


Pres receptory vstupuji informace do NS

Smysly jsou branami do vedoml.
= Jak vedou k subjektivni zkusenosti?
= Jakymi fiyziologickymi pochody?
= Otcove experimentalni’ psychologie

Ernst Weber Gustav Fechner Hermann Helmholtz
1795-1878 1801-1887 (1858 — 1871)
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Obecne principy.

4 zakladni viastnosti' podnetu:
s Modalita

s Lokace (,adresa’)
s Intenzita

s [rvani

PNS
Action potentials




Modality — formy energie: chemicka, teplotni, mechanicka,
svetelna, elektrickeho a magnetického pole

~ Table 10.1 Main types of sensory modalities

Form of energy

Receptor organ

Receptor cell

- common chemical

arterial oxygen
toxins (vomiting)
0SMOtic pressure
glucose

pH (cerebrospinal

pressure
heat and cold

pain

| Muscle

i o
[

vascular pressure
muscle stretch
muscle tension
joint position

. Balance

linear acceleration

(gravity)
_angular acceleration

Hearing

Vision

molecules

Q, tension
molecules
osmotic pressure
glucose

ions

ions and molecules

molecules

mechanical
mechanical
temperature

various

mechanical
mechanical
mechanical
mechanical

mechanical

mechanical
mechanical

electromagnetic
(photons)

various
carotid body
medulla
hypothalamus
hypothalamus
medulla

tongue and pharynx

nose

skin
skin and deep tissue
skin, hypothalamus

skin and various organs

blood vessels

muscle spindle

tendon organs

joint capsule and liga-
ments

vestibular organ

vestibular organ
inner ear (cochlea)

eye (retina)

free nerve endings
cells and nerve endings
chemoreceptor cells
0SMOreceprors
glucoreceptors
ventricle cells

taste bud cells

olfactory receptors

nerve terminals

encapsulated nerve endings

nerve terminals and central
neurons

nerve terminals

nerve terminals
nerve terminals
nerve terminals
nerve terminals

hair cells

hair cells
hair cells

photoreceptors

‘Modified from Ganong (1985)




Vstup urcCuje
Povahu (kvalitu)
viemu- Labeled lines

V. Trigeminal
Face, sinuses,;
\ teeth .
R [lnw muscles

(111, Oculomotor
Alleye muscles axcept superior
oblique and lateral rectus

/ . VIL Facial
V. Trochlear A S S N [ Y \ N Tongue,
Superior b \ gy /1 . _ w soft palate
| oblique . o —o ' | Facial muscles,
\ y = \J : ‘ ’ o &  —lsalivary glands,
' tear glands
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¥ 37

‘]
~ VIIL Auditory
‘ Inner ear

XIL Hypoglossal

Tongue muscles

[IX. Glossopharyngeal
= —_—— - Z ' | -, Posterior tongue,
XL Spinal accessory E f ’ ¢ tonsils, pharyny,
Sternomastold and - ) o) m Phanymgeal muscles
trapezius muscles i g ‘Same Bl

B Sensory | Heart, lungs, gastrointes-
0 Motor tinal teact, bronchi,
trachea, larynx




3 Urovné organizace sensorickych systémd

B) Sensorické obvody a drahy
C) Sensoricka percepce



3 Urovné organizace sensorickych systémd

Sensoricka membrana

a) mikrovili- mikroklky (vlaskové bunky, vomeronasalni
chemorecepce, fotorecepce clenovci)

b) cilie — brvy, rasinky (Cich v nosni sl., fotorecepce obratlovci)



(A)

Mikrovily, mikroklky
Mikrofilamenta

viaskové bunky,

Golgi

Rough ER

(C) hv

Organization of sensory membrane of a photoreceptor in the fruit fly
Drosophila (A) Anatomy of a Drosophila photoreceptor. The sensory membrane
forms a structure, called a rhabdomere, composed of 50,000 microvilli. (B) The mem-
brane of the microvillus is highly organized by a scaffolding protein called INAD
(C), which binds to proteins in the cytosol and plasma membrane. PLC and PKC
proteins are shown as if cytosolic but are likely to be at least peripherally associated
with the plasma membrane. Abbreviations: R, activated form of the photopigment
rhodopsin; GDP, guanosine diphosphate; CaM, calmodulin; GTP, guanosine triphos-
phate; PLC, phospholipase C; PIP,, phosphatidylinositol 4,5-bisphosphate; IP,, inosi-
tol 1,4,5-triphosphate; DAG, diacylglycerol; NINAC, a form of myosin; PKC, protein
kinase C; ER, endoplasmic reticulum; SMC, submicrovillar cisternae.

Rhodopsin %

®
GDP

CaM

Rhabdomere

Microvilli

Actin filaments

Channels

NINAC



(A) (B)

o~ Micr wubules

arms

_ Cilie (brvy, rasinky)
AR Mikrotubuly

Plasma
membrane

Nexin

Figure 2.3
Cilium (A) Structure of 3 cilium from a sea urchin embryo. Note the basal body

(bb} at the base of the cilium (¢). Magnification 22,000x. (B) Schematic drawing of a
cross section of cilium. (A from Chakrabarti et al,, 1998.)

cilie (Cich v nosni
sliznici,
fotoreceptory
obratlovcu)

Figure 2.4
Formation of disks of a rod photoreceptor Disks are intiated at the base of the
rod outer segment adjacent to a cilium. (After Steinberg, 1980.)




Cilia jsou produkovana z bazalnich
télisek z centriol, ktera jsou v
delicich se bunkach nezbytna pro
organizaci a separaci chromozémd.
U tycCinek se clium organizuje a dava

vznik vychlipeninam membrany. U
tyCinek pak fuzuje membrana a
méchyrky se odstipnou a tvori
vesikuly v cytoplasmé. U cipkl neni
membranova flze Uplna, takze
disky se neuzavrou.

