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Part I. Animal models 1n neurobiology research
and genetic & molecular techniques 1n
neural circuits research

Sun Mengshi



I. Animal models in neurobiology research

‘1deal’ animal models:

A simple genome and short generation time;

Complex brain functions and behaviors to extrapolate findings more easily to humans;
Large and easily identifiable neurons.
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* Drosophila and C. elegans allow sophisticated genetic manipulations

In 1963, Sydney Brenner proposed research into C. elegans .
It is one of the simplest organisms with a nervous system .
In the wild: lives in the soil and eats bacteria.

In 2002, the Nobel Prize in Physiology or Medicine was awarded to Sydney
Brenner, H. Robert Horvitz, and John Sulston for their work on the genetics of
organ development and programmed cell death in C. elegans.

The 2006 Nobel Prize in Physiology or Medicine was awarded to Andrew
Fire and Craig C. Mello for their discovery of RNA interference in C. elegans.

In 2008, Martin Chalfie shared a Nobel Prize in Chemistry for his work on green
| . fluorescent protein
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« Some invertebrates provide large, identifiable neurons for electrophysiological
Investigations
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* New tools, new insights — probing social behavior in ants

orco Mutagenesis Causes Loss of Antennal Lobe Glomeruli and
Impaired Social Behavior in Ants

- Waring Trible, Leonora Olivos-Cisneros, Sean K. McKenzie, Jonathan Saragosti, Ni-

... Chen Chang, Benjamin J. Matthews, Peter R. Oxley, Daniel J.C. Kronauer

Cell, Vol. 170, Issue 4, p727-735.e10
Published in issue: August 10, 2017

Open Archive
In Brief | Full-Text HTML | PDF

-~ An Engineered orco Mutation Produces Aberrant Social Behavior and
~ Defective Neural Development in Ants

Hua Yan, Comzit Opachaloemphan, Giacomo Mancini, Huan Yang, Matthew Gallitto,
Jakub Mlejnek, Alexandra Leibholz, Kevin Haight, and others

- Cell, Vol. 170, Issue 4, p736—-747.e9

Published in issue: August 10, 2017
Open Archive

In Brief | Full-Text HTML | PDF

The Neuropeptide Corazonin Controls Social Behavior and Caste
Identity in Ants

Janko Gospocic, Emily J. Shields, Karl M. Glastad, Yanping Lin, Clint A. Penick, Hua
Yan, Alexander S. Mikheyev, Timothy A. Linksvayer, and others

Cell, Vol. 170, Issue 4, p748-759.e12
Published in issue: August 10, 2017

Open Archive
In Brief | Full-Text HTML | PDF
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 Diverse vertebrate animals offer technical ease or special faculties

The use of zebrafish (Danio rerio) as a model organism began in
the 1960s.

Its embryonic development is very rapid, and its embryos are nearly
transparent;

As a vertebrate, the zebrafish has the same major organs and
tissues as humans.

Zebrafish have the ability to regenerate their heart, hair cells,
photoreceptor cells and retinal neurons.

midbrain
hindbrain spinal cord eye hindbrain

il 11T S .:.« “::f'

l’!qx o AT

- y“'.“ "47/'4!‘

B,/ ﬁ 2 3
CZﬁC agmg, ﬁx*"“ m—-a—-aa-mmmm

2R 20181102
ESN 1R TIANMRITHNRARAS 20180228

CIRCARRI AN TE 20170219

NERLAREN
BEMEAREY

CIRCATHMRSENELY 20170208

REESRMBSOXTLH-RRAMASHMALRY 20161200 eye f(l)rebfain

e 250 pum 250 um
http://www.zfish.cn/ zebrafish larvae



Barn owls: to study audition because of their superb ability to locate
sounds

Figure 1-5 Barn owls use their auditory
system to locate prey in complete
darkness. The image was constructed by
superimposing a series of photographs
taken with an infrared camera. (Courtesy
of Masakazu Konishi.)



