, Science




Morris water maze: * -KiF ¥ K]

. Physiology
Hidden platform /Medicine (2014)

Wading pool

(a) Before learning (b) After learning
Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007 Lippincott Williams & Wilkins
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Translational Regulator

CPEB3 ki
\ Hippo
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KO mouse model

Ha 3 (A5) TR

Cued fear conditioning Contextual fear
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Hab 1 2 3 4 Hab 1 2 3 4 Hab 1 2 3 4 1. 2 3 4 5
Conditioning Trials Extinction Trials Conditioning Trials Extinction Trials

100 Hz

v

PRAY for something
wrong with my mice

LOST IN TRANSLATION
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— spatial cues

Hidden platform

Wading pool

(a) Before Iearng A (b) After Ieaming
B0 WT/KO: n=8/8 809 | CPEB3++ [] CPEB3 --
8]
Q 70- Day 5: probe trial 1
° 60- ¥
Q - ~ —
- 40 S T
0 o 40-
¢ £
a 20 = 30=
§ | = CPEB3+#+ 201
N ° 0= CPEB3 - 10+
Swimming speed: 0 0= -
I | I ]
WT: 16.6 £ 2.4 cm/sec Day1 Day2 Day3 Day4 Q1 Target Q3 Q4

KO: 17.3+ 1.4 cm/sec



Stimulating
electrode

Recording
electrode
! /

fEPSP slope (%baseline)

potentiation

100 Hz
4 ¢ WT (n=5)
% e KO (n=5)

depotentiation

100 Hz
4 5Hz ¢ WT (n=8)
i = e KO (n=9)

g,ﬂm

w w
30-40 min

fEPSP slope (%baseline)

0 . 0.5 1
time (h)
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spine
maintenance

spine growth
dendrite growth
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axon
initiation
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mock chemical LTD (3 min NMDA+30min)
CPEB3WT__ CPEB3KO

CPEB3KO_

CPEB3 WT

density (#spine/ 20 um)

length of spine (um)

width of spine head (um)

1. 1.2 1.2
=
% 1. 1.0 1.0
.5 0.8 — — p=0413 | 0.8 — —p=0.063 |08 — = P<0.001
S 0.6 — —P=0.044 |gg — —P<0.001 |gg — — P<0.001
g - = P=0.471 = = P<0.001 = = P=0.192
=04 — — p=0.005 |0.4 — —P<0.001 |0.4 — — P<0.001
= - = D=0).126 = = P<0.001 = = P<0.001
g 0.2 — —p=0233 |02 — — P=0.165 0.2 — — P<0.001
°c N hchomowmowowo Bwmohobhomohonho & h &6 o o o
T AN NOMO®MO ST IS0 W0 o Od daNNMOM I T 100 © o — — o 3N
——WT —m—WT+NMDA —— KO —— KO+ NMDA
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Acquisition 24h Extinction 7d
Memory recall
(Context A) — (Context B) —
30min Spontaneous recovery  30min Renewal
CS + US CS CS
—> (Context B) — (Context A)
WT (6 trials) (Tone + shock) x 6 Tone x 18 Tonex 18 Tone x 4 Tone x 4
KO (6 trials) (Tone + shock) x 6 Tone x 18 Tone x 18 Tone x 4 Tone x 4
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O 1 1
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3-trial blocks 3-trial blocks «° Q’C,O\‘
Acquisition trials — <
extinction

Context A Context B
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Aplysia CPEB
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Optogenetics: * k& k FLEH 4 el S5 12 (7 5

F1 AR 5 SRR 5 By &
bEERAH B S o ) Fn F kK
kR B M o RS R
;;TL /f.. N L’T'Jr:h ﬁé ﬁ\w o
light-gated ion channel proteins such as

channelrhodopsins. e.g. ChR2 ( # # - x RIS
) , halorhodopsin, VChR1 (4 » § & 7ei ~ )
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