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The nervous system determine
what we perceive, feel, think, say and do.

www. BrainConner for. com
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ceptual processes, control of movement, sleep and

waking, reproductive behaviors, ingestive behaviors,
aggressive behaviors learning and memory, language
and human pathological conditions.
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Open neural tube defect
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* Two types of neural tube migration
o Radial migration (%4 8 # ) — moving out — usually by moving
along radial glial cells
e Tangential migration (& *7 4 738 4 )— moving up

#¢ %= = Neural
q'? tube

Bl Tangential migration Bl Radial migration



AL

' BE= ]
e 3

Two methods of migration
~ Somal — an extension develops that leads migration, cell body follows
~ Glial-mediated migration — cell moves along a radial glial network

Somal Translocation (Radial or Tangential)

Glia-Mediated Migration (Haclml Only}
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WWhen an insect is dangled in front of a normal frog, the
frog strikes at it accurately with its tongue.

When the eye is rotated 180° without cutting the optic
nerve, the frog misdirects its strikes by 180°.

NO bel Prize 1981 When the optic nerve is cut and the eye rotated by

180~, at first the frog is blind. but once the optic nerve
has regenerated the frog misdirects |ts strikes by 180°.

This is ugh
rotated, grow back to their original synaptic Sltes.




* Neural development — an ongoing process, the
nervous system is plastic.

* Complex.
e Experience plays a key role.
* Dire consequences when something goes wrong.
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* 4 of every 10,000 individuals — 3 core symptoms:
e Reduced ability to interpret emotions and intentions
e Reduced capacity for social interaction
e Preoccupation with a single subject or activity

* Intensive behavioral therapy may improve function

* Heterogenous — level of brain damage and dysfunction
varies
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* Most have some abilities preserved — rote memory, ability
to complete jigsaw puzzles, musical ability, artistic ability.

» Savants — intellectually handicapped individuals who
display specific cognitive or artistic abilities
» ~1/10 autistic individuals display savant abilities

* Perhaps a consequence of compensatory functional
Improvement in the right hemisphere following damage to
the left

Ellen Boudreaux




(Daniel Tammett)

Synesthesia




ural Basis of Autism

* Genetic basis
» Siblings of the autistic have a 5% chance of being autistic
* 60% concordance rate for monozygotic twins

» Several genes interacting with the environment

* Brain damage tends to be widespread, but is most commonly
seen in the cerebellum



*Neural Basis for Autism

* Thalidomide — given early in pregnancy — increases chance of
autism

e Indicates neurodevelopmental error occurs within 15 few weeks of
pregnancy when motor neurons of the cranial nerves are developing

e Consistent with observed deficits in face, mouth, and eye control

* Anomalies in ear structure indicate damage occurs between 20 and
24 days after conception

* Evidence for a role of a gene on chromosome 7

Adapted from: http://www.vaccinetruth.org/thalidomide.htm



Adapted from Pinal,




Variety of abilities — like autistics
» Evidence for a role of chromosome 7
— as in autism
* Underdeveloped occipital and parietal
cortex, normal frontal and temporal
» “elfin” appearance — short, small
upturned noses, oval ears, broad mouths

EXCESS IN WILLIAMS

Same
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PWiIams Syndrome

* ~ 1 of every 20,000 births

* Mental retardation and an uneven pattern of abilities and
disabilities

* Sociable, empathetic, and talkative — exhibit language

skills, music skills and an enhanced ability to recognize
faces

* Profound impairments in spatial cognition
e Usually have heart disorders
associated with a mutation in
a gene on chromosome 7
— the gene (and others) are
absent in 95% of those
with Williams

Low nasal bridge
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Williams
Age 11;1
KBIT 70
(RA)

Williams
Age 111
KBIT 66
(BR)

Control
Age 629
KBIT 116
(L.C)
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Stages of embryonic development of

the zebrafish
the zvgote period the cleavage period
I - 2-cellstage (0.75h)  4-cell stage (1 h) 8-cell stage (1.25 h)

A ﬂ_min

age (1.5 h) ESZ—ce]l stage (1.75 h)




Stages of embryonic development of

the zebratish

19.5hr
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pre-breeding set up (1)
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pre-breeding set up (2)
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Microinjection operation (1)




Microinjection operation (2)
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Microinjection

B cross-sectional view of the injection set-upas an embryo is injected
mim

electrode glass
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e Fragile X syndrome (FXS) Is the most frequent
Inherited form of human mental retardation, with
approximately one in 4,000 males and one in 8,000
females affected (Turner et al., 1996, Garber et al., 2006)

fragile X chromosome

Chromosome karyotyping




BEHAVIOR

Learning disabilities

Attention deficit
Hyperactivity
Anxiety disorder

Aggressiveness



* There is an expanded trinucleotide repeat CGG in
the fmrl gene. (Huber et al., 2002)

