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2|9 o A
(Baron-Cohen, Leslie, Frith 1985)

o Sally puts the ball in the basket.

I'll put the ball

in the basket!

The same as panel 1, but
Sally leaves the room.

Sally is away. Anne moves the ball
from the basket into the box.

@ Now Sally comes back.

7 (Wherewill Sally ook fo the bal? )
.
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Cell body

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 44.2 Neurons (Part 3}
© 2004 Snauer Associales, e ad W e Freoman 8 Co,
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Postsynaptic

neuron

Presynaptic

nearon

Synaptic vesicles

Synaptic bouton

Mitochondrion

Mitochondrion

Synaptic bouton

Synaptic vesicles

2.5 Synapses

TEM of synapse

N i

Freeze-fractured scanning EM of synapse

Dendritic
spines

Synaptic cleft

Dendritic spine

Synaptic cleft
Dendritic spine
Synaptic bouton

Mitochondrion

Synaptic vesicles

Dendritic spine

Axons may form a synapse upon the cell body or dendrites of a neuron. On
dendrites, synapses may form upon dendritic spines or upon the shaft of a

dendrite. Electron micrographs (insefs) reveal the

Micrographs from Peters, Palay, and Webster, 1991

fine structure of synapses.



1. Enzymes and
precursors for
synthesis of
transmitter,
vesicle wall, etc.,
are transported by
microtubules
to the axon
terminals,

3. ”
The action potential \

is propagated over the
presynaptic membrane.

2. Transmitter is
synthesized and
stored in vesicles,

4. Depolarization of presynaptic
terminal causes influx of CaZt,
leading vesicles to fuse with
presynaptic membrane and
transmitter to be released into
synaptic cleft.

5. At fast synapses, binding
of transmitter to receptor
molecules in postsynaptic
membrane opens channels,

6. Transmitter brane ¢
binds auto- permitting ion flow and
receptors initiating excitatory or
in bouton inhibitory postsynaptic
membrane. potential.

7. Enzyme
present in
extracellular
space splits
excess trans-

* mitter,

3» Transmitter-
splitting
.| enzymes

Transmitter
receptor

8. Excitatory or inhibitory
Active second messenger postsynaptic potentials
spread passively over

dendrites and cell body
“Y to axon hillock,

9. Reuptlake of transmitter
stops synaptic action and

provides transmitter for
subsequent transmission.
10. Al slow synapses, second ;‘W Inactivated second
messengers are activated in & X messenger

posisynaplic neuron by 11. Enzyme inactivates
transmitter-receptor combinations. second messenger.
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6.5 The Source of Opium and Morphine
The opium poppy flower and pod.



Adenosine Caffeine

6.6 How Caffeine Stimulates
Caffeine stimulates neurons by competing with adeno-
sine for presynaptic sites.
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Figure 5. Low-light-level photomicrographs taken from the video monitor show single optical sections through a portion of the dendritic arbo

of four different superior cervical ganglion cells. The pictures were taken about 10 min after injection of the neuronal cell body with 5(6)

carboxyfluorescein. These examples were chosen to show that the terminal portions of the dendritic arbors appear to be filled completely; delicats

terminal branches on the order of 1 um in diameter are easily seen. The dendritic arbors observed in this way were not different in appearance
from mouse superior cervical ganglion cells visualized in vitro after filling with HRP (Purves and Lichtman, 1985b).
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The Journal of Neuroscience
April 1986, 6(4): 1051-1060

Dynamic Changes in the Dendritic Geometry of Individual Neurons
Visualized Over Periods of Up To Three Months in the
Superior Cervical Ganglion of Living Mice

Dale Purves, Robert D. Hadley, and James T. Voyvodic
Department of Anatomy and Neurobiology, Washington University School of Medicine, St. Louis, Missouri 63110
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Opposing Effects of Neuronal Activity
on Structural Plasticity

Michael Fauth™** and Christian Tetzlaff=*

" Despatvrent of Compotabional Meyrososnce, Trrd ingtitung of Bhypncs - Sopinses, Georg-Aumpust Cnfssitye Gttieoan,
Genrrany, © Basneles) Condar oy Compulaiingl Maoroeckense, Sotlagen, Gerrany ¥ ey Rancd ineliane e Dyoames and
SeifOrpanianion, Grttingars, Semary

