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C. elegans neurobiology

* The C. elegans nervous system is simple and well described
* It consists of 302 neurons interconnected by chemical and electrical (gap junctions)
synapses
» The position and the characteristic of each neuron does not vary from animal to
animal which makes it a very good model organism for studying neuronal processes
« Even though the neuronal system is simple, it regulates a wide variety of behaviors:
- different mechanosensory responses (light, harsh, nose and texture touch)
. (e.g., can differentiate various types of alcohols)
 thermotaxis (can detect < 0.1°C)
« complex responses to food with habituation and learning
* locomotion (complex moving behavior)
. and
« complex male mating behavior
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Compared to Drosophila, there are more neuronal protein coding genes in C. elegans

Drosophila C. elegans Drosophila C. elegans
Protein Family Homologs Homelogs Protein Family Homologs Homelogs
Voltage-gated Chloride channels 3 6
sodium channels CNG channels 4 B
o subunit 2 0 Hyperpolarization
B subunit 0 0 Hapcth.?ated n:ham;els 1 1]
TipE 2 1]
Voltage-gated lonotropic
. glutamate receptors
calcium channels
a subunit 4 5 AMPA subtype 3 3
. kainate subtype 15 4
B subunit 1 2
: NMDA subtype 2 2
2% subunit 3 3
subunit s 0 8 subtype 4 4
v : divergent = 2
Potassium channels nACh receptors 10 42
K, o subunit 5 10 :
K. & subunit 1 0 GABA,/glycine receptors 10 37
KCNQ o subunit 1 3 Trp-like channels 13 11
MinK B subunit 0 1) . .
EAC o subunit 3 2 .ﬂLH1I|DFIIdE-5E.'I‘|5ItIU'E:
MiRP1 & subunit 0 0 sodium channels 24 22
slo o subunit 1 2 Ryanodine receptor 1 1
slo B subunit 0 1]
slack o subunit 1 2 IP; receptor 1 1
5K o subunit 1 4 Innexins 8 24
K, o subunit 3 3
TWIK bunit 11 50
o SHbHT Total 145 251

Littleton and Ganetzky, 2000, Neuron



Basic features of the nervous system

nerve ring ; - neuronal marker
: ' (UNC-104:.GFP)
expressed in C. elegans
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Basic features of the nervous system

Neurons are paired
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Basic features of the nervous system

Neurons are paired
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Basic features of the nervous system: Neuron bundles
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Basic features of the nervous system: Commissures

« Some ventrally located motor neurons make commissures to the dorsal nerve cord
* Interestingly, most commissures are located on the right side of the worm
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Basic features of the nervous system
RIGHT TRACTS

dorsal sublateral
ALMR, ALNR

vantral sublateral

LEFT TRACTS

canal-associated

FLML, PLNL

sublateral vulva



Basic features of the nervous system

-
All motor neuron cell bodies are located in the ventral cord " g -
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Head neurons
Head sensory neurites are dendrites Nerve ring
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MERVE RING

‘TABLE OF FUNCTIONS OF AMPHID NEURONS

INEURON TYPE [FUNCTION | A
ADF (Chemosensory (taste) |Chemotaxis to Na+,CkcAMP, biotin. | 5:3\ e
ADL Chemosensory (taste) |Avoidance from Cd2+ and Cu2+ , and P
Odorsensory (olfaction) |avoidance from volatile chemical, octanol.
AFD Thermosensory Thermosensory behavior.
Chemotaxs to Na+(mainly ASEL), K+
ASE Chemosensory (taste)  |(Mainly ASER), Cl- (Mainly ASER),
cAMP, biotin and lysine.
Chemotaxis to Na+, Cl-, cAMP, biotin )
ASG Chemosensory (taste) and lysine. Dauer entry. l*” ,
A0L [ampuin S
Avoidance from Cd2+ and Cu2+ and :Ef.' Anipi g2 i | AL
Chemosensory (taste) o atije repellent chemical, 1-octanol. A3k FEMEIASRE f W
ASH Osmosensory Osmotic avoidance. \ e
Mechanosensory Nose-touch response. 1
Chemotaxs to Na+, Cl-, cAMP, biotin
ASl Chemosensory (taste) and lysine. Dauer entry. e
ADF
Frobably chemosensory
ASJ D i
(taste) auer recovery | i I:SJI % AMPHID
ASK ‘Chemosensory (taste) |Chemotaxis to lysine | ASG |PROCESS
: Chemotaxs to diacetyl, pyrazine, ASH
AWA Odorsensory (olfaction) trimethylthiazole AS BUNDLES
AWB ‘Odorsensory (offaction) |Avoidance from 2-nonanone, 1-octanol | AS}
Chemotaxis to benzaldehyde butanone, ASK
AWC Odorsensory (olfaction) |iIsoamylalcohol, 2,3 pentanedione and AUA
2.4 5 trimethylthiazole i




Head neurons

* The nerve ring contains mostly sensory neurons and almost all interneurons
* It is the “brain” of the worm