* FMRP is involved in the regulation (repression) of
local protein synthesis at the synapse. (Bear et al., 2007)

KH1
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Typical Premutation Full mutation

(CGG)< 45 (CGG) 55-200 (CGG) > 200
P ——— ] 11} 134 = I ee—— S R~ (1]
mRNA unl.;on -_-- o = .aa:u.,;.nu —=u:|:m=;=una
L) =
FMRP g @8 ", X
b " 9
o Normal Primary ovarian insufficiency (POI),  Fragile X syndrome
Clln |Ca| fragile X-associated tremor ataxia due to lack of FMRP
syndrome (FXTAS) due to excess
mRNA

(adapted from Pediatric 123: 378-390, 2009)
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The amino acid sequence alignment of FMRP from
human, mouse, frog, zebrafish and fruit-fly revealed high
conservation at functional domains (shared 72% amino
acid identity with human) (van 't Padje et al., 2005)



Table 1: The Zebrafish Model for Drug Screening

Advantages

Small embryos are transparent, large number of offspring, short-
generation time

Inexpensive, easy handling, large-scale screen amenable

A vertebrate, in vivo system with combination of forward and
reverse genetics

Phenotype-based screening can be performed in wild-type,
mutant and promoter-driven reporter transgenic embryos

The screening is robust and high throughput

Relevance to human diseases, high degree of similarity to humans
in drug response



They won't bite



They won't pee on the floor (or your lab coat)



They won’t escape from the cage



AIMs

* To study behavioral deficits in Fmrl KO zebrafish.

* To determine the abnormity on telencephalic
synaptic plasticity in Fmrl KO zebrafish



‘Outline of experimental procedures

Electrophysiology

Genotyping

Behavioral test

Locomotor
activity

Dark/light Inhibitory
test avoidance
2 day
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Fmrl Knockout Zebrafish was generated by Rene” F. Ketting’s lab.
(den Broeder et al., 2008)



Genotyping and western blot anékli}giﬁé_dfifmrl
knockout zebrafish.

17 kDa— S -

We thank Dr. Rob Willemsen for the kind gift of zebrafish
FMR-1 antibody.



Outline of experimental procedures

Electrophysiology

Genotyping

2 day
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"Brain slices preparation

Recording

Stimulus







‘Extracellular recording

* Animals : zebrafish (3 to 4 months of age)
* Preparation of acute telencephalic slices

Low melting point : ‘ \
/ agarose gel
6 " |m
mold > QO %""

ﬁ — 95% O,/5% CO,

in RT at least 1 hr
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MED64:
multi-electrode recording system
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The field potentials evoked in the dorsal pallium by
stimulation of the lateral division (DI) of the pallium.
A B

57 58 59 60 61 62 63 64

(Ng et al., 2012a)



PS amplitude
(mV)
o
o

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
stimulation intensity ( pA)

(Ng et al., 2012a)



- Synaptic plasticity W

e L ong-term potentiation (LTP) and long-term
depression (LTD) of excitatory synaptic transmission,
are wide spread phenomena expressed at possibly
every excitatory synapse in the mammalian brain.

1. Low frequency stimulation

° LTP 2. Chemical application
¢ T ¢
o :
2 000900 - - - - - - - - - e®e0g0--------- Baseline
e f ®
® ‘.QQ..QC
1. High frequency stimulation O L'TD
2. Chemical application

Time



Reduced long-term potentiation (LTP)

Before HSF 1
After HSF 2

PS amplitude
(% of baseline)

250 1+

PS amplitude
(% of baseline)

100

N
[=]
(=]

o 150 -

B

KO

(Ng et al., 2013)



Enhanced long-term depression (LTD)

Wildtype zFmr1 KO
A Before HSF 1
After HSF 2
140 ~ .
o 120 - I *
£ T
gglo e 100 - I
%% 80 - §§ *
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O & 40 - :
Qe 401
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(Ng et al., 2013)



Outline of experimental procedures

Genotyping

Behavioral test

Dark/light Inhibitory
test avoidance
2 day

Locomotor
activity




ark/light

~ Evaluate the anxiolytic-like response in zebrafish

Vv

<

18 cm 18 cm

the fish were allowed to swim freely
between the two compartments without
sliding door for 5 min

Elevated plus maze
(for rodent)
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: tO ry avoidance

Electrode Door
| I, ———
=
Metallic
Deep Shallow
compartment compartment

(Ng et al., 2012b)



Inhibitory Avoidance Task
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Impaired avoidance learning in Fmrl KO zebrafishes
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(Ng et al., 2013)
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“Summary

» Electrophysiological recordings from telencephalic
slice preparations of Fmrl KO fishes showed
markedly reduced LTP and enhanced LTD.

* Fmrl KO fishes exhibit anxiolytic-like behavior,
Impaired avoidance learning, and hyperactivity.
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