The connactivity of the brain is continuausly adjusted 0 new environmental influences
by several activity-dependant adaptive processss. The most investioated adantive
mechanism is activity-dependent functional of synaptic  plasticity  regulating  the
transmis=zon efficacy of exsting synapses. Another important but less prominentsy
discussed adaptive process is structural plasticity, which changes the conneciivity by
the formation and deletion of synapses. In this review, we show, based on experimental
evidencea, that structural plasticity can be classfied simisr to synaptic plasticity into two
categories: (i) Hebbian stroctural plasticity, which lesds to an increase (decrease) of the
number of synapses during phases of hegh dow) neuronal activity and il homeostatic
structural plasticity, wihich balances thess changess by removing and sdding synapses.
Furinermmore, based on experimental and theorelical insights, we argue ihat each type
of stuctural plasticity il a diferent function. While Hebbian stroctural changes
anhance memory lifstime, storage capacity, and memaory robustiness, homaostatic
structural plasticity self-organizes the connectivity of the neural network 1o assun
stability, Howswer, the link between functional synaptic and stractural plasticity as well az
the detailed interactions betwean Hebbian and homaostatic structural plasticity ane mom
comiplex. This implies even richer dynamics requinng further experimeantal and theoarstical
investigatians.

Keywards: structural plasticity, architoctunal plasticity, imescales, synaptic plasticity, natwark topology
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of Learning

GARY MARCUS

Book Summary

An NYU professor of psychology describes how
he was able to learn to play the guitar in midlife

in spite of a limited musical aptitude, revealing
what he learned about the brain's capacity for
musical proficiency at any time of life and how
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Brief Communication

Nature Neuroscience 12, 1370 - 1371 (2009)
Published online: 11 October 2009 | doi:10.1038/nn.2412

Training induces changes in white-matter
architecture

Jan Scholz?, Miriam C Klein*-%, Timothy E ] Behrens*2 & Heidi Johansen-
Berg*

Although experience-dependent structural changes have been
found in adult gray matter, there is little evidence for such changes
in white matter. Using diffusion imaging, we detected a localized
increase in fractional anisotropy, a measure of microstructure, in
white matter underlying the intraparietal sulcus following training
of a complex visuo-motor skill. This provides, to the best of our
knowledge, the first evidence for training-related changes in white-
matter structure in the healthy human adult brain.

Here we used DTI to measure white matter changes, and voxel-based morphometry (VBM) to measure
gray matter changes. in a longitudinal study of individuals learning a novel visuo-motor skill - juggling. 48
healthy adults gave informed consent to participate and were allocated to a training group (n=24) and an
untrained control group (n=24). The training group were scanned before (scan 1) and after (scan 2) a six-
week training period and following a subsequent four-week period without juggling (scan 3)
(Supplementary Methods). After training, all subjects could perform at least two continuous cycles of the
classic “3-ball cascade” (Supplementary Fig. 1).

We fitted a diffusion tensor model to DTI data to create whole brain maps of FA which we compared
between time points using Tract Based Spatial Statistics (TBSS) (Supplementary Methods). Comparisons
between scan 2 and scan 1 in the trained group revealed significant training-related increases in FA within
white matter underlying the right posterior intraparietal sulcus (IPS) (p=0.03, corrected, twma=4.37, x=31,

=-59. z=31) (F1g. 1). We carried out a series of post hoc tests to probe this difference further,
demonstrating that it was specific to the trained group and remained elevated relative to baseline after a
four week period without juggling (Supplementary Results).

Figure 1

FA increases after juggling training. (a) Colored voxels represent
clusters (corrected p=0.03) of significant FA increase from scan 1 to
scan 2. superimposed on the mean FA map. (b) Mean FA change from
scan 1 from within the cluster shown in (a). ...
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HEOZ | A 5%M 71 <Ref>Nature Neuroscience 12, 1370-1371(Oct. 2009)
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24785 (Epigenetics)
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2" Chromosomes ~ 23 pairs

The chromosome Is
made up of genes

The penes consist of DNA
which is made up of lour
chﬂnlr:._i letters

HUMAN GENOME
~25,000 genes
packaged in every
human cell

EPIGENETICS:

Environment (temperature,
radiation, food, drugs,
nuirients produce
immediate effects that can
be imprinted long-term

MUTATION HERE CAN
PRODUCE GENOTYPES OR
RARE GENETIC DISORDERS




DNA can wind or compaction and
Gone reguistion

HEALTH ENDPOINTS

DNA accessitde, gene active

Histone modification

The binding of epigenetic factors 10 histone "tails”
alters the axtent 1o which DNA i wrapped around
histonos and the avallabiity of gones in the DNA

10 be actwvated.
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Epigenetics and Gene Activation
for Improved Health and Longevity

Q
*REINE O Environment
' : *Clean air, water
and soil
*No smoking
A e 2 (o) |
Nutritional Factors (o) \ ’
* Calorie Restriction oW,
*Mediterranean Diet P Y
*Polyphenols -
Emotional Health
* Religion
e Meditation
Anti-Inflammatory * Spirituality

Anti-oxidant, Anti-mutation
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