* Dendrites in C. elegans are
usually unbranched

» They receive inputs along their
length (without terminations)

Labial process
bundles

Amphid process
bundles

Ring ganglia

UNC-104:: GFP



Head neurons

Retrovesicular

ganglion
UNC-104:: GFP
Motor Neuron
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Body wall muscle Posterior head
(DL quadrant) Front head Middle head Dorsal ganglion

(L) Lateral ganglion

Amphid
nerve

Labial
nerve

UNC-104:: GFP



Only two neurons are essential

» Many neurons of the nervous system not essential to survive and reproduce
* Thus, even severe mutations affecting the nervous system can be used for research
» Only two neurons are essential for survival: CAN and M4

CANL * Process runs along excretory canal
* No synapses seen
* Neuron with unknown function

* Pharyngeal motor neuron
 Essential for feeding in wild-type worms -
* Worms lacking M4 continue pumping, however, bacteria become trapped in the pre-
bulb, therefore, worms fail to grow




Synapses
A synapse in most higher animals is composed of a pre-synapse (vesicle fusion), a synaptic cleft
(neurotransmltter dn‘fusmn) and a post- synapse (contalnlng receptors)

£~ | «Active zone is an

. electron-dense area
where vesicle fusion and
neurotransmitter release
occurs
* In C. elegans EM
micrographs reveal only
weak postsynaptic
densities (difficult to
study PSD proteins)
* Presynaptic densities,
however, are clearly
visible

‘ *contain neuropeptides



Features of the nervous system

en passant synapses are

thickenings of the axon with
presynaptic specialization

SNB-1:: GFP




Features of the nervous system
Neurons can be categorized in: interneurons, sensory neurons and motorneurons

interneuron

sensory neuron

f_

motorneuron

excretory pore

DA3



Sensory neurons

 Located primarily in the head and sending dendrites to the tip of the nose

 Either chemosensory or mechanosensory

* 12 chemosensory neurons are bundled into each amphid sensilla at the nose

* Endings of mechanosensory neurons are scattered throughout the body

* One thermosensory neuron named AFD exist

« Some sensory neurons are still of speculative function: AQR and PQR send sensory
neurons into the pseudocoelomic fluid (C. elegans “blood”) probably reporting the
composition of the fluid to the nervous system

"
. Amphid neuron

Odorsensory (olfactory)

C. elegans is now widely used
to study “smell” and “taste”



Sensory neurons

Chemotaxis behavior Thermotaxis behavior

Traces of a worm which was allowed  Traces of a worm in a radial thermal
to freely move within one hour on a gradient

plate with an attractant (B = biotin) « Chooses an optimal temperature
(right circle = buffer) (similar to its cultivation temperature)

 Circles in isotherms at that temp.
» Can detect thermal gradients < 0.1°C



Cilia morphology of the sensory neurons that terminate in the lips

)
- B ]
ASJ ASK ADL _ BAG

ADF ASG _ASH ASI

AFD ASE
Neuron AS| ADF \
Signal ] ) - Water-soluble Water-soluble OLL: Touch (putative)
sensed Volatile odorants Volatile odorants Volatile odorants Temperature chemicals, dauer chemicals, dauer Oxygen Touch (nose) IL2: Chemosensory Surface texture
pheromone pheromone (putative)
Target interneurons AlZ AlZ AlY, AIB, AIA AlY AlA, AIB, AlY, AlZ RIA, AIZ, AUA, SMB RIA, RIB, RIG AVA, AVB, AVD, AVE OLL: AVE, RIB AVE, RIC, RIB, RIH
IL2: RIA, RIP
Seeking cultivation Attraction, Attraction, Slowing on
Response Attraction Avoidance Attraction temperature dauer entry dauer entry Aerotaxis Avoidance encountering food

©WormAtlas

(a)

1 Axoneme
A | Plasma

Transitional
zone

Basal body




Cilia morphology of the sensory neurons that
terminate in the lips

ASE

Neuron AWA AWC AFD
Signal . . . Water-soluble
sensed Volatile odorants Volatile odorants Volatile odorants Temperature chemicals, dauer
pheromone
Target interneurons AlZ AlZ AlY, AIB, AIA AlY AlA, AIB, AlY, AlZ
Seeking cultivation Attraction,

Response Attraction Avoidance Attraction temperature dauer entry



Cilia morphology of the sensory neurons that terminate in the lips

ASJ ASK ADL

ADF

Water-soluble
chemicals, dauer
pheromone

RIA, AlZ, AUA, SMB

Attraction,
dauer entry

RIA, RIB, RIG

Aerotaxis

OLL: Touch (putative)
IL2: Chemosensory
(putative)

Touch (nose) Surface texture

OLL: AVE, RIB
IL2: RIA, RIP

AVA, AVB, AVD, AVE AVE, RIC, RIB, RIH
Slowing on

Avoidance encountering food



Motor neurons

* Innervate body-wall, pharyngeal, egg-laying and defecation muscles
« Some ventral motor neurons send processes to the dorsal cord via commissures
* Most of the commissures travel along the right side of the animal
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Motor circuits

