Vyuka histologie pro studenty
fyzioterapie, optometrie a ortoptiky

* FYZI — prednasky, praktika  (prezuvky)
« OPTO, ORTOQO — prednasky



Ukonceni pfredmétu

« FYZI « OPTO, ORTO
- test v poslednim praktiku = - zkouSka
- zkousSka

Ucebni text:

CECH. Svatopluk a Drahomir HORKY . Histologie a

mikroskopickd anatomie pro bakaldie. Prvni. Brno: Vydavatelstvi
MU, 2004. 137 s. ISBN 80-210-2513-7.

nebo



http://is.muni.cz/osoba/1153?fakulta=1411;obdobi=6144;kod=BKHI021p;lang=cs
http://is.muni.cz/osoba/753?fakulta=1411;obdobi=6144;kod=BKHI021p;lang=cs

web stranka ustavu histologie:

http://www.med.muni.cz/histol/histolc.html

Multimedialni ucebnice (text a atlas):

1. Obecna histologie

2 . Mikr O Sk O p i Ck é ana t()mie PRIIE;:SL?(I))L%Z]:]ENE ANATOMIE
3. Histologicka praktika

4. Embryelogie



http://www.med.muni.cz/histol/histolc.html

Histologie

Rozdéleni oboru a jeho vyznam

Cytologie
Zivocisna burika.
Membranova jednotka.
Bunécné jadro.
Zéakladni cytoplazma.
Cytoskelet.
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HISTOLOGIE

nauka o stavb¢é normalnich, tj. zdravych bun¢k, tkani
a organu na mikroskopické a submikroskopickée
urovni

obecna histologie (+ cytologie)

specialni histologie = mikroskopicka anatomie
(stavba organu jednotlivych systému)

vyznam histol. vySetieni v klinické praxi: onkologie
a chirurgie, hematologie, patologie a soudni I¢karstvi
(histopatologie)




Histologie

Jednotky uzivane¢ ve svételné (SM) a elektronové (EM)
mikroskopii

Jednotky Si Symbol a hodnota

mikrometr 1 um = 0,001 mm (10° m)
nanometr 1 nm = 0,001 um (10° m)




Bunka ve svetelnem a elektronovem mlkroskopu

Cast tela multlpolzu*mho somatomotorlckeho neuronu z predlho rohu m1sn1h0 N- Jadro
n - jadérko, * - Nisslova téliska.

Vytez: svételny mikroskop, barveni HE.



Unipolarni neurony z ganglion trigeminale: N - jadro.
Vyftez: svételny mikroskop, barveni toluidinovou modfi.



Bunka

- zakladni funkCni a stavebni jednotka mnohobunééného organizmu,
- za vhodnych podminek je schopna samostatne existence (in vitro),
- vykazuje zakladni vitalni funkce (rist, metabolismus, pohyb,

rozmnozovani, drazdivost)




Zivotnost buniky

Enterocyty — cca 1-2 dny
Leukocyty — cca tyden
Erytrocyty — 3 mésice
Hepatocyty — 1-2 roky

Neurony — cely zivot (desitky let)
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Squamous Epithetium Ciliated Epithelium Columnar Cells
from the Mouth from the Trachea from the Stomach
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Plain Muscle Fibres Muscle Fibres
from the intestine Striped Muscle Fibres from the Heart

Red Bilood White
Cells or Blood
Cartilage Cells Bone Cell Erythrocytes Cell

Dendrite

Axon Jé

Nerve Cell with Axon and Dendrites Sperm
Different kinds of cell found in the human body.
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Stavba bunky

Bunééna membrana

granular
endoplasmic cell membrane

reticulum ===
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smooth
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Ny e F Y reticulum
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nuclear membrane

Laurel Cook Lhowe
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cytosol

BUNKA cytoplazma <~ organely

Protoplazma /

jadro

XA cytoskelet

Inkluze

* Jddro neni organela! Je to jedna ze 2 komponent protoplazmy.



Endoplasmic
reticulum
Microvilli
Golgi complex 35N : S Mitochondria

ﬁ%lg N : e B L o Glycogen
Centrosome S

Lysosome

Pinocytic
veasicle

MNMucleslus

Nuclear membrane

A typical cell as seen under an electron microscope. Note the many mitochondria, popularly known as the
“"power planits of the cell.”” Note, too, the innumerable dots bordering the endoplasmic reticulum. These
are ribosomes, the cell’s “"protein factories.’



Zakladni cytoplazma
(hyaloplazma, cytosol)

- homogenni amorfni hmota -

Koloidni systém o dvojim skupenstvi koloidu:
gel a sol (méni se s hustotou siti vlaken a télisek)

sloZeni:
60 % vody, 4 % mineralnich latek, 36 %
organickych latek (sacharidy, lipidy, proteiny —
albuminy, globuliny, AMK, fosfolipoproteiny).