Pigmentova

/ vrstva

Membranové

disky

Axony zrakového
nervu

e Je'le )

TyCinky

Cipky

Mitochondrie

Jadro

bunky
Bipolarni
bunky
burky

Gangliové
burky



Uloha cytoskeletu v signalnich drahach recepénich bunék

Difuzni model signaloveého prenosu x Signalplex (transducizom),
scaffolding proteins; Multimolekularni signalizacni komplex zvysuje
rychlost a specifitu ,,rozhovor{

s
\:\:f y !”:..’;. ’ ’ ’ ' ’ ' ’ .
ot ] Cytoskeletal core



Uloha cytoskeletu v signélnich drahach recepénich bunék

Takova adaptace?
Translokace TRP —

mechanismus adaptace
na tmu a svétlo

(2) Ommatidia

Corneal lens
Crystalline lens

Rhabdom

Retinular cells —~

\ﬂ_l
Rhabdom




Uloha cytoskeletu v signélnich drahach recepénich bunék
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Obnova
smyslové
membrany

Figure 2.7

Renewal of sensory membrane in a vertebrate photoreceptor Renewal of
membrane in the outer segment of rod photoreceptor. Black dots indicate labeled
amino acid, first incorporated into protein in the inner segment, then transported to
the outer segment as components of the disk (largely as rhodopsin). Synthesis of
new disks pushes label upward until, after 10-14 days, it is shed by the outer seg-
ment and phagocytosed by the cells of an adjacent cell layer, called the retinal pig-
ment epithelium. (After Young, 1976.)




Externi specializace

Ochrana, podpora, ucast na recepci

(A) (B)

Pore—___4
Dense object
(statolith)

Sensory hairs ‘4

Sensory neurons

N e il
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© 1998 Sinaus

Mechanoreceptor

T e

0.05 mm

Tormogen
Figure 2.8 Trichogen
Taste receptors of the housefly :
(A) Chemosensory bristles (hairs) on A
the tarsus of the housefly. Letters — Chemoreceptors

indicate different anatomical classes
of hairs (type a, type b, etc; see dis-
cussion in Chapter 8). (B) Structure
of a chemosensory bristle. In addi-
tion to two to four chemoreceptors,
the bristle also contains a single
mechanoreceptor. Trichogen and tor-
mogen cells are accessory cells that
secrete the hair and bristle socket.
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Kddovani signalu

1 Sensory signals 2 Motor signals 3 Muscle signals
Stimulus  Input Integration Conduction Qutput Input Integration Conduction Output Input Integration Conduction Qutput .
({transmitter {transmitter (behavior)
release) release)
Action
Graded potential  Action Action Graded Action Action Action Graded Action Action
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Kddovani signalu

Sekundarni receptor

Stimulus
I Chemlcally gated e
:channels Na Diffusion of 55
chemical
messenger

¥ Afferent
~ neuron fiber Receptor
‘ (separate cell)

Primarni receptor

Stimulus
Voitage-gated channels

I ‘___@
Afferent
neuron fiber

Receptor
(modified ending
of afferent neuron)



Table 10.1 Main types of sensory modalities

Sensory modality

Form of energy

Receptor organ

Recepror cell

common chemical
arterial oxygen
toxins (vomiting)
0SMOtic pressure
glucose
pH (cerebrospinal
fluid)

. Somatosensory
touch
pressure

heat and cold

pain

~ Muscle

- vascular pressure
muscle stretch

muscle tension
joint position

Balance
linear acceleration

(gravity)
_angular acceleration

Hearing

Vision

molecules

O, tension
molecules
osmotic pressure
glucose

ions

ions and molecules

molecules

mechanical
mechanical
temperature

various

mechanical
mechanical
mechanical
mechanical

mechanical

mechanical
mechanical

electromagnetic
(photons)

various
carotid body
medulla
hypothalamus
hypothalamus
medulla

tongue and pharynx

nose

skin
skin and deep tissue
skin, hypothalamus

skin and various organs

blood vessels

muscle spindle

tendon organs

joint capsule and liga-
ments

vestibular organ

vestibular organ
inner ear (cochlea)

eye (retina)

free nerve endings

cells and nerve endings
chemoreceptor cells
0SMOreceprors
glucoreceptors
ventricle cells

taste bud cells

olfactory receptors

nerve terminals

encapsulated nerve endings

nerve terminals and central
neurons

nerve terminals

nerve terminals
nerve terminals
nerve terminals
nerve terminals

hair cells

hair cells
hair cells

photoreceptors

‘Modified from Ganong (1985)




Kodovani signalu — prekodovani intenzity do frekvence AP

RECEPTOR CELLS MITRAL CELLS

g . ODOR A 11w

[
(High Concentration)

ODOR A N IEREEE
{Low Concentration

L ]

L 1

e it —

- ODOR B e I | ] 1.

~ ODORC =Ll 1 11§11 i

Fig. 11.11 Extracellular single-unit recordings of responses to odors of receptor cells (left) and

mitral cells (right) in the salamander, showing different types of responses and different temporal
patterns of activity. (After Kauer, 1974, and Getchell and Shepherd. 1978)



Spontanni aktivita a centrifugalni rizeni
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Table 10.3 Common operations in sensory transduction

Transduction Operations in single Operations in
operations sensory cells cell populations
Detection Perireceptor mechanisms: Perireceptor mechanisms:
filters: carriers: filters; carriers;
tuning; inactivation tuning; inactivation
Sensitivity Different thresholds
Rapidiry
v
Amplification Positive feedback Positive feedback
Active processes
Signal/noise enhancement Signal/noise enhancement
v
‘Encoding/ Intensity coding Different dynamic ranges
discrimination Quality coding Quality independent of intensity

Adaptation and termination

Sensory channel gating

l

Electrical response

Transmission to brain

Temporal differentiation

Desensitization

Negative feedback
Temporal discrimination
Repetitive responses

Open or close
conductance gating

Depolarization or
hyperpolarization

Electrotonic spread

Active properties

Synaptic output or
impulse discharges

Center—surround antagonisms
Opponent mechanisms
Construction of maps

Temporal discrimination

Spatial patterns:
maps and image formarion
Temporal patterns:
directional selectivity, etc.