» To complete the sinusoidal locomotion, body-wall muscles receive excitatory
and inhibitory motor neuron input at the same time (cross inhibitory motor circuit)
* Excitatory neurons on one side also excite inhibitory

motor neurons on the opposite side of the body (resulting in body bending)

. Coordination ,
Forward locomotion | of front and | Reverse locomotion

D = dorsal | back
V = ventral | movements

Red = GABAergic l I
Green = Cholinergic ’ \ |
| l

NMJs =
/ neuromuscular
junctions

Fr—v:]ALL cell bodies in
/ N
4

ventral cord

>

|
(the processes of B-type neuron7 | | ! \(the processes of A-type
are posteriorly directed) i | neurons are anteriorly directed)
i ( I
- | l
| I

VU W —




Motor circuits

» Cholinergic excitatory B-type neurons (VB and DB) control forward locomotion
» Cholinergic excitatory A-type neurons (VA and DA) control backward locomotion
» GABAergic inhibitory D-type neurons coordinate forward and backward motions
» A- and B-type neurons receive excitatory and inhibitory inputs from

(chemical and gap-junctions)

, Coordination _
Forward locomotion | of front and I Reverse locomotion

| back
| movements

:LE )

Y —

‘ ‘ |
| | | Note that A- and B-type neurons can be
i | located anywhere along the ventral cord
i ( |
| |
| I



Organization of ventral cord motor neurons

Ventral A- and B-type: NMJs in the ventral nerve cord

_VVW—@)—
o Te

Dorsal A- and B-type: NMJs in the dorsal nerve cord (make commissures)

Cell bodies of motor neurons
are always located in the
ventral nerve cord
wd DA DB
Y gl

Ventral D-type ( ): receives Dorsal D-type ( ) looks similar
inputs dorsally WYYy to DA or DB




Motor circuits

C. elegans neurotransmitters and their neuronal distributions:

Transmitter Cells

Acetylcholine (ACh) ALN, AS, DA, DB, HSN, IL2, M1, M2, M4, M5, MC, PLN, RIM, RMD,
SAA, SAB, SDQ, SIA, SIB, SMB, SMD, URA, URB, VA, VB, VC, CA

(male)
Dopamine (DA) ADE, CEP, PDE, plus male R5A, R7A, R9A
GABA AVL, DD, DVB, RIS, RME, VD
Glutamate (GLU) ALM, ASH, M3, PLM, probably many others
Octopamine Unknown

Serotonin (5-HT) ADF, HSN, NSM, RIG, RIH, VC4, VC5, plus male CA, CP, R1A/B,
R3A/B, and R9A/B

FMRFamide-related AlIA, AIM or AlY, ALA, AVA or AVE, AVK, DVB, HSN, IL1, 14, M1, OLL,
PQR, PVT, RID, RIG, RMG, URB, VC, uv1 (non-neuronal)?

FMRFamide-related = neuropetides (neuroendocrine peptides)
Glutamate receptors = AMPA and NMDA



Command Motor circuits
interneurons

« Command interneurons
in the head and tail send
processes into the ventral
nerve cord

* They then make synapses
to motor neurons (red and
blue = two sets of command
vS. motor neurons)

= Motor
neurons

GFP driven by the unc-47
promoter specifically labels the
GABA circuit (VD, DD, AVB)

i Some command interneurons
B P e marked with the nmr-1::GFP
' reporter




Motor circuit hierarchy

A sensory neurons T -
@ interneurons Tail e
Head @® command interneurons

- O motor neurons
\\ﬁ\ Major elements of the neuronal circuits
. ’\,\.\\ in mechanosensory, chemosensory and

N <) thermosensory behaviors

Nerve Ring

Sensory neurons
(environmental input)

Head interneurons
(signal integration)

Command interneurons
(do excite or inhibit motor neurons)

Pool of B- or A-type motor neurons

(do excite or inhibit muscles)

Backward >



(@) Backward movement (b) Interneuronal

motor circuit or humoral regulation M OtO r CI r'cu |tS

int / N\
B D—@ motor neuron
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umi || vm2
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2] [om

Egg-laying circuit
ventral body-| |dorsal body-
wall muscle | |wall muscle
(c) Defection) ar;t:;:::r (d) Pharyngeal motor circuit
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Neuronal plasticity

» A-type neurons control backward, B-type neurons control forward movements

* In unc-4 mutants the VA motor neuron receives input from a wrong command
interneuron

 As a result the worm cannot move backward

Wildtype unc-4

Motor
neuron

Command
interneuron _




Neuronal plasticity

* Transcriptional repressors define neuron identity and axonal trajectory

 vab-7 negatively regulates unc-4 to prevent DB motor neurons from projecting
anterior

Nematode

Anterior Posterior

vab-7 — unc-4

Anterior

vab-7 (-)



* In flies, dorsal motor neurons adopt a ventral trajectory when dHB9/islet is not
repressed in eve mutants

