Neuroetologie a smyslova neurofyziologie
Behavioralni neurobiologie




Vztah mezi nervovym systémem a chovanim
je velmi tesny
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Problemy neurofyziologie se Casto zkoumaji
sledovanim chovani:

*Pohyb

Cirkadianni rytmy
*Smyslové schopnosti
*Pusobeni drog a farmak
*Agresivita

«Starnuti

Pamet a uceni ...
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Cirkadianni rytmy




Smyslové schopnosti
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Agresivita




Pusobeni drog a farmak
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Orientace a navigace zivocichu
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figure. The orientation and size of each
black bar mark the angle and degree
{percentage) of polarization, respectively.
The open circle indicates the zenith. The
solar meridian (the line from the zenith
down to the horizon) and the anti-solar
meridian represent the symmetry plane
of the celestial E-vector pattern. From
Wehner (1994a).




(a)
Figure 10.10 Maze used for demonstrating the existence of a cognitive map. (a) The rat depletes arms 1-7 of food. It is then removed
from the maze for a short while. (b) The maze is rotated and the rat is returned.
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Figure 1

Current Opinion in Neurobiology

Routes around a barrier. {a) Desert ants performed a detour around a
10 m long barrier on their homeward journey after visiting a feeder

10 m south of their nest. Retuming ants about to enter their nest were
taken to the end of an identical barrier on a test ground. (b) Barrier in
test orientation: ants recreate the path that, in training, took them to
the nest. (c) Barrier rotated through 45°. The ants’ path is controlled
by the barrier, rather than by their sky compass. (Redrawn from [15])
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Figure 10.8 The rat’s behaviour in the tank employed by Morris. The rat’s route over six
trials is shown. At first (1) the rat takes a while to locate the submerged platform. Over trials
(2)-(6), the improvement in performance is clear. Note that, irrespective of where the rat
starts off, it finally comes to swim directly to the platform.



Insects as a model group for sensory neurophysiology

*Extraordinary sensory capabilities

*Simple and well described nervous system
*Easy accessible NS

Durability of preparates

*Some species easily reared in lab

*Almost unlimited numbers of animals

*No animal rights paperwork yet




Behavioral assay precedes neuro- and molecular approaches

*Electrophysiology
sImmunohistochemistry
*Genetics
*Transcription factors
*Lesions

etc.

' '{]:r;EJ \ o
2 =] s

—r [ Y g ] i e .| r rita "

1 i . 1# '

1. i : . LIE' E |.I|II

= i " » .‘_!1.5-] 2 Vi,

] ; . ,

- - = § i ) e !; f '--
, [hiLFa) T
= mE _,-""'t
- . . i

! _ T S
e o

iy ey

From: Brembs, B.“ : (2003) Operant conditioning in invertebrates. Current Opinion in Neurobiology, 13, 710-717.



Insects as a model for analysis of reception and signal
processing
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From: Tegoni.M, Campanacci, V., Cambillau, Ch.: (2004) Operant conditioning in invertebrates. TRENDS in Biochemical Sciences Vol.29 No.5 May 2004.

Antennal
*Chemoreception ollactory receptor
*Mechanoreception NEUOns termmaie
*Polarised light m-antennal lobe
IR detection slomernl
*Memory




Vytvoreni podminéného spoje mezi dvéma podnéty je
metodou studia procesti paméti.
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Vytvoreni podminéneho spoje mezi dvéma podnéty je
take metodou studia smyslove percepce.
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Kompasova orientace -
magneticky smysl Zivocichd.



Zdroj pole B (T)
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Fig. 1. Schematic view of the earth and the geomagnetic field.
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Fig. 1.3. Inclination or dip of the magnetic field of the earth (epoch 1965); negative signs desig-
nate upward inclination. (After SKILES 1985)



{otal
intensity }
(nT)

47 950 -

47 930 4

47 910 4

47 BSQ 1

47 B70 -~

Denni variace GMP

13.7.69

1. 7.85

o

47 850

12:00 15:00

T L)
18:00
time (UTC)



2 3 3 200

S

e /v / ;




(-] - -
. . . 60°E 120°E 180
180 120°W 60°W 0 " i " 90°N

90°N m— d . t
Inclination

- -70°

90°S ' T T T T % T Y T R T 90’s
180° 120°W 60°wW 0° 60°E 120°E 180°

Fig. 1.3. Inclination or dip of the magnetic field of the earth (epoch 1965); negative signs desig-
nate upward inclination. (After SKILES 1985)



