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Cell body

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 44.2 Neurons (Part 3}
2004 Snaer Assoctales, G ad W Freeman 8 Co
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Postsynaptic
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Presynaptic
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Synaptic vesicles
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Mitochondrion

Synaptic cleft
Mitochondrion

Dendritic spine

Synaptic bouton
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Freeze-fractured scanning EM of synapse Dendritic spine

2.5 Synapses

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 (insets) reveal the fine structure of synapses.
Micrographs from Peters, Palay, and Webster, 1991




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

3. ﬂ
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,

;§V Transmitter-
splitting
enzymes

Transmitter
receptor

8. Excitatory or inhibitory
Active second messenger postsynaplic potentials
spread passively over
dendrites and cell body
Lo axon hillock.

9. Reuplake of transmitter
stops synaptic action and

o
provides transmitter for Fy

subsequent transmission.

Inactivated second
messenger

10. Al slow synapses, second
messengers are activated in
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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4.9 Development of Purkinje Cells in the Human Cerebellum
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4.16 Cerebral Cortex Tissue in Early Development of Humans
(@) In a newborn. (b) Three months after birth. (¢) Two

refer to the six cortical layers. From Conel
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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; delicat
terminal branches on the order of | gm 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).

0

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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canonical template tracking method to quantify the activation state of individual target memories
and competitors during retrieval. This method revealed that repeatedly retrieving target memories
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Abstract

The purpose of this study was fo examine the behavioral effects of adults’ communicated
affect on 5-month-olds’ visual recognition memory. Five-month-olds were exposed to a
dynamic and bimodal happy, angry, or neutral affective (face—voice) expression while
familiarized to a novel geometric image. After familiarization to the geometric image and
exposure to the affective expression, 5-month-olds received either a 5-min or 1-day
retention interval Following the 5-min retention interval, infants exposed to the happy
affective expressions showed a reliable preference for a novel geometric image
compared to the recently familiarized image. Infants exposed to the neutral or angry
affective expression failed to show a reliable preference following a 5-min delay.
Following the 1-day retention interval, however, infants exposed fo the neutral
expression showed a reliable preference for the novel geometric image. These resulis
are the first fo demonstrate that 5-month-olds’ visual recognition memory is affected by
the presentation of affective information at the time of encoding
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The connectivity of the brain is continuaushy adjusted 1 new environmental influences
by several activity-dependant adaptive processes. The moat investioated adantive
meachanism iz activity-dependent functional oF synaplic  plasticity  regulating  the
transmission eficacy of existing synapses, Another important Dot ess prominentsy
discussad adaptive process is structural plasticity, which changes the connectivity by
the tormation and deletion of synapses. Inthis review, we show, based on experimental
evidencea, that structural plasticity can be classified similsr to synaptic plasticity into two
categories: (i) Hebbian stroectural plasticity, which lesds to an increase (decrease) of the
number of synapses during phases of hegh dow) neuronal activity and (i) homecstatic
structural plasticity, winich balances thess changes by removing and sdding synapses.
Furtnermmore, based on experimental and theorefical insights, we argue ihat each type
of structural plasticity fulflls a different function. Whils Hebbian stroctural changes
enhance memory [ifetime, storage capacity, and memory robustness, homacstatic
structural plasticity self-aorganizes the connectivity of the neural network to assum
stability, Howsver, the link between functional synaptic and stractural plasticity as well as
the detailed intaractions between Hebbian and homaostatic structural plasticity ane mom
comple. This implies even rcher dynamics reguiing further exparimeantal and theoarstical
investigations.
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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|







nature

Here we used DTI to measure white matter changes, and voxel-based morphometry (VBM) to measure
neuro SCle nce 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)

Access (Supplementary Methods). After training, all subjects could perform at least two continuous cycles of the
To read this story in full you will need to login or make a payment (s¢ classic “3-ball cascade’ (Supplementary Fig. 1).

pafyce.com: > Jonrnak home: > Tabia of Coptants 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

Brief Communication 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, twmay=%.57, x=31,
Nature Neuroscience 12, 1370 - 1371 (2009) v=-59, z=31) (Fig. 1). We carried out a series of post hoc tests to probe this difference further,

Published online: 11 October 2009 | doi:10.1038/nn.2412 demonstrating that it was specific to the trained group and remained elevated relative to baseline after a

four week period without juggling (Supplementary Results).