From Shepherd (1991b)




Jednoducha receptorova bunka (primarni receptor)

In,ervované receptorova bunka (sekundarni receptor)
Mista vzniku ak¢niho potencialu a specialni konstrukce synapsi (ribbon u sluchu)

Vision

Somatosensory Muscle Hearing

Fig. 10.1 Different types of sensory receptor cells in vertebrates. Small arrows indicate sites where
sensory stimuli act. Stippling indicates sites for transduction of the sensory stimuli, and also for
synaptic transmission; both of these sites mediate graded signal transmission. Heavy arrows indicate
sites of impulse initiation. (Adapted from Bodian, 1967)



(A) Figure 2.1
Mechanisms of sensory transduction
Sensory stimulus . (A) Tonotropic transduction. The stimulus
Na~ Ca® directly gates an ion channel that is part of
the receptor molecule. (B) Metabotropic
transduction. The receptor is not itself a
channel but activates a heterotrimeric G
protein that initiates a transduction cascade.

Sensory stimulus
Odorant Light

@ hy
O
@W § Effector

molecule

Receptor

°
GTP Second
G protein messenger

Ionotropni — prima stimulace kanalu

Metabotropni — stejneé jako hormony,
transmitery...

Receptor ne vzdy nutny — slano, MGP






Table 10.2  Steps in sensory transduction

Taste
Sweet/bitter Mechanoreception
Transduction step Vision Olfaction amino acids Salt/sour (hair cells)
Energy Photons Molecules MolIculcs Na*, H* Displacement
Membrane receptor  7TD family: rhodopsin 7TD family: olfactory  7TD family: gustatory
G protein Transducin Gl Gaust
G-protein target Phosphodiesterase Adenylate cyclase I11; AC; PLC
phospholipase C l
Second messenger cGMP cAMP; 1P, cAMP; 1P,
Protein kinase Protein kinase A?
i o Jr
Membrane channel Catonic; inward Cationic; inward K* Na* s K ¥ Cationic; inward
Anionic; inward
Jr l v v
Sensory response Close channel Open channel Close channel Open; close Open channel

Adaptation
mechanism

Cell body output

Ca’*; phosphorylation?;
arrestin

Synapses

Ca’*; protein
kinases ?

|

Impulses

|

?

l

Synapses

l

2

l

Synapses

!

Myosin/actin
motor; Ca**t?

!

Synapses

7TD family: 7 transmembrane domain receptor family.

From Shepherd (1991b)




Weber-Fechnerdv psychofyzicky zakon
S=alogI/l, +b

Weber gradually increased the weight that a blindfolded man was holding and asked
him to respond when he first felt the increase

Uroven saturace

Intenzita viemu

Intenzita podnétu

Obr. 4.15. Intenzita viemu roste s intenzitou podnétu logaritmicky
- ne linearné. Tento kompromis mezi rozliSovaci schopnosti a sa-
turac¢nim prahem (nasycenim) receptorti umoznuje zachovat od-
stupfiovanou reakci na velmi Siroky rozsah intenzit souc¢asné
s velkou citlivosti pro slabe podnéty.
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Neplati ale pro vSechny modality.

"is this sound twice as strong as
that sound?" Stevens found that
such results from different
sensory modalities varied too
much in "steepness" to be fitted
by the Webner-Fechner law.
Instead he introduced a formula
with one more parameter, and
therefore more flexible:

R =k (S_So)alfa

Exponent zavisi na typu stimulu

1 1 1 1
10° 10* 10° 10
S-S, (relative units)

PsyCh,olo%i'qal magnitude
(arbitrary units)

=

100

NW O
o O

Psychological magnitude
(arbitrary units log scale)
=

NG o

13
1

B

10 20 30 40 50 60 70 80 90 100
Stimulus magnitude (arbitrary units)

L1 A Ll asaasl L1 s+ 1 :3:31 Ll a l:a ]

23 5 10 2030 50 100 200 500 100(
Stimulus magnitude (arbitrary units log scale)

Figure 3.2 Psychophysical correlations. (a) When subjective

magnitude is graphed against stimulus magnitude on linear

coordinates the lines are frequently curved upwards or
downwards. (b) When graphed against log—log coordinates

straight lines are obtained whose gradients depend on the

value of the exponent, ‘n". From Stevens, 1961




Pressure

10° 10 10° 1
S-S, (relative units)

Pain has a high value of a, reflected in a steep curve. In other words, once a
stimulus is strong enough to elicit pain, the pain rapidly becomes stronger as the
stimulus becomes stronger. The other modalities shown have successively lower a
values, which means that they can cover much wider ranges of stimulus intensity.



Diferencni receptor Proporcionalni receptor

Sensoricka adaptace
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Adaptace: inaktivace kanall, ¢asto pod vlivem Ca, odstredivé tlumeni z CNS

Vliv pridatnych struktur na adaptaci Paciniho téliska

274 SENSORY SYSTEMS

A NORMAL CORPUSCLE B DESHEATHED CORPUSCLE C THRESHOLDS FOR VIBRATORY STIMU

20|-
’ ’ / 10F,
| = B
<
b
2 a4
Recordings: 4
=
M E |
a ‘ ‘ a’ |
Receptor Potential 25 50
Frequen
b b’

Impulse Response

=

Stimulus Monitor

Fig. 12.5 Experimental analysis of transduction in the Pacinian corpuscle. A. Diagram showing
probe for stimulating the intact corpuscle, and recording from the nerve. (Below) recordings of the
receptor potential and impulse discharge. B. Repeat of experiment after removal of lamellae. C,
Sensitivity of Pacinian corpuscle to vibratory stimulation at different frequencies. Sensitivity of

Meissner’s corpuscle is shown by dotted line. (A, B based on Loewenstein, 1971; C modified from
Schmidt, 1978)




Smyslovy prah
Zesileni, sum

Casova a prostorova sumace snizi prah, ale zhorsi rozligeni.

Psychometricka krivka

c
%
@
©
.-—
o
=
3
e
Q.