* In mouse, Evx1 represses Enl to maintain the contralateral axonal trajectory of
VO interneurons in the spinal cord

Nematode Fly Mouse
I Dorsal |
' ' VO V1
Anterior Posterior I I
I Ventral l
I |
‘ I | I
¥ DB I | Contralateral Ipsilateral
| ’ !
vab-7 —{ unc-4 | eve g’;‘;g | Evx1— Ent
| I
I |
Anterior | |
I |
I I
I I Ipsilateral Ipsilateral
I I
vab-7 (-) | | Evx1 (-)
I I




Home Get Started Get Involved Downloads

y A b
g

NeuroML Connectome 7
Every neuron the worm has, and how they connect. \7\
Everything in its right place. Now we are bringing it to life-~+ &

Explore the connectome

) Star | 564 (I3 ke SERTR [ —. > 490 followers G| 47k

Enter the worm.

OpenWorm: creating a
virtual C. elegans in a
computer

http://www.openworm.org/ .



Everybody can do “online experiments” and tinker with the worm now

1035049 dHNYOMINIGOFASILYN0D




A LEGO robot emulates the worm's biological wiring

p—
. — -

Scientists Upload Worm's Mind-Into'a Lego
Robot - YouTube

—0O

00:00:05

) =

https://www.youtube.com/watch?v=2_i1NKPzbjM

The aim is to recreate the behavior
of C. elegans in a machine.

A software that is modeled based
on the worm'’s neuronal network
controlled a Lego robot

The machine's sensors, without
any prior programming, made
the robot behave in a similar
fashion to C. elegans, approaching
and backing away from obstacles
or stimulated by food.

The worm's nose neurons are
replaced by a sonar sensor and
the

control the left and right motors
of the Lego bot




The project shows that artificial -
intelligence (Al) may become |

real soon modeling the human
brain in a machine




Mechanosensing

Quelle: Weser-Ems-Halle




Avoidance reflex circuits
Mechanosensory neurons can sense different strength of touch:

nose touch, noxious
chemicals

s

nose
touch \>
LENERE

gentle touch

anterior

e

gentle touch
posterior

s

eyelash touch

harsh touch

I
S

posterior

“Mec response’:

« touching the anterior
side of the body results
in a backward movement
» touching the posterior
side results in a forward
movement

A A\
backward forward
movement movement




Neurons that sense the 4 different types of touches
A Gentle touch (eyelash) mechanosensory neurons

ALML
=/ T N PVMS PLM>_

Harsh touch mechanosensory neurons

Nose touch and
osmolarity sensors

CEPDL Texture sensing neurons

@EL PDEL) - >

CEPVL o




AVM

JALML

& | AVM

synaptic branch

 Located just beneath the cuticle (C)

» Surrounded by a specialized
extracellular matrix (M, mantel)
 Contain microtubules (MT) made up of
15 protofilaments (“microtubule cells”)

(C = cuticle, D = process anchors, H = hypodermis)

PVM

Touch receptors

» Touch receptors are
unciliated. They make
synaptic branches to
interneurons

 Touch is sensed
through indentation of
the cuticle




Touch receptors

Touch neurons connect to interneurons via a single synaptic branch




Model of mechano-
reception

extracellular
matrix

mantle

* Mantle proteins include the
flexible MEC-5 collagen

* It also contains MEC-2 which
tethers 15 protofilament

MTs via a spring-like element
to the channel

bilayer

cytoplasm

» Gentle touch via an eyelash
deflects the cuticle resulting in
 defiect conformational changes that
deflectionin mantle | onens the channel
» Gating could be also initiated
by a deflection of the
microtubules (MEC-5 then
serves to maintain tension)

extracellular
matrix

cytoplasm




Touch receptors
touch stimulus

/

B_Jr 1
Pppretamn

|5pA

100 ms

'current response when
| touch starts and stops

anti-MEC-2 staining => touch receptors are visualized all along the neurite



Learning and memory




Habituation (non-associative learning)
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 Tapping at the side of the petri dish
stimulates backing response

» Backing movement decreases if
stimulus is continuously applied (every
10 seconds for total 30 minutes)

Habituation occurrence can
be stored for more than
1 hour in the nervous system

B 60 SECOND ISl
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« If stimulus is applied less often (every
60 seconds) decrease of backing
response is less abrupt (indicating
habituation and not worm fatigue)

* Also habituation can be rapidly
abolished with an electroshock stimulus

(dishabituation)
* Further, worms recover from short-
interval habituation faster compared to

long-interval habituation



Classical conditioning (associative learning)

* Non-associative learning (habituation): an animal alters its behavior to a single
stimulus

» Associative learning: an animal learns to use a previously neutral stimulus to
predict a second stimulus (usually a more significant one)

« Example: after food deprivation, one ion is associated with food and the second
ion is associated with the absence of food => a conditioned animal will move to
the ion associated with food (even if no food is present)

*Irn-1 and Irn-2 (Irn = learn) are genes involved in learning

Worms go to Na*

Na* +  food* Cl- + ,no food* (short incubation

= = on Na* and CI)

Q Q

[7)] (7))
5 hours § E N2
starva- -'— —
tion -

irn-2

e.g. Na* on E. col e.g. Cl-on e.g. Na* and CI-
[seeded plates plain plates on|plain plates
1 hour (no E. cof) (no E. cof)

1 hour



Male mating behavior




Male mating behavior of RESPONSE TO CONTACT (rays)
Male halts forward locomotion, presses

. tail (ventral side) against hermaphrodite,
Tal swims backwards in search of the vulva.