Training induces changes in white-matter
architecture

Figure 1

FA increases after juggling training. (a) Colored voxels represent
clusters (corrected p<i0.03) 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). ...

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.

Mg =2 488 HOl O Ao N=ged I5248O1Y 302 A5, =
2 LI5=0 6 = MSEEIIAF & AO[O] K[+

) :l_—-—01|k| E_I_ —L':l:l'l'x7|' H )\A)\AE|— O OéIE|

MMOZ | BHAl 5ouM =7} <Ref >Nature Neuroscience 12, 1370-1371(Oct. 2009)

O



저글링.avi

namre

El neuroscience
T






| 74 0 TpSHH

N Y s
== SEOIL}

Michael T_; McGarvey, Metta; Quinn, Bnan [ ef al. (25 November

40.

41.

42.

43.

44,

45.

2005). "Meditation experience is associated with increased cortical
thickness"&. NeuroReport 16 (17): 1893-97.
doi:10.1097/01.wnr.0000186595.66243.19¢&. PMC 1361002 &.

PMID 16272874 &.

A Lutz, A; Greischar, L.L; Rawlings, N.B.; Ricard, M_; Davidsen, R. J.
(16 November 2004). "Long-term meditators self-induce high-amplitude
gamma synchrony during mental practice”&. PNAS 101 (46): 1636973
doi:10.1073/pnas.0407401101& . PMC 526201 &. PMID 15534199,
Retrieved 8 July 2007.

A Sharon Begley (20 January 2007). "How Thinking Can Change the
Brain"&. http:/fwww dalailama.comd. External link in | publisher=
(help)

A Davidson, Richard; Lutz, Antoine (January 2008). "Buddha’s Brain:
Neuroplasticity and Meditation” | & (POF). IEEE Signal Processing
Magazine. Archived from the original on 12 January 2012,

* Chris Frith (17 February 2007). "Stop meditating, start interacting”&.
New Scientist.

A Tarumi T, Zhang R (January 2014). "Cerebral hemodynamics of the
aging brain: risk of Alzheimer disease and benefit of aerobic exercise” .
Front Physiol 5: 6. doi:10.3389/fphys.2014.00006 & . PMC 3896679:.
PMID 244787196 . "Exercise-related improvements in brain function and
structure may be conferred by the concurrent adaptations in vascular
function and structure. Aerobic exercise increases the peripheral levels
of growth factors (e.g., BONF, IFG-1, and VEGF) that cross the blood-
brain barrier (BBB) and stimulate neurogenesis and angiegenesis (Trejo
etal, 2001; Lee et al., 2002; Fabel et al., 2003; Lopez-Lopez et al.,
2004)."

# Szuhany KL, Bugatti M, Ctto MW (Cctober 2014). "A meta-analytic
review of the effects of exercise on brain-derived neurotrophic factor”#.
J Psychiatr Res 60C: 56-64. doi:10.1016/) jpsychires.2014.10.003 &.
PMC 4314337&. PMID 25455510 &. "Consistent evidence indicates
that exercise improves cognition and mood, with preliminary evidence
suggesting that brain-derived neurotrophic factor (BDNF) may mediate
these effects. The aim of the current meta-analysis was to provide an
estimate of the strength of the association between exercise and
increased BDNF levels in humans across multiple exercise paradigms.
We conducted a meta-analysis of 29 studies (N = 1111 participants)

a1

52

TEvreT o
PMC 3990369¢7. PMID 24748784 &.

A Guiney H, Machado L (February 2013). "Benefits of regular aercbic
exercise for executive functioning in healthy populations”. Psychon Bull
Rewv 20 (1): 73-86. doi:10.3758/513423-012-0345-4 &

PMID 23229442 . "Executive functions are strategic in nature and
depend on higher-order cognitive processes that underpin planning,
sustained attention, selective attention, resistance to interference,
volitional inhibition, working memory, and mental flexibility ... Data to
date from studies of aging provide strong evidence of exercise-linked
benefits related to task switching, selective attention, inhibition of
prepotent responses, and working memory capacity; furthermore, cross-
sectional fitness data suggest that working memory updating could
potentially benefit as well. In young adults, working memory updating is

I I OO T OO OO T L TR T T T e O

the main executive function shown to benefit from regular exercise, but
cross-sectional data further suggest that task-switching and post-error
performance may alse benefit. In children, working memory capacity has
been shown to benefit, and cross-sectional data suggest potential

benefits for selective attention and inhibi

idea that higher levels of aerobic activiy, % ain [oein] O, 2SS0} B

84.