Threshold Stimulus
intensity

Figure 3.1 Psychometric curve. The threshold is defined as
the intensity when half the responses are correct. The position
of the curve on the ordinate is arbitrary. It will shift to the right
or left according to circumstances



Citeni pres TRP kanaly:
TRP — transient receptor potential




TRP - 1969; Transient Receptor Potential — Prechodny receptorovy potencial,
misto trvalé odpovéedi na trvalé svétlo
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Cs cC1

VS (ECaC1. GoT2) < 6> N TRP kanaly kromé fotorecepce Dros.
/ C
Vanilloid ve(Ecac2. cat1) \ /

Receptor

/ mTRPC2 uman TRPC2 fidi mechanorecepci
Glassical (short) hadatka, octomilky, mysi, Clovéka. |
TRPC Byly popsany v receptorech bolesti a

eSS teploty.

U mysi TRP zprostifedkuji vnimani

nékterych chuti.

1 {UNIVERZALNI role ve smyslové
| transdukci

10 [FRE) vmits

——l

| pn
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>| [
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Vice nez 50 TRP kanalti u kvasinek, hlistti, hmyzu, ryb a savcu.



3 Urovné organizace sensorickych systémd

A) Receptory

C) Sensoricka percepce

Jesté pred vznikem digitalniho zapisu se informace na periferii zpracovava.



Konvergence, receptivni pole, zpétna vazba, synteza,
centrifugalni vedeni
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Specitic Non-specific
Sensory (Muitimodal)
Pathway Pathway




Receptivni pole — rlizné velikosti

5 s < 3 ¥ h’ - vy
Touch receptor B

Touch receplor A

NEUROBIOLOGY
Gary G. Matthews

Blecvnel
Sconce




Receptivni pole — rlizné velikosti

Velikost se mize dynamicky ménit-sitnice

a b c d e f g

Receptor  Hair follicles Meissner Pacinian Merkel cell- Ruffini C-fibre LTM Mechano-nociceptor
subtype corpuscle corpuscle neurite complex corpuscle Polymodal nociceptor
Skin Light brush Dynamic Vibration Indentation Stretch Touch Injurious forces

stimulus deformation depth \ ?y
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objects body contact when form and texture  motion, hand shape

grasping an object perception and finger position
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Shodna architektura sensorickych drah — shodné pozadavky

Ho;i'zontal
Cell

Periglomerular
Cell

Bipolar
Cell

B {@)“ | Mitral
Granule Cell
Cell |

Amacrine
Cell

A. RETINA B. OLFACTORY BULB

Comparison between simplified basic circuit diagrams of the vertebrate r
bulb. (After Shepherd, 1978)



Lateralni inhibice

a) ) b) : Vystup na
Osvétleni sitnice & sluchovém

S N
Lateralni
inhibice
viaskovych

bunék ucha

Lateralni
inhibice [
fotoreceptoru

Vystup na

zrakovém
nervu
Z

vukoveé vibrace
i

Obr. 4.17.Vyznam lateralni inhibice pfi zpracovani smyslovych vstupu. a) Kontrastni pfrechod mezi osvétlenou a neosvéetlenou sitnici je
jesté vice zvyraznén. b) Misto sluchoveho aparatu (hlemyzdeé), kde jsou zvukové vibrace maximalni, je zvyraznéno proti méné vibrujicimu
okoli — kontrast je jesté ostiejsi.




Lateralni inhibice

Tonic level

Primary —
sensory
neurons (.

Frequency of action potentials

h 4

Pathway closest
to the stimulus
inhibits
neighbors.

h
Inhibition of lateral
neurons enhances

perception of
stimulus.

Frequency of action potentials

Copyright © 2007 Pearson Education, inc,, publshing as Benjamn Cummings




Lateralni inhibice

—® Excitatory synupse
—— Inhibitoery synapse

4
Stmulus ON

order

A
Second-
meurons

Gary G. Matthews
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Fig. 10.6 Enhancement of spatial contrast in Limulus eye. A. Surface of Limulus eye, with
superimposed rectangular stimulus pattern; pattern is divided into lighter (left) and darker (right)
regions. Pattern is centered on test ommatidium (X ). Arrows show directions in which the test
pattern was displaced, to produce lower curve in graph in B. B. Recordings of spike frequency in
axon from test ommatidium in A. Lower curve: responses to rectangular test pattern in A. Upper
curve: responses to small spot of light, at high and low intensities corresponding to those of test
pattern (see insert). The differences between the two curves illustrate that lateral inhibition enhances
the response on the light side of an edge (because there is less inhibition from the more darkly lit
neighbors to the right) and depresses the response on the dark side of an edge (because there is
more inhibition from the brightly lit neighbors to the left). (From Ratliff, 1965)
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Topografie drah a poli - Sensorické mapy
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Sensorické mapy
- somatotopie

- retinotopie

- tonotopie

- chemotopie
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Axony. jednotlivych drah se krizi'v. centralni rovine pred
vstupem do; thalamu.

Zrakova, sluchova i somatosensoricka draha.
Cichova a chutoya draha ne.
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V' ramci jedne modality: vedou paralelnr
drahy. — mozna kvuli vetsi' rychlosti
Zpracovani, mozna rtzny: puvod.

Sluch: pozice zdroje a parametry zvuku
jSou zpracovavany: oddelene

Zrak: oddelene se vyhodnocuje barva,
<ontury, PONRYD, pozice

Ukol pro) GNS' zpétné je integrovat do
jednoho celku.




Kazdy sensoricky systém (kromé Cichu) ma sva specificka jadra v thalamu.

A. Somatosensory B.  Auditory

Somatcsensory
Audito
or?ex 24

Medial
S geniculate
\ nucleus
Ventropostero-
tateral nucleus

A" Inferior
[,/ s \—colliculus LY L d
TR Fovee Retina

Fenpnen

Nuclei of
the fateral
iemniscus

frequency \ /
\‘ -
Superior

olivary
nuclei




3 Urovné organizace sensorickych systémd

A) Receptory
B) Sensorické obvody a drahy



Sensoricky kortex

Primarni a sekundarni (asociacni, interpretacni) oblasti kiry.
Princip paralelnich rysovych analyzatorl — specialistd na linie,

barvy, tony, vzdalenosti, sméry pohybu atd. Hierarchické
skladani do celku

Central Primary somatosensory
sulcus

Somatosersory association

Visual
association

Primary
visual

Sylvian Primary Wernicke's area
fissure auditory



http://sites.sinauer.com/wolfe3e/chap1/sensoryareasF.htm
http://sites.sinauer.com/wolfe3e/chap1/sensoryareasF.htm

Co vnimame, kdyz slySime a vidime? Psychofyziologie.
Velka uloha zkusSenosti a interpretace.

