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Memory Classification
e Short-Term
 Working memory (seconds to minutes)
* Phonological (posterior parietal lobe, Broca’s area [frontal]) —
* Visuospatial (neocortex, mostly frontal lobes) '

e Object knowledge
e Spatial knowledge

e Intermediate (minutes to hours)

e Long-Term (hours to days)

e Explicit (Declarative) (medial temporal lobe, neocortex)
e Episodic
* Semantic
e Implicit (Procedural)
e Associative (Conditioning) (amygdala, cerebellum)
e Classical (two stimuli)
e QOperant (behavior and stimuli)
* Non-associative
* Priming (neocortex)
e Skill learning (basal ganglia, cerebellum)
e Habit memory (basal ganglia)
e Habituation
e Sensitization
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Working memory Requires the right amount of dopamine on D1 receptors



Stimulus

Nobel Prizes

Laboratory Mouse

Education

Caltech, Oxford, Stanford, Harvard, MIT, Princeton, Cambridge, Imperial,
Berkely, Chicago, Yale, ETH Zurich, Columbia, UPenn, John Hopkins, UCL,
Cornell, Northwestern, UMichigan, Toronto, Carniege Mellon, Duke,

UWashington, UTexas at Austin, GA Tech, Tokyo, Melbourne, Singapore,
UBC, Wisconsin-Madison, Edinburgh, McGill, Hong Kong, Santa Barbara,
Karolinska Institute, UMinnesota, Manchester . ...and just about
every other major university, medical ¢
school & research institution in the world.

1905 - Transmission and treatment of TB
1906 - Structure of Nervous System
1907 - Role of protozoa in disease

1908 - Immunity to infectious diseases
1928 - Investigations on typhus

1929 - Importance of dietary vitamins
1939 - Discovery of antibacterial agent, Prontosil
1945 - Discovery of penicillin

1951 - Yellow fever vaccine

1952 - Discovery of streptomycin

1954 - Culture of the polio virus

1960 - Understanding of immunity

1970 - Understanding of neurotransmitters
1974 - Structural & functional organisation of cells
1975 - Tumour-viruses and genetics of cells
1977 - Hypothalamic hormones

1984 - Techniques of monoclonal antibody formation
1986 - Nerve growth factor and epidermal growth factor

1990 - Organ transplantation techniques

1992 - Regulatory mechanisms in cells

1996 - Immune-system detection of virus-infected cells

1997 - Discovery and characterisations of prions ‘ ;

1999 - Discovery of signal peptides C Of a
2000 - Signal transduction in the nervous system

2004 - Odour receptors and organisation of olfactory systems

2008 - Role of HPV and HIV in causing disease S

2010 - Development of in vitro fertilization l esaver
2011 - Discoveries around innate and adaptive immunity

2012 - Reprogramming mature cells to pluripotent ones

Overview

 Involved in around 75% of research

» Short life-span and fast reproductive rate
means mice are suitable for studying
disease across whole life cycle

* 98% of genes have comparable genes in
humans

 Similar reproductive and nervous
systems and suffer many of the same
diseases as humans including cancer
diabetes and anxiety

« Can be genetically modified to include
human genes in enhance biological
relevance

eCan act as an avatar for a human cancer to
allow drug therapies to be trialled safely

Research Areas

Alzheimer's disease, anaesthetics, AIDS
& HIV, anticoagulants, antidepressants,
asthma, blindness, bone and joint disease,
brain injury, breast cancer, cardiac arrest,
cystic fibrosis, deafness/hearing
loss, Down's sndrome, drugs for high
blood pressure, transplant rejection,
Hepatitis B, C & E, Huntington's disease,
influenza, leukaemia, malaria, motor neurone
disease, multiple sclerosis, muscular
dystrophy, Parkinson's disease, prostate
cancer, schistomiasis, spinal cord injury,
stroke, testicular cancer, tuberculosis,

Contact
www.understandinganimalresearch.org.uk
www.animalresearch.info
WWW.amprogress.org
www.speakingofresearch.com
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Explicit Memory

e Requires hippocampus as revealed
by famous clinical cases

e Spatial memory in rodents is a close
approximation

 Overwhelming evidence suggests
that long-term potentiation (LTP) .
and long-term depression (LTD) are ane IR
the molecular underpinnings

After learning
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Schematic of a transverse hippocampal brain slice preparation from the rat. Two extracellular stimulating electrodes are used to activate two nonoverlapping inputs to pyramidal neurons of the CA1 region of the hippocampus. By suitably adjusting the current intensity delivered to the stimulating electrodes, different numbers of Schaffer collateral/commissural (Sch/com) axons can be activated. In this way, one stimulating electrode was made to produce a weak postsynaptic response and the other to produce a strong postsynaptic response. Also illustrated is an extracellular recording electrode placed in the stratum radiatum (the projection zone of the Sch/com inputs) and an intracellular recording electrode in the stratum pyramidale (the cell body lay

LTP at the CA3–CA1 synapse in the hippocampus. (A) Test stimuli are delivered repeatedly once every 10 s while the strength of the synaptic connection is monitored. Strength can be assessed by the amplitude of the extracellularly recorded EPSP or, as was done in this example, as the slope of the rising phase of the EPSP, which provides an accurate reflection of its strength. To induce LTP, two 1 s, 100 Hz tetani were delivered with a 20-s interval. Subsequent test stimuli produce enhanced EPSPs. The enhancement is stable and persists for at least 2 h. Examples of extracellulary recorded field EPSPs before (B1) and 90 min after the induction of LTP (B2). In B3 the traces from B1 and B2 are superimposed.er). Also indicated is the mossy fiber projection from granule cells of the dentate gyrus (DG) to the pyramidal neurons of the CA3 region.