85

1=

superior brain structure has been gained through cross-sectional studies
in older adults and children (for a recent review, see Voss, Nagamatsu,
et al. 2011). ... only those in the asrobic exercise group exhibited
improved connectivity between the left and right prefrontal cortices, two
areas that are crucial to the effective functioning of the fronto-executive
network. ... Together, these studies provide evidence that regular
aerobic exercise benefits control over responses during selective
attention in older adults. ... aerobic fitness is a good predictor of
performance on tasks that rely relatively heavily on inhibitory control over
prepotent responses (e.g., Colcombe et al, 2004, Study 1; Prakash et
al., 2011) and also that regular aerobic exercise improves performance
on such tasks _.. Overall, the results from the span and Stermberg tasks
suggest that regular exercise can also confer benefits for the volume of
informaticn that children and older adults can hold in mind at one time.”
A Buckley J, Cohen JD, Kramer AF, McAuley E, Mullen SP (2014).
"Cognitive control in the self-regulation of physical activity and sedentary
behavior"&. Front Hum Neurosci 8: 747.
doi:10.3389/Mmhum.2014.00747 . PMC 4179677 &. PMID 25324754 &.

86.

a7

88

89.

90.

Vol. | (1945) and Vol. Il (1950), Open Access | 4.

. Stratton G.M. (1696). "Some preliminary experimants on vision without

inversion of the retinal image”. Psychological Review 3 (6): 611-7.
doi:10.1037/h0072M18 &.

. * Gonzalo, J. (1952). "Las funciones cerebrales humanas segun nuevos

datos y bases fisioldgicas. Una introduccién a los estudios de Dindmica
Cerebral”. Trabajos del Inst. Cajal de Investigaciones Bioldgicass XLIV:
pp. 95—157. [Facsimil edition as "Splemento |” in Dindmica Cerebral
(2010), Open Access. @@ Complete English translation, Open Access | &

. * Brain Science Podeast Episode #10, "Neuroplasticity”

A "Wired Science . Video: Mixed Feelings"#. PBS. Retrieved 12 June
2010.

A "Shepherd Ivory Franz"#. Rkthomas.myweb.uga.edu. Archived from
the original & on 2012-02-03. Retrieved 12 June 2010.

A Colotla, Victor A; Bach-y-Rita, Paul (2002). "Shepherd Ivory Franz:
His contributions to neuropsychology and rehabilitation” | g} (PDF).
Cogritive, Affective & Behavioral Neuroscience 2 (2): 141-148.
doi:10.3758/CABN.2.2.141&. Archived from the original on 1 March
2012

A Maguire, E. A.; Frackowiak, R. 5. Frith, C. D. (1997). "Recalling routes
around lenden: Activation of the right hippocampus in taxi drivers”. The
Journal of neuroscience - the official journal of the Society for
Neuroscience 17 (18): 7103-7110. PMID 9273544 &.

~ Woollett, K; Maguire, E. A. (2011). "Acquiring "the Knowledge" of
London's Layout Drives Structural Brain Changes™s. Current Biology 21
(24): 2109-2114. doi:10.1016/.cub.2011.11.018¢. PMC 3266356&.
PMID 22169537 .

* Maguire, E. A;; Gadian, D. G.; Johnsrude, |. S.; Goed, C. D ;
Ashbumer, J.; Frackowiak, R. 5. J; Fnth, C. D. (2000). "Nawigation-
related structural change in the hippocampi of taxd drivers” e
Proceedings of the National Academy of Sciences 9T (8): 4398—4403.
Bibcode:2000PNAS...97.4398M . doi:10.1073/pnas.070039597 &
PMC 18253¢. PMID 10716736:.