Press tail
Back-up ™\ Repeated
until vulva
is detected
Turn

TURNING (rays)

If the male reaches the end
without detecting the vulva,
a tight turn is executed and
searching continues along

the other side.

-

A
VULVAL LOCATION
If the male detects the vulva
SPICULE INSERTION (hook, PCS), he commences a slow
SPERM TRANSFER search of the area, prodding
The male inserts spicules for the slit with his spicules.

fully into the vulva,
locking himself to the
hermaphrodite and
ejaculates



Male specific sensory neurons

» The copulatory apparatus at the mail tail is composed of a fan, sensory rays and
spicules

» The fan at the male-tail is a lateral extension of the cuticle

» The fan holds nine bilateral pairs of sensory rays

o
pase Y o O

Spicules

~Fan
g

ot ¢ \ Sensory
ona - / ANus rays
(containing
sperm)

Proctodeum




Male specific sensory neurons

» Rays are required for the male mating behavior:
*rays 1, 5 and 7 are required for initial contact response upon encountering the
hermaphrodite
* rays 7-9 are required for turning
» Each ray contains two sensory neurons (RnA, RnB) which are surrounded by a
single tube-like cell (Rnst = ray structural cell)
* All rays (except ray 6) are opened to the environment at their tip

MaleEpiFIG11A: MALE SENSORY RAYS LllRE MaleEpiFIG11B («)"F

f”mt-away view of Ray 3
Cuticle

opening

(ventral) Ray 3
opening

VENTRAL view margin



Male specific sensory neurons

* On the ventral surface of the tail are the hook and the postcloacal sensilla (PCS)
* Hook and PCS are located on either side of the cloaca (male anus)
» A chamber sits in front of the cloaca named proctodeum (the male rectum) housing
spike-like spicules (Spl)
» Spicules are sensilla covered in a hard, sclerotic cuticle
MaleFIG1D

ADULTG”
Tail, ventral

h

PCS, PostCloacal Sensilla;
Spl, Spicules; % Ray opening



Spicules

(protruding through cloaca)

Each spicules contain
two sensory neurons
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Thermosensory neurons

Hawaiian strain CB4856
(lots of single nucleotide polymorphisms)



Thermosensory neurons

* A single amphid sensory neuron, AFD is required for isothermal tracking and
normal temperature preference

* The AFD neuron is NOT opened to the environment and has 40 finger-like
microvilli and ONE cilia

Ciliated dendrites can be
stained with fluorescent
dyes FITC, Dil or DIiO




Thermosensory neurons

» Thermotaxis results from activities of mainly
two amphid interneurons:
« AlY: drives movement towards
warmer temperature (T)
» AlZ: drives movement towards
colder temperatures (C)

C

Movement




Thermosensory neurons

Genes and neurons involved in thermotaxis

Thermotaxis Phenotypes

Isothermic Athermotactic Cryophilic Themophilic

ttx-3
nsc-1

AFD/ALlY ablation AlZ ablation

No ablation RIA ablation

«  Worms maintained at 20°C and transferred to a radial thermal gradient
» Ablation = precise elimination of neurons by a laser pulse



Behaviour

Locomotion

Egg-laying

Defecation
Chemoattraction

Chemorepulsion

Thermotaxis

Body-touch response

Nose-touch response
Pharyngeal pumping

Male mating

Dauer formation

Assay

Qualitative inspection
Radial dispersal rate
Wave frequency

Wave amplitude

Egg stage

Egg retention (serotonin-test)
Egg-laying rate (liquid)
Constipation

Ethogram (direct inspection)
Point source gradient
Step gradient grid

Ring crossing

Gradient

Step gradient grid
Radial gradient

Linear gradient

Plate tapping

Eyelash

Pick prod

Eyelash bumping

Pump count

Detailed inspection
EPG

Reproductive efficiency
Direct inspection
Uncrowded growth
Crowding/starvation
Pheromone response
Epistasis with dafgenes

Using C. elegans behavior
for mutant analysis

* When a new mutant is identified,
much knowledge can be gained
from testing for a variety of
behavioral defects

 This process is not unlike a
routine for neuronal examination
In mouse or human

(Aldicarb resistance: defects in
ACh neurotransmission)



Special feature of the C. elegans nervous system:

Muscle arms and muscle arm chemotropism




Muscle arms

In higher animals neurons send processes to the muscle, in C. elegans muscles send

processes to neurons receiving their input

Laterally Dorsal Laterally
iti - positioned




Muscle arm development

Muscle arms are formed
during the migration of
myoblasts at mid embryo-
genesis:

As the myoblast moves
towards the hypodermis
cell-trunks (attachments)
are left behind near the
area where the nerve ring
will form

‘ primordial pharynx cells

‘ myoblasts

== O nerve ring



Muscle arm chemotropism

Muscle arms follow to vesicle-rich areas by an unknown chemoattractant process

dorsal

G dorsal

neuro-
muscle arms muscular

junction

motor neuron process

rne no transport to
remains in ventral cord ¢

axonal process

dorsal motor neuron

ventral @\ ventral

wild type unc-6 unc-104
* Muscle arms connect to * In unc-6 mutants axonal * In unc-104 mutants
dorsal synapses formed outgrowth is impeded axonal outgrowth is
by a motor neuron with * Muscle arms follow to normal but vesicle
its cell body located the small axonal trunk transport is impeded
ventrally located ventrally * Muscle arms follow to
* unc-6 encodes the the vesicle rich area

guidance molecule netrin at the axon hillock




Studying the C. elegans nervous system

1) Laser ablation: using a laser microbeam, single neurons can be destroyed without
damage of the nervous system => assessment of behavioral function of any neuron
2) Recording neuronal activity using electrophysiological patch clamp methods:
« Worms are immobilized with cyanoacrylate glue and immersed in physiological
saline (so called M9 buffer) and the cuticle cut near the GFP-marked neuron

e g __ b ‘ - After cutting the
' | | cuticle a bouquet of
several neurons
~ appear
* Only the GFP-
marked neuron is
. patched

recording pipette
sealed to a
ASE neuron

membrane patch
inside the pipette



Doing electrophysiology with C. elegans neurons

Patch-clamp recording scheme Voltage response of the chemosensory
from GFP-labeled neurons neuron ASE to current application (2 pA)
after cutting the head epidermis

A B 2o

,___|1o mV

100 ms



Wagner-Lab: How are molecular motors regulated in C. elegans neurons?

Nervous system in whole animal Kinesins are molecular motors that

transport cargo and walk on microtubule

Zoom of blue bo@

t\ -

- e

. i
-

Zoom of green box: ™= .
visible molecular motors

Kinesin-3 UNC-104::GFP

http://life.nthu.edu.tw/~laboiw/



Importance of kinesin-3 UNC-104 (KIF1A)

e Anterograde transport of synaptic vesicles
e unc-104/kif1A loss-of-function mutants have
severe synaptic vesicle transport defects (death

or paralysis)

Unc104/KIF1

Vale. 2003. Cell

C. elegans
wild type

C. elegans
unc-104

KIF1A knockout mice (Yonekawa et al. 1998. JCB) Synaptic vesicle retention
in neuronal cell bodies



Questions Wagner-Lab

Adaptors
and cellul
signals

%07

()
=

Synaptic vesicle

? Cargo receptors

How do motors recognize their cargo?

eMembrane receptors, scaffolding proteins,
lipids...

How is cargo/vesicle transport regulated?
eDirect motor phosphorylation

eCargo binding triggers motor activity and
directionality

eScaffolding proteins and adaptor binding

eCalcium binding and phosphorylation of
motor adaptors

eSignaling events

eTug-of-war between opposing motors
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Literature

C. elegans: A Practical Approach

(Oxford University Press)
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The Neurobiology of C. elegans

(Academic Press)
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Literature
C. elegans Atlas

C. elegans Atlas

(CSH press)
by David H. Hall and Zeynep F. Altun

300 pages
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http://www.wormatlas.org/

DAVID H. HALL and ZEYNEP F. ALTUN

WormBook

THE ONLINE REVIEW OF C. elegans BIOLOGY



WormBook

THE ONLINE REVIEW OF C. elegans BIOLOGY
Contact Cite WormBook for Authors * Downloads Sponsors

# e W Preprints [l F‘DF| | Search

WormBook is a comprehensive, open-access collection of original, peer-reviewed chapters

cowvering topics related to the biology of Caenorhabditis elegans and other nematodes.

Wormbook also contains: WormMethods, a collection of protocols for nematode researchers;

WormHistory, personal perspectives on C. elegans research; and the Worm Breeder's .

Gazette, an informal, non-refereed, biannual newsletter for the interchange of ideas and http 'IIWWW'WO rm bOOk' org/
information related to C. elegans and other nematodes.

WormBook Sections

C. elegans Other
nematodes

Genetics and genomics Developmental control

AR
Molecular biology Post-embryonic Neurobiclogy
development and behavior

i &%
: I
gp @t
(I
W
Biochemistry Sex determination Evolution and ecology
G i -
Cell biology The germ line Disease models

and drug discovery
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Using PubMed

PubMed Quick Start Guidd

Full Text Articles

PubMed FAQs

PubMed Tutorials

Mew and Noteworthy B

All Databases
All

All Databases

Assembly

BioProject

BioSample

BioSystems

Books

Clinvar

Clone

Conserved Domains

dbGaP

db\ar
Epigenomics
EST

sene
Genome

GEQO DataSets
GEO Profiles
555
HomoloGene
MedGen
MeSH

NCBI Web Site
MLM Catalog
Mucleotide
OMIA

oMM

kd

ises more than 23 million citations for biomedical literature from
science journals, and online books. Citations may include links to full-

m PubMed Central and publisher web sites.