Vjemy jsou automaticky zarazovany, aktivne interpretovany.
Identifikace, emoce, pamét.
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Kam'se toCi?



http://www.stribro.net/2007110002-pro-vas-usmev-test---kam-vidite--ze-se-toci-.html

Vjemy: z rtznych smyslti se; integruji
lluze s gumoyvoeu rukeu— zrak a hmat

spolupracuji na vaimani' pelohy. tela v
prostoru


http://sites.sinauer.com/wolfe3e/chap13/rubberhandF.htm
http://sites.sinauer.com/wolfe3e/chap13/rubberhandF.htm

Mechanorecepce




o\/edle chemorecepce nejstarsi smysl.

eOdhaluje podstatné vlastnosti prostredi. Sluch, hmat, rovnovaha,
zrychleni, propriorecepce, osmorecepce, hygrorecepce?
magnetorecepce?

eKonzervativni molekularni mechanismus

Typicky rychlé, ionotropni fizeni kanald, ale:

- Mechanické podnéty mohou zapinat a vypinat geny. V mnohobunécné tkani je
kazda bunka v kontaktu se svymi sousedkami i s okolni extracelularni hmotou
prostfednictvim mnoha typt prilnavych molekul, které prenaseji mezi burikami
nejen chemické signaly, ale i sily mechanické a deformacni. VétsSina bunek neni
schopna dlouhodobého Zivota, pokud postrada mechanické kontakty, at' uz s
okolnimi burikami nebo s pevnym povrchem.
- Mezenchymalni kmenové bunky nasazené na podlozky rlizné mechanické tuhosti
diferencuji na rlizné bunécné typy. Na mékkych podlozkach se méni v neurony, na
stredné tuhych podlozkach ve svalové buriky a na nejtvrdsich v kostni buriky.
(Vesmir 3, 2010)



Mechanorecepce muze pfimo fidit expresi
Napf. rast svall (IGF —insulin-line growth factor)

(1) Stretching a cell changes the shape of
Growth the cytoskeleton, stimulating a

IGF-I

I\D @ factor membrane-bound mechanoreceptor,

\ receptor which activates a protein kinase.
Q

(7 (2) Cytoplasmic target proteins, including
transcription factors, are
phosphorylated. This enhances the rate
of expression of genes encoding
regulatory proteins, such as IGF-II.

(3) After export from the nucleus, the
mRNA for the protein is translated in the
rough ER, and packaged into transport
vesicles.

O Vesicles fuse to the plasma membrane,
causing exocytosis of IGF-II.

; (5) Once IGF-II binds its receptor, it
i activates another protein kinase.
Transcriptiop##~
factor
v / St e 6 Phosphorylation of other transcription |
G il e factors leads to a change in expression |
SNe of genes for muscle-specific proteins. |

1
Flgure 5.33 Control of gene expression by stretch receptors Some muscle
,L_Ills sense the degree of stretch and respond by a cascade initiated by stretch receptors and
CUlminating in changes in muscle gene expression.

Moyes



Cells are continuously subjected to mechanical forces that influence cell division, gene
expression, cell migration, morphogenesis, cell adhesion, fluid homeostasis, ion
channel gating and vesicular transport. The rapidly growing field of mechanobiology is
focused on investigating the influence of mechanical forces on cellular and molecular
processes. The primary motivations of mechanobiological investigations are to uncover
the mechanisms that enable cells to sense, transduce and respond to mechanical
stimuli, as well as to characterize the mechanical properties of molecules and cells.

Nanoscopic changes in plasma membrane stress and tension can influence ion channel
activity, synaptic vesicle clustering, neurotransmitter release and axonal growth cone
dynamics.
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Mechanical forces are generated
and transduced in neurons. a | The
cell body of a neuron, showing cellular
and molecular components that
transduce or sense micromechanical
forces. The components illustrated,
such as the plasma membrane, ion
channels, actin filaments, microtubules,
neurofilaments, motor proteins,
spectrins, integrins, extracellular
matrix, lipid rafts and osmolarity, have
key roles in neuronal and glial function.
b | A neuron or glial cell showing
several properties of plasma
membranes, including the bending
(KB), compression (AC) and area
expansion (KA) moduli. Stalling (/stall)
and buckling (Auckle) forces act on
actin filaments, and microtubules and
neurofilaments interact and exert
pushing (Apush) and pulling (Apull)
forces. Adhesion forces (Fadhesion)
generated by cell adhesion molecules,
such as integrins and cadherins, couple
cells together. In addition, interaction
(Anteract) and hydrophobic matching
(Amatch) forces are generated by the
inclusion of a protein, such as an ion
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Box 1 | Experimental strategies to probe mechanotransduction

The development of various 8 Celi-based assays

techniques for studying mechano- Stretchofa _
transduction has opened up new patch mmbrane MOZEZ;‘:”‘F/:;UW
pathways for the investigation Hypotonic cell swelling ‘ P P

of molecular mechanismsof .- [
mechanosensation. These 4
techniques can be used to bridge
the gap between the properties
of mechanotransducer currents
invitro and the characteristics of
mechanoreceptors in vivo.

o
Z - M
‘Crenators .

_____

Magnetic
particle

formers

Cell-based assays

Several types of mechanical
challenges can be used to activate
mechanosensitive channels (see
the figure, part a). These strategies
are based on membrane
deformation, yet each has the
potential to recruit different
populations of mechanosensitive
channels.