* Mice, rats, and nonhuman primates are important models for mammalian
neurobioloqgy research

iDve Journal of Visualized Experiments
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* Mice, rats, and nonhuman primates are important models for mammalian

neurobiology research PARALYSED PRIMATES WALK
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II. genetic & molecular techniques
To disrupt the function of an individual gene—Iloss-of-function mutation

FORWARD GENETICS REVERSE GENETICS

nucleus cell

chromosomes

screen for altered traits after mutagenesis disrupt known DNA sequence
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Principles of neurobiology, 2015



ex. Drosophila fruitless gene (derived from X-ray
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R t * - Reverse
* everse genetcs genetics
g f\ \

Test the function
of essential

developmental
Genome/exome genes
sequence data

The reverse approach became much more common only after the D. melanogaster
genome was sequenced.
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homologous recombination

£
2 a
B g 5
£S @ &
LS i X ‘i e ! white* LLI
q|f v
Homology to target gene l FLP + I-Scel

<

tar get

l
¢

while* 1Xrget
:-—ﬂi:h

l I-Crel

l ar g ol white*

tXrgel target
—:h— —

Transgenic donor

Goneration of
excised donor

Excised donor
and remnant

S
recombination
with larget

Duplcation

Reduction

Reduced aleles
{mutant or wild-type)

-

Ends-in method generates a duplication
of the target locus

Maggert, K. et al. 2008

dsx

Wi

OAL4

donor

dsx’




» zinc-finger nuclease (ZFN) and the transcription activator-like effector nuclease (TALEN), CRISPR/Cas9
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the integrase swappable in vivo targeting element (InSITE) system
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To misexpress the gene of interest at different levels or with different spatiotemporal patterns—gain-of-function

Binary expression systems: GAL4/UAS, LexA/LexAop and QF/QUAS systems.

Ternary expression systems: GALS80, QS, split GAL4 and split LexA.

frudta female &

Flp-out: flipase (Flp) and its recognition target sequence (FRT)

. . Quaternary expression system: Killer Zipper (KZip+), a suppressor of split Gal4
misexpress fruM in female

Sivanantharajah, L. and Zhang, B. 2015.

Demir, E. and Dickson, B. 2005
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The mosaic analysis with a repressible cell marker (MARCM) technique

Genetic mosaics are individuals composed of cells with at

least two different genotypes. c M S ([
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Multicolor system: Drosophila Brainbow , Flybow
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Ways to determine gene expression patterns

proteins:
* Immunostaining
« western blot

MRNA:
* in situ hybridization
* northern blot
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Part Il. The way of Recording neuronal activity.

Zhao Huan



* Neuronal activity:

— Firing of neurons

— Synaptic connections
between neurons

— Electrophysiological methods

— Optical imaging GCamp

— Electrophysiological methods

— Anatomical methods

~activity-dependent Calcium imaging



(A} extracellular recording (B) intracellular recording

Firing of neurons

* individual neuron

Extracellular recording

* synaptic input and firing >
patterns / -

Intracellular and whole-cell patch \L

cellattached whole-cell
recording recording

. s

2 mm Neuroscience. 3rd edition




Genetically encoded voltage indicator (GEVI)

m Voltage-sensing domain
Voltage ﬁ n Opsin
indicator

' basedon
' opsinFRET




* Activity-Dependent Methods

CaMPARI

CalLexA, TRIC

Neuroscience. 3rd edition



Activity of many neurons simultaneously-- Optical imaging GCamp

Integrated
microscope

/ Base plate

Microendoscope / Dorsal

Y A p -
; N
24 "I‘

Rostral

Digital data
to computer 4%

GCaMP3-
expressing
CA1 neurons

40Hz 20Hz 10Hz

Cell number

Xiaomin Xing et al. eNeuro.2018 Wenjing Wang et al. Nature Chemical Biology.2015



Comparison of electrophysiological and optical imaging methods for recording neuronal activity

Electrophysiology
Property Extracellular recording  Intracellular recording Optical imaging with Ca2* indicatorst
Sensitivity to electrical signal spikes spikes and sub-threshold generally less sensitive?
activity
Spatial resolution cellular to network cellular to subcellular3 cellular and subcellular
Temporal resolution <1 millisecond <1 millisecond 10s to 100s of milliseconds for a
single imaging plane
Number of neurons recorded up to hundreds at most a few thousands or more
simultaneously
Stability during movement good poor poor
Depth of recording any depth easier superficially limited*
Duration of recording days to weeks 10s of minutes hours with chemical indicators; months
with protein indicators
Cell-type-specific recording poor good excellent with protein indicators
Biases active neurons; large cells cells that take up or express the
dominant cell types indicators well