PubMed Tools

PubMed Mobile

Single Citation Matcher

Batch Citation Matcher

Clinical Queries

Topic-Specific Queries
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] — WormBook: The Online Review of C. elegans Biology [Internet].

1. Pasadena (CA). WormBook; 2005-.
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Protein domains: C2 calcium-dependent membrane targeting
C2 calciumVlipid-binding domain, CalLB

TreeFam:

PDZ domain
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Zinc finger, RINGVFYVEVPHD-type

Treefam (ID:TF321703)
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Gene family tree
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Perform Clustering Analysis in SPELL (documentation)

T10A31
KO03A1.3
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 SelectCell DP ~

SelectCell BV -

WORMATLAS

Caenorhabditis elegans

Individual Neurons

| MNeuron | Lineage | Description
[aDAL |AB.pIapaaaapp |Ring interneuron

|,'J.DAF{ |AB.prapaaaapp |Rfr|g interneuron

|ADEL |AB.pIapaaaapa |Ar|teri0r deirid, sensory neuron
|,'J.DER |AB.prapaaaapa |Ar|ter|'or deirid, sensory neuron
|ADFL |AB.aIpppppaa |Amphid neuron

|,'J.DFF'. |AEl.praaappaa |Amphfd neuron

|ADLL |AB.aIppppaad |Amphid neuron

|,'3.DLF{ |AB.prazapaad |Amphfd neuran

[AFDL |AB.aIpppapav |Amphid finger cell

|,'3.FDF'. |AB.praaaapav |Amphfd finger cell

[azAL |AB.pIppaappa |Amphid interneuron

|,'fl.IAR |AEI.prppaappa |Amphfd interneuron

|AIEIL |AB.pIaapappa |Amphid interneuron

|,'J.IEIR |AEl.praapappa |Amphfd interneuron

|AIML |AB.pIpaapppa |Rir|g interneuron

|,'J.IMR |AB.prpaapppa |ang interneuron

[ATNL |AB.alaaaaIaI [Ring interneuron

|,'J.INR |aB.alaapaaar |Rfr|g interneuron

[aTYL |AB.pIpapaaap |Amphid interneuron

|,'J.I‘r’F{ |AB.prpapaaap |Amphfd interneuron

[a17L
AIZ

|AB.pIapaaapav

|Amphid interneuron

|AB.prapaaapav

\amphid interneuron

laLa

|AB.alapppaaa

|r‘~.IEtur|::r'|r sends processes laterally and along dorsal cord

|,'J.LML |AB.arppaappa |Ar|ter|'or lateral microtubule cell
|ALMR‘ |AB.arpppappa |Anten'or lateral microtubule cell
|,'J.LNL |AB.plapappppap |Neuror| associated with ALM

[ALNR

\AB.prapappppap

|[Meuron associated with ALM




SelectCell AC ~ Caenorhabditis elegans

SelectCellD-P -

SelectCell RB-V -

ALML, ALMR

Type: Sensory neuron (Mechanosensory)

In MoW: ALM

Male Wiring Project: ALML, ALMR

In Wormbase: ALM, ALML, ALMR

Lineage: AB arppaappa, AB arpppappa
Location: Lateral in mid-body

Description: Anterior lateral microtubule cells,
touch receptor neurons

'Neurons - Neurotransmitter: Glutamaie. Expresses VGIUT,
EAT-4 (Lee et al.. 1999).

Function: Along with AV and PLIM, sense touch
to the body and provide input to the command

& (inter) neurons (PVC, AVE, AVD, AVA) via both

n Table  synaptic connections and gap junctions (Chalfie
et al., 1985). The touch cells form gap junctions Vow

are Table | With agonist interneurons and chemical synapses ALM L —
with the antagonist interneurons. Hence, the
anterior touch cells ALML/R and AV form gap
junctions with the backward movement
interneuron AVD, but they provide synaptic input
to the forward interneurons {(AVE and PVC)
(Kaplan and Driscoll, 1997; Goodman, 2006).
See body touch circuit here.

Receptor Expression: Express VEC-2
(stomatin-like), MEC-4 (degenerin), MEC-10
(degenerin) which comprise part of a

Adaped bam the orignal derwing By WW. Walthall ana M. Craifa




Longitudinal Tracts - pdf
Pharyngeal Neurons - pdf

Neuronal Wiring and
Connectivity

Postembryonic Neurons

Serotonergic Neurons -
Loer Lab

Dopaminergic Neurons -
Loer Lab

Neurotransmitters Table

Neuropeptide-like
Protein Expression Table

Actions of
Neurotransmitters Table

@l Click pictures for higher resolution images

The posterior process coming out of ALM cell body (red arrows, below) is
infrequently seen and can be at random legths:

Darsal view

strain: urls13 (une-119::GEFP: pREY) source: W. G. Wadsworth

) Fha D | Card Commissunes
s A .
F »
Recapiors o s > H-wic N
SOGR ALIIR
“BOUR_AVMY CARR-
Co
(Right side neurons as visualized from the lefi side of the animal)

image source: W. G. Wadsworth
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WORMATLAS

Caenorhabditis elegans

News and Notes:

= 10M5/09: SW24 slice
(head)is added to the
SlidableWorm.

