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Jaka temata vyzkumu®?

Imunologie

Fyziologie zivocichu
Vyvojova biologie
Metody: od tkanovych kultur po ziva

zvirata, od sledovani chovani zvirat po
molekularni techniky a mikroskopii.
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Laborator neuroetologie a
smyslové fyziologie

Martin Vacha




Neuroetologie (behavioralni neurobiologie):

= Syntéza etologie a neurobiologie (60.l)
= Neuralni podstata chovani
= Nastroj feseni otazek neurofyziologie sledovanim

PODNET mmmm)




Co Je to neuroetologie?
Problémy neurofyziologie se Casto zkoumaji
sledovanim chovani:

Rizeni a poruchy pohybu

Cirkadianni rytmy

*Smyslové schopnosti, uCinky repelentu
*Orientace a navigace zivocichu
*Pusobeni drog a farmak

*Agresivita

«Starnuti



Magnetické pole a cirkadianni rytmy zivocichu i
bunek.
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Magnetosféera chrani Zemi pred sluneCnim vetrem
- Chrani zivot pred ionizujicimi ucCinky
- Chrani atmosfeéeru pred ,odfouknutim®
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Fotochemicky model biologicke citlivosti:

Existuje signalni protein tvorici po dopadu
svetla radikalove pary citlive

na GMP.
Je to Cryptochrom (Cry)




Je v sitnici a mozna ovlivhuje
fotorecepci zvirat. Zvirata tak
mozna GMP vidi.

Solov’yov, I. A., H. Mouritsen, and K. Schulten. 2010. Acuity of a
cryptochrome and vision-based magnetoreception system in
birds. Biophysical Journal 99: 40-49.
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Magnetic field
Blue light .

Mutant

Figure 1 Magnetoreception in fruitflies. Gegear ef al.” studied the ability of fruitflies to detect
a magnetic field. a, When trained to associate a magnetic field with a reward of sugar, wild-type
flies preferentially choose to enter a tube that is bathed in a magnetic field, rather than one

that is not, so long as blue light illuminates the experiment. b, The trained flies demonstrate no
preference for the tubes if blue light is filtered out of the illumination. ¢, Genetically modified
flies that lack the photoreceptor cryptochrome (which responds to blue light) do not recognize
the magnetic field, even in the presence of blue light, showing that cryptochrome is essential for
magnetoreception in fruitflies.

Rouyer, F. 2008. Mutant flies lack magnetic sense. Nature Vol 454; 949-951.

Gegear, R. J., A. Casselman, S. Waddell;, and S. M. Reppert. 2008.
Cryptochrome mediates light-dependent magnetosensitivity in drosophila.
Nature 454: 1014-1018.



Cirkadianni rytmy

i

24 hod rytmy jsou vS8em tvorum na Zemi

rirozene.




Jak se méri?
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Hodiny sidli v mozku a pri vyrazeni se
rytmus spanku a bdeni rozpada.

(a) Location of the SCN (b) Loss of free-running rhythms upon destruction of the SCN
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Figure 10.17 The suprachiasmatic nucleus in the hypothalamus of the brain is the major circadian
clock of mammals (a) The location of the SCN in the ventral hypothalamus, above the optic chiasm
(the crossing of the optic nerves). The sagittal section shows a side view near the midline (anterior to

the right). (b) A free-running circadian activity is lost following destruction of a mammal’s SCN.




Opet Kryptochrom: ridi
Zivotni rytmus lidi |
zvirat.




Dokonce | bunky v tkanove kulture vi,
kolik je hodin
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Spojeni magneticke a hodinoveé ulohy: MGP
pres Cry ovlivnuje vnitrni hodiny.
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Fedele, G., Edwards, M. D., Bhutani, S., Hares, J. M., Murbach, M., Greenl, E. W., et al. (2014). Genetic Analysis of Circadian Responses to Low frequency
Electromagnetic Fields in Drosophila melanogaster. PLOS Genetics, 10(12), e1004804.

Fedele, G., Green, E. W, Rosato, E., & Kyriacou, C. P. (2014). An electromagnetic field disrupts negative geotaxis in Drosophila via a CRY-dependent pathway.
Nature Communication, DOI: 10.1038/ncomms5391.



Magnetické pole ovlivhuje rytmus
spanku a bdeni !

... amy nevime jak a procC




Vyznam pro chronobiologii a
chronopatologil

* Pracovni vykon, uceni
soustredéni, ale | ucinnost
|éku zavisla na denni dobé.

* Pri konfliktu hodin
nebezpeci poruch spanku
(Jet lag), prijmu potravy
(obezita, diabetes,
metabolicky syndrom),
kardiovaskularnich,




Cil: pochopeni molekularniho principu a lokalizace
receptoru magnetorecepcniho smyslu a magneticke
sensitivity.