Neuroscience. 3rd edition



Synaptic connections between neurons

electrophysiological
methods
> anatomical methods

.activ.ity-dependent Calcium CaMPARI. CaLexA.
imaging >

EM, GRASP, Trans-
Tango, TRACT

Synaptic
connections




Synaptic connections between neurons

e physiological methods o Awidely used method for CRACM
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Synaptic connections between neurons

« anatomical method

The most reliable anatomical
method to determine whether or not
two neurons form synaptic
connections is EM(electron
microscopy).

Neuroscience. 3rd edition



 GRASP uses complementary split-GFP fragments (sp-GFP1-10 and
sp-GFP11) expressed on the extracellular membranes of different
neurons to reconstitute a functional fluorescent GFP reporter at the
points of contact.
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e trans-synaptic tracing: rabies virus and herpes simplex virus spread
within the nervous systems of their hosts naturally by crossing

Synapses.
N 4 o eg
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mutant rabies
virus

Tva gene

rabies
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mutant rabies
virus

rabies
glvcoprotein
starter cell
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A Presynaptic Neuron Synapse Postsynaptic Neuron
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« TRACT: ligand-induced intramembrane proteolysis to reveal

monosynaptic connections arising from genetically labeled neurons of
Interest
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* pH sensors and neurotransmitter sensors

Depolarization
Glutamate <>
Gt
cpGFP
synapto-pHiuorin Synapto-pHluorin
fluorescence quenched fluorescence activated
inside the synaptic vesicle during neurotransmitter release

Q

Synaptic vesicle @ Synapto-pHiuorin El Neurotransmitters :ﬁf Wenjing Wang et al. Nature Chemical B|O|09y2015



« GPCR-activation-based-DA

(GRABg,) sensors are
genetically encoded
dopamine (DA) sensors
based on GPCR

GRAB,, Sensors
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* Activity-Dependent Methods

CaMPARI

CalLexA, TRIC

Neuroscience. 3rd edition



g / CaMPARI: The genetically encoded

,d\ e = fluorescent calcium integrator
PC ight, 405 m ) calcium-modulated photoactivatable
‘D ‘:D . .
P A ratiometric integrator

Benjiamin F. et al. Science.2015

A
1 stim trial (10-50 PSPs)
10 mV conversion light CL +sti
! > stim
before 200 ms (2-6s, ~40 mW/cm?2)

puis: % R0l ! A 0.037 ~2000 PSPs
current pulses

Timothy A.Zolnik et al. The Journal Of Physiology.2016



CalLexA
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C Dark Ambient light Moving gratings Full-field flicker
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Part 111. Manipulating neuronal activity and
behavioral analyses

Chen Jie



Manipulating neuronal activity

Inactivation of neurons

»Lesion
Ablate using a high-intensity laser

» Genetic approaches
Tetanus toxin
Kir2.1
Shibire protein(inactivate target neurons transiently)

»Chemogenetic approaches
DREADD
PSEM



Inactivation of neurons

»Lesion
Ablate using a high-intensity laser

o »

MAN Tesion

L}
>\'<

RN pre-lesion RN lesion

Allan-Hermann Pool et al. Neuron.2014



Inactivation of neurons
» Genetic approaches
Tetanus toxin

Shibire protein(inactivate target neurons transiently)
Kir2.1

Reaper



Tetanus toxin

A heavy chain

/ binds to dissialogangliosides (GD2 and GD1b) on the neuronal membrane and
contains a translocation domain which aids the movement of the protein across

Tetanus toxin that membrane and into the neuron

A light chain
1.present in the cytosol
2.can cleave synaptobrevin (an intrinsic membrane protein localized on synaptic vesicles)

1995

Sweeney et al.,

\4

TeTxLC
(Such as UAS-TNT)



Shibire protein (inactivate target neurons transiently)

IS essential for synaptic vesicle recycling

Shibire = encodes the protein dynamin
van der Bliek and Meyerowitz,

« A powerful tool to inactivate target neurons transiently
« Using the GAL4/UAS system (Brand and Perrimon, 1993)

(Such as UAS-Shits)



Kir2.1

Synaptic activity was blocked TeTXLC or shibire protein.