« 09/6/09: HTML version of
J.G. White, E. Southgate,
M. Thomson, et al (1983)
"Factors That Determine
Connectivity in the Nenous
System of C. efegans.”is
now added to the Worm
Literature section

» 09/2/09: S22 slice (head)
is added to the

SlidableWorm.

« 08/28/09: HTML version of
Sulston J.E. et al (1983)
"Meuronal Cell Lineages in
the Mematode C. elegans”
is now added to the Worm
Literature section

-_.mmm SW21 slice
m_md] is added to the
SlidableWarm.

f-.ﬂTdem SW22 slice
(head)is added to the

|»

Individual " Cell
@ Neurons )@Identificatio)@ Glossary)
\ Neuronal /& Movie o Cell
_ Wiring : Gallery S Lineages

=l




PROTOCOL ONLINE

Your lab's reference book

http://www.protocol-online.org/
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CURRENT PROTOCOLS

www.currentprotocols.com

Home | Protocol | BioForum | BioProduct | BioTool | PubAlert | BioBlog

Search: Protocol | Forum Discussion | Bioproduct

Protocol Search Go| advanced Search

Protocol Categories

Animal Techniques Image Techniques

Surgery, Xenograft Tumor Models Microscopy, Radiologic Imaging
Biochemistry Immunology

Amino Acids & Protein, Lipid... Antibody, Antigen, ELISA. ..
Bioinformatics Media & Solutions

Database Search, Sequence Analysis

e - Microbiology
Cell Biology Bacteria, Fungi, Virus,
Apoptosis, Cell Culture, Stem Cells,

e Model Organisms
ignal Transduction Arabidopsis, C. Elegans, Yeast...

Developmental Biology Molecular Biology

Embryology, Fertilization. . Carbohydrate, DNA, Cloning, PCR, RNA,
Essential Data RNAI, Protein...

MW Markers, Restriction Enzymes...

Neuroscience
General Lab Techniques Neuroanatomy, Neurophysiology...
Centrifugation, Quantitation... Physiology
Genetics & Genomics Hematology...
Cytogenetics, Epigenetics, Microarray... Plant Biolo
riant biology
Histology Photosynthesis, Tissue Culture...

Fixation, Staining, Microdissection Tissue Research Tools
Microarrays...

Online Tools, Software

Latest Forum Discussion

+ TM domains and their functions (by
Jiang M)

* Inconsistent PCR results (by Floz)

« endosome markers for mouse T cells
(by Jinshu)

* How to immunoisolate Golgi (by Jinshu)

» Subcultures of primary cultures - would
you use them for your experiments? (by

cepheus)

* Suspension cells (by scifi)
« 1 need help and lot of advice! (by balaji

chettiar)
» Question about BSP primer design? (by
sallynie)
* good LPS dose for in vivo work (by Jayu)
» Stock Concentration of Solvents (by
AmyPerk)
* phoenix transduction (by Jithesh)
= Enter

Forum Archives & Topic Index

BioForum Indexed by disciplines and by
topics with easy browsing and fast search
= Browse by Disciplines

= Browse by Major Topics
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Expression Mtg
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2009 International Meeting
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C. elegans publications

from TATWAN

Welcome to the|J]CECF|]Taiwan

The nematode worm Caenorhabditis elegans has become an important tool in the
scientific world resulting in over 23,000 publications until now. Fully sequenced
genome, 3-day life cycle and a considerable high amount of protein-coding genes

(21,000) with high homology to humans making it an attractive model organism.

Our goal is to increase scientific awareness about this important model organism
and our mission is to assist creating up new C. elegans labs in Taiwan and to offer

non-profit services for existing worm-labs.

Using worm as a research tool is highly beneficial based on its low cost and its
easiness to be adapted after several training courses. We wish to support
investigators during their transition from single cell research to C. elegans based
model organism research providing methodically assistance, sharing mutant
strains and plasmids, training students and offering lectures about C. elegans

based research.

Our mission is to provide knowledge to help researchers to design and conduct
experiments without C. elegans experience. We assist in developing experiments
to test various hypothesis in the nematode that have been otherwise investigated

only in cell culture or other models.

# C. elegans publications in Taiwan (past 15 years)
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Microinjection Facility
at NTHL.
Read maore =

Gene Gun (Biolistic
Particle Delivery
System) at NCKU.
Read more =

Center for Strain and
Vector Collection at
NTU.

Read more >
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