Features of LTP at CA3–CA1 synapses in the hippocampus. A single hippocampal pyramidal cell is shown receiving a weak and strong synaptic input. (A) Tetanic stimulation of the weak input alone does not cause LTP in that pathway (compare the EPSP before and after the tetanus). (B) Tetanic stimulus of the strong input alone causes LTP in the strong pathway, but not in the weak pathway. (C) Tetanic stimulation of both the weak and the strong pathway together causes LTP in both the weak and the strong pathway.
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Associative (Hebbian) postsynaptic LTP
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Figure 2 | Long-term potentiation (LTP) and long-term depression (LTD) in the
hippocampal formation. NMDA-receptor-dependent LTP, also called Hebbian LTP (see
BOX 3) occurs in approximately 50% of interneurons in the stratum radiatum of the CA1
region, at synapses formed by Schaffer collaterals45 (axons of CA3 pyramidal cells). When
measured by whole–cell patch-clamp recording, tetanic stimulation of Schaffer
collaterals has been shown to induce LTD in interneurons of the stratum radiatum33. This
form of LTD spreads to other inputs on the same interneuron. Anti-Hebbian LTP, which is
dependent on Ca2+-permeable AMPA receptors (CP‑AMPARs) and involves mGluR1,
occurs in many interneurons in the stratum oriens and the stratum pyramidale, at
synapses formed by axon collaterals of local pyramidal neurons24,57. Both LTP and LTD
occur in basket cells in the dentate gyrus (DG), at synapses formed by axon collaterals of
granule cells34. LTD that is dependent on either NMDA or CP‑AMPARs occurs in
interneurons in CA3, where it has been studied most intensively at synapses that are
formed by mossy fibres23,65. AMPA, α‑amino‑3-hydroxy‑5-methyl‑4-isoazolepropionic
acid; G, stratum granulosum; H, hilus; L, stratum lucidum; LM, stratum lacunosummoleculare;
M, stratum moleculare; NMDA, N-methyl-d-aspartate; O/A, stratum oriens/
stratum alveus; P, stratum pyramidale; R, stratum radiatum.



Long term plasticity requires
protein synthesis and

a LTP induces spine growth ¢ Learning induces
increase in spine number
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Epigenetic changes co-occur with synaptic plasticity
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Figure 1. Epigenetic Mechanism in Memory
Epigenetic regulation of the transcriptional switch: 5HT inhibits miRNA-124
and thus facilitates the activation of CREB-1, which begins the process of
memory consolidation, while piRNA, also activated by 5HT, but with a delay,
leads to the methylation and thus repression of the promoter of CREB-2,
allowing CREB-1 to be active for a longer period of time.
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Neurogenesis (new neurons) happens in the
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Cell birth and cell death in the dentate gyrus across the lifespan. On postnatal day 1, granule
neurons that were generated embryonically have begun to form the tip of the suprapyramidal
blade of the granule cell layer (GCL). During the first postnatal week, the GCL continues to
be formed from progenitor cells located within the hilus along four general gradients—
caudal to rostral, suprapyramidal to infrapyramidal, suprapyramidal tip through crest to
infrapyramidal tip, and superficial to deep. Thereafter, the production of new granule
neurons tapers off but remains substantial in adulthood until animals reach middle age and
become aged. Alongside neurogenesis, there is substantial death of granule neurons. Cell
death peaks at the end of the first postnatal week as indicated by the presence of pyknotic
(i.e., dying) cells. In adulthood, substantial cell death continues, especially of newborn
neurons located primarily within the subgranular zone (SGZ) or deep within the GCL.


Where are memories stored?
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Place cells

Conn's Translational Neuroscience 2017, Pages 693—-708
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Figure 32.4. Neurons in the medial temporal lobe memory system exhibit spatially specific firing. From the perspective of someone looking down into an enclosure containing a rat, the gray line indicates the path of the rat, and each red dot indicates the location of the rat when the neuron fired an action potential. (A) A place cell in the hippocampus fires action potentials only when the rat is in one particular area of space. (B) A grid cell in the entorhinal cortex, which is intensively connected with the hippocampus, fires when the rat is located within multiple, periodic locations that form a grid pattern.
Figure from Derdikman D, Moser E. A manifold of spatial maps in the brain. Trends Cog Sci 2010;14:561–69.


http://www.sciencedirect.com/science/book/9780128023815
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