Membrane
stretch using
a magnet

Membrane
protein

¢ Stretch of the >

seeded surface

b Whole-cell mechano-clamp

8.5 um

Motor-driven pressure. Focal
deformation of the plasma
membrane uses an electrically
driven mechanical probe. This
technique can be applied to cell
bodies and neurites of sensory

neurons in vitro*-%,

Stimulus
(1m)
[NV e N{e]

| 200pA

100 ms
Cell stretch. Two methods are
commonly used — surface
elongation of a flexible silicone
elastomer substrate on which
cells have been seeded®” and
application of positive or negative
pressures to a patch membrane
through a patch pipette?®138.159,
Arecently developed, related technique consists of stimulating neurites of cultured dorsal root ganglion (DRG) neurons
through indentation of an elastomeric substrate adjacent to the neurite with a mechanical probe!®.

Stimulus
(um
o wWwo

500

20 ms




Fluid shear stress. Shear stress can be generated by changing the perfusion flow and/or the viscosity of the perfusion
solution. DRG neurons are sensitive to fluid-flow changes®.

Crenators and cup formers. Anionic and neutral amphipathic compounds, such as free fatty acids, trinitrophenol and
lysolecithin, preferentially insert in the outer leaflet of the membrane and induce the crenation of the plasma membrane.
Conversely, positively charged amphipathic compounds, such as chlorpromazine and tetracaine, insert in the inner leaflet
of the bilayer and cause the cell to form cup shapes. Such amphipathic molecules have been shown to regulate the
activities of the MscL ion channel*** and of the two-pore domain K* channels TREK1 and TRAAK*?-19,

Osmotic challenges. Hypotonic conditions induce cell swelling, whereas hypertonicity causes cell shrinkage. Thus, owing
to deformation of cell morphology and lipid bilayer tension, osmotic variations are considered by some researchers as a
type of mechanical stimulation®. However, note that osmotic stress does not create uniform tension in the cellmembrane
and causes cytosolic alterations, including intracellular calcium elevation and exchange of osmolytes that complicate
data interpretation®.

Magnetic particles. This technique uses magnetic particles to apply forces to cells'®. Magnetic particles can be coated
with specific ligands, including adhesion molecules and antibodies, which enable them to bind to receptors on the cell
surface. An applied magnetic field pulls the particles so that they deliver nanoscale forces at the level of the
ligand-receptor bond.

Whole-cell mechano-clamp
Mechanical stimulation of DRG neurons using an electrically driven mechanical probe can be achieved during patch
clamping. This technique involves the attachment of a glass micropipette to the surface of the cell membrane. It permits
high-resolution recording of single or multiple ion channel currents flowing through the membrane. The microphotographs
in part b of the figure show patch clamping of DRG neurons with small (upper panel) and large (lower panel) cell body
diameters. Mechanosensitive currents (lower traces) activate gradually as a function of the stimulus strength (upper
traces). The blue trace highlights the current evoked by the 8.5-um stimulus.




E. Coli jako model pro
vyzkum molekularniho
mechanismu

Culture in
cephalexin

Treat with
EDTA/Lysozyme

Patch clamp

(d)

Figure 5.1 Patch-clamping E cofi. (a) E. coli cell. (b) Cultured
in medium containing cephalexin and forms lengthy filaments.
(c) Filament treated with EDTA/lysozyme and rounds-up to
form large spheroplast. (d) Microelectrode (tip diameter about
0.5 mm) inserted to form a patch-clamp. Further explanation in
text
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SavCi osmosensitivni bunka hypotalamu — napojeni na
hormonalni osy vodniho hospodareni.
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_ . , : . y
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1906 - vpredu jinak nez vzadu
1969 — potencialy

Ca tok vpredu, K vzadu

Anterior stimulation

Posterior

S 0
E
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Figure 5.2 s
Ll Touch responses of Paramecium =
/ s Stimuli were produced by an elec-
& trically driven microstylus that
i o was pressed up against the cell, Posterior stimulation
s - The timing and relative ampli- () [~ e - e
| = tude of the stimuli are shown in
Vs the traces below each of the elec- (= -
trical recordings. Two amplitudes k)
of pressure were applied at each & —20 -
location. (From Eckert, 1972.) :'g ==
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Caenorhabditis¢legans (hadatko)
960 bunek RN\ ~ :
302 neuronu
1998 genom

"
~N
.

Figure 7.1 Caenorhabditis elegans. This worm is about
20(_)mm in length. .C. elegans consists of 959 somatic cells of
which 302 constitute the nervous system. The body is

Uansluce_nt and many of its cells can be distinguished in the
iving animal. Reprinted from J. G. White, 1985, '‘Neuronal
connectivity in Caenorhabditis elegans’, Trends in Neuro-
sciences 8, 277 with permission from Elsevier Science




Jemny dotek na hlavu zpdsobi obraceni pohybu a dotek na zadni ¢ast zplsobi pohyb
vpred. Byl zkouman velky pocet mutaci, které zplsobi poruchu tohoto zakladniho
chovani. Bylo vytipovano 15 gend, které zplsobi ztratu mechanosensitivity, aniz by

byla zasazena schopnost pohybu. Dostaly jméno mec geny a proteiny, které koduji
MEC proteiny.

Forward movement
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6 hmatovych neuronl se svazky mikrotubull

Po vyrazeni kolchicinem, laserem, mutacemi ztrata citlivosti

Figure 2 C. elegans touch-receptor structure and a Cuticle
transduction model. a, View of C. elegans showing
positions of mechanoreceptors. AVM, anterior ventral
microtubule cell; ALML/R, anterior lateral microtubule cell
left/right; PYM, posterior ventral microtubule cell; PLMUR,
posterior lateral microtubule cell left/right. b, Electron
micrograph of a touch-receptor neuron process.
Mechanotransduction may ensue with a net deflection of
the microtubule array relative to the mantle, a deflection
detected by the transduction channel. Arrow,
15-protofilament microtubules; arrowhead, mantle.
Modified from ref. 3. ¢, Proposed molecular model for
touch receptor. Hypothetical locations of mec proteins are b c Extracellular anchor
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Figure 7.3 Ultrastructure of C. elegans touch receptor
neuron in transverse section. The neuron is surrounded by a
connective tissue mantle and is attached to the cuticle by a
‘fibrous organelle'. It contains a bundle of microtubles (each
composed of 15 protofilaments (pf)). After Tavernarakis and