A hitp:/fwww_kavliprize. org/prizes-and-laureates/prizes/2016-kavli-prize-
neuroscience g

A Hubel, D.H.; Wiesel, T.N. (1 February 1970). "The period of
susceptibility to the physiclogical effects of unilateral eye closure in

PR = - S L £ Dol AL N A0 A




==






0%
>
=
>
s
10

il
noe

x
o

11
~

o
°
=
ojo
=2
0

oF

F= X2 AF 2 0130] 50 s =hte =

—l = o — [ |

0



o] =2[H =0 7|2et X|s O AkKl=
7t2-30] BIX| 2

oM 2 728 2R H BJL| W{Z0|C,

defA A2l k= =X &7 O EL



e Aof 23t 0|4l




Edward H. Adelson (1995)




)

Of

ALOLOf| TH

|O

|)k|

-

. MZO| £[H 2
. o] 05X X|2eE
. HE2 k0| A

Anil Seth 2021, Being You: A New Science of Consciousness Faber & Faber



JEAM

- QMBI AT MY -



phenotype

A

—_—
@

F ™A genotype /

- 4
o 10
ol
OM ._.Auo
<+
=___= 8
o
O N
50 H<
Bl
H O
o1
s
ool
- ..__m.o
O

o 89
Kd &
OF RO
S

B’
gl
OF 2
_ K
ol i
< ok
70
oo I
T
— O
1
G oF
= -
< Auv
om <
00 T
Bl B3
H o))
@)




247785 (Epigenetics)

X ¢

| B

o

- DNA G7|A &2 Hz}t 0| A Z0}EI

= OF

il

7|0 Chet

'(Epigenetics)O| 2t BFCY,

O] Z&L]|

!

=

—
®)

H



What is epigenetics?

* Epigentics:
— epi (GK) upon
— genesis (GK) generation, birth, origin
» genes (Gk) born
* ‘the interaction of genes with their environment,
which bring the phenotype into being”
(Waddington, Endeavor 1:18,1942)

* ‘heritable changes in gene expression not
attributable to nucleotide sequence variation’
(Murrell et al. Hum Mol Genet 14:R3, 2005)
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The chromosoms Is
made up of genes

The penes consist of DNA
which is made up of lour
chﬁnlr:._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




EPIGENETIC MECHANISMS

HEALTH ENDPOINTS

DNA can wind e compaction and
Gone reguiation

DNA nacoessitda, gene inactive

DNA accessitde, gene active

|

Histone modification

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

10 be actwvated.
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TWO WAYS TO ACTIVATE OR
The two main components
of the epigenetic code SILENCE GENES

1. Methylation

DNA methylation

Mathyl marks added to certan
DNA bases repress gene actwlty

2. Small molecules/ histones

y /:':[/)
QI ™ |»‘- A — 1, CT|VATED GENE

SILENCED GENE

{ . : it t el '
A P (Folic acid, Vitamin B12, Choline)
A combination of dffecent
MOoCuies Can AR1ach 1o the tais”
of proteins called Nstones. These
alter the activity of the DNA

wrapped avound tham SILENCE GENES
= = Resveratrol, quercetin,
curcumin, other small
Chromosome molecules (histone
deacetylase inhibitors)




AN ON-OFF SWITCH FOR GENES

Mutations affecting enzymes that add or remaove chemical tags 1o DNA or its associated proteins can
change which genes are expressed, leading to leukaemua.

Silent gene

m—
— .
———
-

-_—

Activated gene

O Methyl group

Histone




1. DNA

‘i.
2
®
®
Key to epigenetic marks
® Methyl on DNA

e Inactive marks on histones
e Active marks on histones

LI

Open
and
active

2. DNA

with histone proteins

(yellow)

» Development
« Environment
« lliness

Closed
and
inactive

3. Two meters of DNA per cell
packaged with more proteins
(blue) into chromosomes




Epigenetics and Gene Activation
for Improved Health and Longevity

Excercise
*RENE Environment
*Clean air, water
and soil
*No smoking
2 4 [+ ‘
Nutritional Factors (o) \ ’
* Calorie Restriction B,
*Mediterranean Diet > -
*Polyphenols - e
Emotional Health
* Religion
¢ Meditation
Anti-Inflammatory * Spirituality

Anti-oxidant, Anti-mutation
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