But how about the electrical phenotype of these neurons?

They are abnormal

1. is potassium channel

2. hyperpolarizes neurons, thereby efficiently blocking action
potential generation

3. s electrical silencing

4. can block neuronal activity regardless of the synapse type

] Baines et al., 2001
Kir2.1 >

(UAS-Kir2.1)



Reaper

Aarss | Cell Killing by the Drosophila Gene reaper

Kristin White, Elvan Tahaoglu, Hermann Steller

The reaper gene (rpr) is important for the activation of apoptosis in Drosophila

( Such as UAS-rpr ) White et al. Science.1996



Inactivation of neurons
»Chemogenetic approaches

DREADD
(for designer receptors exclusively activated by a designer drug)
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Manipulating neuronal activity

Activation of neurons

Electrical stimulation

A temperature-gated TrpAl channel

A mammalian ATP-gated P2X2 channel
Optogenetics

Chemogenetic approaches



Activation of neurons

Electrical stimulation

Luigi Galvani
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Neuroscience. 3rd edition



Activation of neurons

A temperature-gated TrpAl channel

Trp: Transient receptor potential (TRP) family (thermos TRPS)

Vol 454(10 July 2008 |d0i:10.1038/nature07001

namre

An internal thermal sensor controlling temperature
preference in Drosophila
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( Such as UAS-TrpA1 )

== WT (n = 44)
dTrpA1ins (n = 9)
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Turning heat into depolarization



Activation of neurons

A mam mal ian ATP_gated P2X2 Chann6| Cell, Vol. 121, 144152, April 8, 2005, Copyright 2005 by Elsevier Inc. DOI 1(

Remote Control of Behavior
through Genetically Targeted
Photostimulation of Neurons

Susana Q. Lima and Gero Miesenbock* i

(A) + P2X, transgene — P2X, transgene (B) cage
compound
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Neuroscience. 3rd edition
( Such as UAS-P2X2 )



Activation of neurons

Optogenetics
(C)
(A) blue light (B) _ optical fiber
E yellow light | cannula
K* p —_—
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ChR2:Chlamydomonas reinhardtii Channelrhodopsin-2
NpHR: Natronomonas pharaonis halorhodopsin

_ Neuroscience. 3rd edition
( Such as UAS-Chrimson )



Behavioral analyses

Three purposes

Behavioral analyses aim to explain the behavior itself < _

Behavioral analyses are used as quantitative assays for the
functions of brain regions, circuits, and neurons in specific
neurobiological processes being investigated ~_

(such as sensory perception or learning and memory) _

Behavioral analyses are used to test the effects of manipulating
specific genes or to assess animal models of human brain
disorders




 Behavioral analyses aim to explain the behavior itself

Honeybee foraging behavior
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Neuroscience. 3rd edition



« Behavioral analyses are used as quantitative assays for the functions of brain regions,
circuits, and neurons

« Behavioral analyses are used to test the effects of manipulating specific genes or to assess
animal models of human brain disorders

top-down

animal behavior
circuits/systems

synapses,/neurons

genes/proteins

bottom-up

Neuroscience. 3rd edition



Some new ways of behavioral analyses



Individual and social behaviors

High-throughput ethomics in large groups
of Drosophila

Kristin Branson!, Alice A Robie!, John Bender?, Pietro Perona! & Michael H Dickinson
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https://dickinsonlab.caltech.edu/techniques/

2009

Automated Monitoring and Analysis of Social Behaviorin @ " D kG G bR O Cai
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https://www.nature.com/articles/nmeth.1310

2017

Cell

Mapping the Neural Substrates of Behavior

Videos of behavioral effects of Microscopy images of
neural activation expression patterns
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2018

Cell Reports

Tools for Rapid High-Resolution Behavioral
Phenotyping of Automatically Isolated Drosophila

FlyGate FlyDetect GlobeDisplay
A Recording platform B = g D
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