Driscoll, 1997



Extracellular anchor

: (MEC-5)

Transduction channel Extracellular link
(MEC-4, MEC-67,
MEC-10)

L
SN V44U

Stomatin-like
(MEC-2)

Microtubule (MEC-7, MEC-12)

Kdyz byla prokazana ztrata citlivosti u nékteré mutace, zjistovalo se, ktery to byl gen a
ktera bilkovina. Bylo definovano nékolik proteind tvoricich kationtovy kanal. Jak MEC-4
tak MEC-10 patri do velkorodiny pribuzné s podjednotkami savCiho Na kanalu. Kdyz jsou
MEC-4 a MEC-10 exprimovany v oocytu Xenopus je mozne pomoci voltage clamp merit
jejich otevreni — proudy pri urCitém potencialu. Zadné napét'ove sensitivni kanaly se pak
neuplatiuji a vSechny zmény iontovych tok& jdou na vrub mechanickému podrazdéni.

- dalsi vyznam Voltage clamp pro membranovou fyziologii
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Extracellular
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NH»

Intracellular COOH

Figure 7.4 Transmembrane topology of the MEC-4 protein.
There are two transmembrane domains and a small mem-
brane insertion just before the second transmembrane helix.
The bulk of the 768 residue protein is, as indicated, in the
extracellular space. When Alanine;,, (Ala) is replaced by a
bulkier amino acid cell death ensues. After Tavernarakis and
Driscoll, 1997




Pressure

Cuticle Cuticle *****

Mantie

Mantle

Cytoplasm
Figure 7.6 Conceptual model of C. elegans touch receptor. Explanation and nomenclature in text. From N. Tavernarakis and M.
Driscoll, 1997, ‘Molecular modelling of mechanotransduction in the nematode Caenorhabditis elegans', Annual Review of
Physiology, 59, 679. With permission, from the Annual Review of Physiology, Volume 59, «1997, by Annual Reviews

Proud vyrazné vzroste, kdyz se exprimuje jesté i MEC-2. Podobné je to s MEC 6 kou.
Jak je tedy cely komplex pospojovan dohromady neni dosud zcela jasné, ale
pravdépodobné MEC-1, MEC-5 a MEC-9 jsou organizovany tak, ze prenaseji tlak

z kutikuly na MEC-4 a oteviraji Na kanal. Tento mechanicky prenos je funkcni jen tehdy,

kdyz je kanal ukotven z intracelularni strany na mikrotubuly cytoplasmy.

Dale se uplatni MEC 7 a 12 coz jsou tubuliny, 5,1,9 jsou extracelularni, exkretované do
prostoru okolo sensorickych vybézka.



Behavioralni skrining
a elektricky zaznam z brvy

Mutanti NompA a C

Necitlivi na dotek, ale i
. s 4 Figure 6.3 (a) The figure shows the brushwork of sensilla at
nekoord!novanl d hlU’SI y the articulation of the second leg of the cockroach, Periplaneta
NompA je extracelularni gn}er/tcane:t.. T'he thnckb cuticle of the pleuron (pl) thins to a
1 elicate articular membrane and then thickens again to form the
kotva a NompC Je TRP cuticle surrounding the coxa (cx), the first segment of the leg.

The brush of sensilla forms a hairplate (hp). From Pringle, 1938

qu LrOsopnid b e-receptol model,
a, Lateral view of 0. melanogaster showing
the hundreds of bristles that cover the fly's
cuticle. The expanded view of a single
bristle indicates the locations of the
stereotypical set of cells and structures
associated with each mechanosensory organ.
Movement of the bristle towards the cuticle of
the fly (arrow) displaces the dendrite and
elicits an excitatory response in the
mechanosensory neuron. b, Transmission
electron micrograph of an insect mechanosensory
bristle showing the insertion of the dendrite at the base of

Endolymph

Cuticle

= =HI TIT

the bristle. The bristle contacts the dendrite (arrowhead) i I =
1 H Lﬂ_l_ﬂ_m.‘ 'D- =
so that movement of the shaft of the bristle will be o gu_ Extracellular link
detected py the neuron. ¢, Proposed molecular modgl of Non-adapting = 2 Adapting
transduction for ciliated insect mechanoreceptors, with transduction transduction
the locations of NompC and NompA indicated. channel b channel (NompC)
it b i
JIdeds 41244 AIdI
: Adaptation
Intracellular link machinery
mv lr X XXX : Y J




Drosophila:

TRP kanal

Shodny predek s vlaskovymi bunkami
obratlovc(

Obecné schéma mechanorecepce:
Ionotropni, ukotveny, adaptabilni

<«—— Deflection ——

Extracellular anchor

Extracellular link

Membrane

i

Transduction
channel

Intracellular link

Cytoskeleton

Figure 1 General features of mechanosensory transduction. A
transduction channel is anchored by intracellular and extracellular
anchors to the cytoskeleton and to an extracellular structure to which
forces are applied. The transduction channel responds to tension in the
system, which is increased by net displacements between intracellular
and extracellular structures.
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Figure 3 | Mechanisms of mechanotransducer current desensitization. Desensitization of mechanosensitive
currents manifests as a decline in response to sustained application of the mechanical stimulus. The different
desensitization rates of mechanotransducer currents relate to their functions as sensors of phasic and tonic stimuli, and
contribute to the extraction of biologically important information from the stimulus. a | A series of mechanical stimuli
applied in 0.7-pum increments in a rat dorsal root ganglion neuron elicits a family of rapidly adapting mechanosensitive
currents. b | A conditioning stimulus of increasing duration causes desensitization, manifested as a decrease in the current
response to subsequently delivered test steps. ¢ | Current—stimulus (I-X) relationships derived from (b) at different times
after the onset of the conditioning stimulus illustrate the effect of desensitization. In particular, the conditioning stimulus
shifts the activation curve rightward (adaptation) and reduces its amplitude relative to the control relationship
(inactivation). d | A cartoon representation of the main states of mechanosensitive channels in sensory neurons.
Mechanical forces are conveyed to the pore-farming structure through an elastic element or gating spring, which can be
a cytoplasmic domain bound to phospholipids and/or cytoskeletal elements or an associated protein. When the gating
spring is stretched, channel domains are pulled apart, favouring the open state. As force is maintained, the channel either
inactivates, possibly via a ball-and-chain mechanism, or adapts. The inactivating ball could be either a cytoskeletal
element or part of the channel protein. During adaptation, the stiffness of the gating spring remains constant but the
channel reverts to a closed conformation. cT, conditioning time; |m, maximum current. Figure is modified, with

permission, from REF. 51@ (2010) Society for Neuroscience.
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S exoskeletem — Hmyz