Metody prace v magnetobiologické laboratori:
Velké civky umoznuji nastavit libovolné GMP.

Vertical coil

power supply |:

Horizontal coil
power supply

Computer

®e

Cable from
digital encoder




Stinéné komory v
kampusu

Umoznuijici odfiltrovat co
nechceme a nastavit

GMP, jaké chceme.




Stinéné komory v
kampusu

Umoznuijici odfiltrovat co
nechceme a nastavit

GMP, jaké chceme.




Metody prace nasi laboratore:

Sledujeme pohybovou aktivitu zvirat. Laborator je vybavena
videosystémy pro zaznam a vyhodnocovani pohybu.

Mus musculus



Metody prace nasi laboratore:
Mame k dispozici laboratorni testy magnetorecepcniho chovani u
hmyzu.

Diky tomu aplikujeme:

*Metody funkCni genetiky (knockoutovani jedinci, vypnuti urcitych
vytypovanych genu, RNAI, crispr)

»Fyzikalni faktory (parametry svétla a magnetického pole)

f A \.
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. a periodicitu chovani
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Radiofrequency noise background in a lab iIs
not far from what we saw to change clock
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Shrnuti:

Zvirata maji smysl, ktery jsme asi ztratili
Existuji chemické reakce citlive na GMP
Kryptochrom (Cry) je latka citliva na MGP
Cry jsou soucasti rizeni rytmicity

Protoze jsou Cry i v tele Cloveka, mozna
jsme na stope toho, ze nektere nase funkce
jsou k MGP a RF citlive.



Otazky vyzkumu:

Jak ovlivhuje biologicke systémy
radiofrekvencni pole ?

Jaka je molekularni uloha Cry?

Vidi zvifata pozici severu zrakem a jak ?
Jak magneticke pole meni rytmus spanku a
bdeni ?

Jsou | ostatni (hekompasove) funkce
zivocichu citlivé na magnetické pole ?

Jsou bunky ovlivnitelné radiovymi poli?



K cemu je takovy vyzkum dobry?

Zakladni vyzkum — nikdy nevite...
Nejslabsi znama interakce mezi biologii a
mag. polem.

Vyzkum posouva hranice mezi biologii,
,kvantovou biologii* a fotochemii.

Prakticke aplikace v oblasti ochrany zdravi,
kvality spanku, interakci s technickymi
zarizenimi atd.



Altered clock changes the role of clock genes
toward modulation of proliferation

ES cells : Differentiated cells

i

Dierickx, Pieterjan, Linda W. Van Laake, and Niels Geijsen. "Circadian clocks: from stem cells to tissue homeostasis and regeneration.”" EMBO reports 19.1
(2018): 18-28.



Cry expression is a marker of chronic
lymhocytic leukemia.

Differentiated cells

ES cells

S EMBO

Eisele, Lewin, et al. "Combined PER2 and CRY1 expression predicts outcome in chronic lymphocytic leukemia." European journal of haematology 83.4

(2009): 320-327.



NaucCite se:  Co to znamena analyzovat chovani
zvirat v laboratori.




Dosavadni granty:

Ovéfeni magnetorecepce potemnika mouéného. GACR 2001-2003

Analyza magnetorecepcéniho chovani laboratornich druht hmyzu.
GACR 2005-2008

Neuralni podstata magnetorecepce hmyzu. GACR 2007-2010

Fyziologicka a funkCné geneticka analyza magnetorecepce na hmyzim
modelu GACR 2013-2015.

At the Cross-road of Magnetic Fields and Light: A New Perspective of
circadian Clock Control GAMU 2019-2021
NAZV 2019-2013

Spoluprace s Molekularni chronobiologickou lab. CB, Marburg, Oxford,
Lund,




Zajem badatelu neklesa. Heslo
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Vitan je ten, kdo:

= se nestiti hmyzu a trochy fyziky

= pritahuje ho nervovy systém, chovani a
smysly

= se neboji dennodenni rutiny

= umi se srovnat s tim, ze aplikace jsou zatim
daleko



Kontakt:

 Doc. Martin Vacha, vacha@sci.muni.cz
« Laborator neuroetologie hmyzu

* https://www.sci.muni.cz/ofiz/vacha/



https://www.sci.muni.cz/ofiz/vacha/

Dekuji za pozornost!

vacha@sci.muni.cz



UziteCny pomocnik pri vyuzivani
predplacenych sluzeb MUNI je
Virtual Private Network (VPN )

https://it. muni.cz/sluzby/vpn



https://it.muni.cz/sluzby/vpn