180 120" W 60"W (o) 60°E 120°E 180°
- S 1 ] I\ . Vi y ] ] L ' WH
ITotal Intensity !
(in 1000 nT)

90°S

¥ . L] 1 - L ! T L T T o T 90%
180° 120°w 60°W 0° 60°E 120°E 180"

Fig. 1.4. Total intensity of the magnetic field of the earth (epoch 1965) in 1000 nT. (After SKILES
1985)



2 3 3 200

S

e /v / ;
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Insect magnetoreception path quite unknown today

Vertebrate brain Insect brain
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Nemec, P., H. Burda, et al. (2005). "Towards the neural basis of magnetoreception:
a neuroanatomical approach." Naturwissenschaften 92: 151-157.




A) Position behaviour

Alignement the body axis with the cardinal geomagnetic axes
Resting positions Termites, Flies, Cockroaches, Bees
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Hypotézy transdukce
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(a) To brain

g

Ophthalmie nerve

Trigeminalni
ganglium
Dolichornix

AT e -

Mandibular nerve ~4;:

Maxiltary nerve

(b)

Spont.a. 1 M 3 Aﬁlﬂ%ﬁ 15000 nT
200 nT 2 M«W 5 WM 25000 nT
5000 nT 3 nh%ﬂd 5 100.000 nT




Energie

Singletovy stavA
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Opsin-cis retinal m
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Energie
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Polarity vs. Inclination
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Metody vyzkumu












bl ik el fmaiF

(LN

W, -mm
e e i 7
el b o
1 e L aLE 1d
i I Ii
oy a piips i Th=
o i o o

Fiees Y08 Charsgng the mageselic leid chan

grd P poprllnes

TR o
"o e
i a1
7 =
T . Ls
R e r e
=i i s 1
i 1 L]



459

ANIMAL MAVIGATION

Marthem Thorlda







Ligd# Smsmey

Training Rig

(Phillips and Sayeed, 1993)
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Magnetoreception in Drosophila
(Phillips and Sayeed, 1993)
Top Loading
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Magnetoreception in Drosophila

(Phillips and Sayeed, 1993)
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Magnetorecepce potemnika moucného -
Tenebrio molitor






Trénovaci tubus







Testovaci
aréna
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Software pro cirkularni statistiku
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a) Spontaneous — untrained reaction
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How to analyse?




a) Spontaneous —'untrained reaction

Before treatment

W-

After treatment

AN

Amplitude + Time = Integral :(Area, Effective amplitude)
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Before treatment After treatment
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Wilcoxon pair test
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Conclusion:

Animals did not react spontaneously:
- no perception ?
- no motivation ?



Hypothesis:

Provided pupae perceive MF, their reaction should be
enhanced by negative reinforcement.



Stimulus 1 Stimulus 2

NS

Learning

Behaviour
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b) Trained — conditioned reaction

Magnetic pulse (10s)

Heat pulse (15s)

12 times per night



b) Trained — conditioned reaction

Magnetic pulse

Heat pulse




b) Trained — conditioned reaction

Movement
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7 times
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American cockroach
Periplanetta americana
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Methods:

2x4 Helmholtz coil system
rotating GMF 60°CW







Results: Natural Field
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Field Rot. 60° CW
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Field Rot. 60° CW
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Quadrimodal:
N=27(1293)
P=0.00001
MVB = 0°
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Natural Field

Field Rot. 60° CW
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Quadrimodal orientation
Mean vectors distribution

Natural Field

Hotteling test n.s.

Field Rot. 60° CW

Hotteling test n.s.




B) Body turns in rotating field
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Time schedule:

Control

4pm 6pm Oam 6am 10pm 1pm 6pm
11.30pm 2.30pm
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1 picture/min =
270 samples

Dish loading



Time schedule:

GMF 60°CW rotation
Test Pulses 5min/5min

112 516
4pm 6pm Oam 6am 10pm 1pm 6pm
11.30pm 2.30pm
(N J
Y

Dish loadi
'sh loading 1 picture/min =

270 samples
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Results:

GMF 60°CW rotation for test group

EEEEEEEEEES O test group

7 - T T I control group
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Body turns per animal
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(n=62/66)




Results:

GMF 60°CW rotation for test group
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Projekt kryptochromy
* Metody reverzni genetiky — 1IRNA

* Chirurgie — leze, ablace
* Imunochistochemie

Cantral brain Optic lokbea
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