Kloubni Spojen I rhigure 6.l3 (a) The figure shows the brushwork of sensilla at

{ e articulation of the second leg of the cockroach, Periplaneta
d proprloreceptory americana. The thick cuticle of the pleuron (pl) thins to a
del!cate articular membrane and then thickens again to form the
cuticle surrounding the coxa (cx), the first segment of the leg.
The brush of sensilla forms a hairplate (hp). From Pringle, 1938

qure LrOsopnid b e-receptol model,
a, Lateral view of 0. melanogaster showing
the hundreds of bristles that cover the fly's
cuticle. The expanded view of a single
bristle indicates the locations of the
stereotypical set of cells and structures
associated with each mechanosensory organ.
Movement of the bristle towards the cuticle of
the fly (arrow) displaces the dendrite and
elicits an excitatory response in the
mechanosensory neuron. b, Transmission
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Aktivni zvirata potrebuji informace o poloze téla a koncetin
S exoskeletem odlisné od endoskeletu

Figure 6.1 Schematic drawing of the stretch receptors in the abdominal se
RM2 = receptor muscles 1 and 2. SN1 — slow adapting sensory neuron; SN = fast adapting sensory neuron;
fibres; Mo1 = three thin motor fibres to RM1; Mo2 = thick motor fibre to RM2: J — inhibitory fibre.
Section 1, Volume 1, Neurophysiology (1959), p. 378. Reproduced by permission of The America

Svalova propriorecepce raka, pod pokozkou larev hmyzu

gments of the crayfish, Astacus fluviatilis. RM1,
S1, 82 = sensory
From Handbook of Physiology,
n Physiological Society

Jiny typ recepcni buniky — multipolarni neuron s dendrity plnymi mikrotubulG



Dost velké pro elektrofyziologii
V- clamp

Svalova propriorecepce raka

Figure 5.10

Single-channel recordings from crayfish
stretch receptors  On-cell patch recordings
made from the cell body and main dendrites
of stretch receptors. Channel openings were
produced as in Figure 3.4 by the direct appli-
cation to the patch pipette of suction from a
calibrated pressure transducer. The amplitude
of suction is given to the left in units of mil-
limeters of mercury (Hg). Pressure was

applied continuously for the
duration of each record.
Patches were voltage-clamped
at the resting membrane
potential (for SA) and 50 mV
negative to the resting mem-
brane potential (for RSA).
(From Erxleben, 1989.)
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Zivot bez ,obrazu o viastnim téle"

12.1 Living Without Kinesthesis

Close your eyes. Now cross your legs. Tap your foot. Raise your left hand.
Touch your nose with your right index finger. These tasks shouldn't be too
difficult (unless you're just back from a night on the town).

But at the age of 19, Englishman Ian Waterman suffered a viral infection and
lost the ability to do these things. Not because he was paralyzed: his
muscular control was unaffected by the infection. What was affected was his
sense of proprioception, a word that literally means "sense of self," but is
used by psychologists to describe our perception of where our body parts
are. Proprioception, like its sister sense kinesthesis, is driven by
somatosensory receptors in our muscles and joints, and the nerves
connecting Waterman's proprioceptive receptors to his brain had been cut
off.

Waterman was initially confined to a wheelchair because of his condition, but
over a number of years he eventually learned to use his eyes to tell him what

he watches his legs move and puts one foot down when it moves in front of
the other.

Waterman's case is described in a book called Pride and a Daily Marathon,
by his physician, neurologist Jonathan Cole. A summary of the case is
available in an archived article in the APA Monitor, linked below.
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Receptory on-line

http://www.sinauer.com/wolfe3e/chap12/ssreceptorsF.htm
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http://www.sinauer.com/wolfe3e/chap12/ssreceptorsF.htm
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Paciniho télisko a vliv kapsule na adaptaci

274 SENSORY SYSTEMS

A NORMAL CORPUSCLE B DESHEATHED CORPUSCLE C THRESHOLDS FOR VIBRATORY STIMU

20

Recordings:

Receptor Potential 25

Threshold (gm)

50 100 260 400
Frequency of Sinusoidal Stimulus (Hz)

LA

Impulse Response

o F—— e F—

Stimulus Monitor

Fig. 12.5 Experimental analysis of transduction in the Pacinian corpuscle. A. Diagram showing
probe for stimulating the intact corpuscle, and recording from the nerve. (Below) recordings of the
receptor potential and impulse discharge. B. Repeat of experiment after removal of lamellae. C,
Sensitivity of Pacinian corpuscle to vibratory stimulation at different frequencies. Sensitivity of
Meissner’s corpuscle is shown by dotted line. (A, B based on Loewenstein, 1971; C modified from

Schmidt, 1978)
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Proprioreceptory
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Plasticita
somatosensorické kiry

Reprezentace se meni
podle pouzivani

Houslisté, slepci

Figure 7.16 Mouse whisker barrels. (a) Head showing five
rows of vibrissae. (b) Section of cortex showing ‘barrels’, each
corrresponding 1o one whisker, (c) Diagram to show the
organisation of the whisker barrels. (d) Diagrams to show the
effect of removing whiskers. (i) Full set of whiskers, full set of
barrels; (if) one row of whiskers removed, unaffected barrels
grow Into teritory of unused barrels; (i) one column of
whiskers removed, again unaffected barrels colonise space left
by missing barrals; (iv) total removal of whiskers; loss of all
barrels. A, B, and C from Woolsey & van der Loos, 1970: with
permission. D from Cowan, 1979: with permission