Bunéfna membrana (plazmalema)

* biomembrana — membranova jednotka:
fosfolipidy, proteiny, cholesterol

 glykokalyx
* tloustka 7 —10 nm

Carbohydrate — Extrinsic
Phospholipid(\) _ protein

OO0O A OOOOOO00

Cytoplazmaticka
membrana

-—Tail
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Intrinsic protein



http://scienceaid.co.uk/biology/cell/transport.html
http://scienceaid.co.uk/biology/cell/transport.html

Extracellular
surface of
membrane

Cholesterol

Cholesterol molecules —

insert themselves into
the lipid layer.

Carbohydrate group —__ 5

N
of glycoprotein 3 9

Carbohydrate group
of glycolipid

Membrane splits
into layers in

freeze-fracture
electron

microscopy.

Proteins

Intracellular
surface of
membrane

— Lipid tails form the interior
layer of the membrane.

- Phospholipid heads face the
aqueous intracellular and
extracellular compartments.

| R_l (Choline)

I

Fatty acid
Fatty acid

Structural model

Phospholipid molecules have polar heads and nonpolar tails.

The "R” group is a variable polar group, such as Choline

— Polar head —
(hydrophilic)

Nonpolar

(hydrophobic)

Molecular models Stylized model
Copyrgtt © 2007 Pearson Educaton, Inc.. publishing as Benjamin Cummings

Fig. 3-5



Funkce integralnich proteintu
v membrané

Pumpy (aktivni transport, vyZaduje energii)
Kanaly (selektivni regulace toku latek)
Receptory (specificka vazba molekul)
Transducery (pienos informaci do buriky)
Enzymy (na membrané buiiky, mitochondrii
a.)

Strukturni proteiny (udrzeni struktury, spojit)



Funkce bunéCn¢ membrany

* selektivni bariéra — regulace pruchodu latek
z/do bunky.

* misto regulaCnich a rozpoznavacich funkci
(receptory, glykokalyx — antigenni funkce)



Cytoskelet

« mikrotubuly (tubulin, @ 22 nm)
[centrioly, bazalni téliska, axonema fasinek a biCiku]

» mikrofilamenta (aktin, @ 5-7 nm)
[subplazmalemalni a intracytoplazmaticke site;
ve svalovych bunkach — aktin + myosin]

 intermediarni filamenta (@ 8-10 nm) — proteiny:
cytokeratin [tonofilamenta v epitelovych bb.]
vimentin [bunky mezenchymového piivodu]
desmin [svalove buiiky]
neurofilamenta [neurony]
gliofilamenta - gliovy fibrilarni kysely protein [neuroglie]
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Cytoskelet

| PSR
25 um

mikrotubuly
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aktinova filamenta

25 nm

Intermed. filamenta

25 nm

mikrotubuly

mikrofilamenta



Mikrofilamenta

5-7 nm
tvorena bilkovinou aktin e

y Filopodium
14 W )4 et '\ Eﬁq‘”&:gg'?g ictti,t”t'/ % Actin filament
. 30%'%\ Ena/VASP tip activity
/ve svalovych bunkach: myo- AL 0 Cobymn
| v Arp2/3 complex

1% EnalASP proteins

filamenta,
v ostatnich: mikrofilamenta/

Lamellipodium
High capping activity
Low Ena/VASP tip activity Nascent filopodium?
Low capping activity
T Ena/VASP tip activity

s membranou asociovana — pohyb P
plazmatické membrany, vybézka
bungk, lokomoce buriky ANAR
3D-sit’ /proudéni cytoplazmy,

udrZeni pozic bunécnych organel/ \ /

\



8 — 10 nm

cytokeratinova — epitelove
bunky

vimentinovd — bunky
mezenchymového puvodu —
hladké svalové, endotelové...

desminova —svalové bunky
neurofilamenta — neurony
gliofilamenta — neuroglie




e (22 nm, tvofeny tubulinem

Mikrotubuly

dute valce, dynamicke
struktury

funkce:

— udrzovani tvaru bun¢k,

— 1ntracelularni transport
sekre¢nich granul

— pohyb fasinek a bi¢iku

— fagocytoza

— pohyb chromosomil béhem
mitdzy — délici vieténko

— soucast centriolu a basalnich
télisek

Microtubule Structure

Heterodimer

alpha-Tubulin

beta-Tubulin

Protofilament

13 fetézcl
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http://www.google.com/imgres?imgurl=http://upload.vipulg.com/Biology/BIOLOGY_Acc_606/Chapter-2final_files/Chapter-2final-6.png&imgrefurl=http://www.tutornext.com/help/secondary-electron-microscope&usg=__pG8D5mKv5o83ex2DL_ieJQYbjds=&h=768&w=475&sz=13&hl=cs&start=23&zoom=1&tbnid=oJtnJa59k0v7iM:&tbnh=142&tbnw=88&prev=/images%3Fq%3Delectron%2Bmicroscope%2Bprinciple%26hl%3Dcs%26biw%3D1001%26bih%3D534%26gbv%3D2%26tbs%3Disch:1&itbs=1&ei=i8A2Tfi9D4r6sgacx8V9
http://www.google.com/imgres?imgurl=http://upload.vipulg.com/Biology/BIOLOGY_Acc_606/Chapter-2final_files/Chapter-2final-6.png&imgrefurl=http://www.tutornext.com/help/secondary-electron-microscope&usg=__pG8D5mKv5o83ex2DL_ieJQYbjds=&h=768&w=475&sz=13&hl=cs&start=23&zoom=1&tbnid=oJtnJa59k0v7iM:&tbnh=142&tbnw=88&prev=/images%3Fq%3Delectron%2Bmicroscope%2Bprinciple%26hl%3Dcs%26biw%3D1001%26bih%3D534%26gbv%3D2%26tbs%3Disch:1&itbs=1&ei=i8A2Tfi9D4r6sgacx8V9
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mikrotubulus:
(13 protofilament)

mikrotubulus
se sklada z 13 protofilament

protofilamentum
se sklada z dimeru tubulinu

v fasince

Mikrotubulus — podéln¢ a pri¢né

triplet
v centriolu



Jadro (nucleus)

fidi a kontroluje ¢innost bunky, ktera je zakodovana v
chromosomech

Pocet jader v bunice

(obvykle: 1, hepatocyty: 2, osteoklasty: 50, svalove
vkakno kosterni: 20 - 40/1 mm délky, lidske erytrocyty
jsou bezjaderné)

Velikost jadra

(ve vétSiné€ bb. 5 — 15 um )

Tvar jadra

(odpovida zhruba tvaru bunky; jadro miize byt
laloCnaté, segmentované)

Vzhled jadra




Funkce jadra a jadérka

« Ridi aktivity buiiky prostfednictvim produkce RNA
(= proteosyntéza) a komunikace s buiitkou pory v
jaderném obalu

* Misto geneticke informace (obsah DNA), kontrola
bunécneho déleni a predavani geneticke informace
dcefinym bunkam

» Jadérko — produkce rRNA ribosomu (bunky s
intenzivni proteosyntézou)



Stavba jadra

Jaderny obal — karyolema

Jaderna matrix — karyoplazma (nukleoplazma)
Chromatin (v interfazi) / chromosomy (pii délenf)
Jaderny skelet

Jadérko(a) — nekonstantni vyskyt



Jaderny obal

« vnéjsi jaderna membrana
(+ ribosomy)

 perinuklearni prostor
(40 — 70 nm Sirka)

* vnitini jaderna membrdna
(+ jaderna lamina)

e jaderné pory (60 — 70 nm
&, s diafragmou)




Jadro a jadérko

zevni membrana
— jaderného obalu

euchromatin

jadérka !
J - 1= jaderny por
fibrilarni centrum
jaderka
drsné
endoplazmatické
retikulum

heterochromatin
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Jaderna matrix a skelet

» Matrix — amorfni substance vypliujici
prostory mezi chromatinem a jadérkem

» Slozeni: proteiny, metabolity a ionty

« Skelet — anastomozujici trabekuly



Chromatin

Dekondenzované chromosomy v interfazi

« Heterochromatin — tmavé hrudky

(spiralizované a dehydratované useky chromosomii)
- marginalni heterochromatin

- karyosomy

- s jadérkem asociovany (perinukleolarni)
heterochromatin

« Euchromatin — svétly, nebarvi se

(aktivni useky chromosomii s intenzivni syntézou
RNK)



Heterochromatin:
1. marginalni, 2. karyosomy, 3. perinukleolarni




Chromosomy

2 — 10 um dlouhé
2 chromatidy

Primarni konstrikce
+ Kinetochora

diploidni sada
2n =46

haploidni sada (}%)
1n =23

auto- a heterosomy



http://www.mqworks.com/shop/chromosome.htm
http://www.mqworks.com/shop/chromosome.htm

(( )t\i( L

i g u

9 10 11 12

TR b Br 18

13 14 15 16 17 18

is 1rI R T l ]
19 20 21 22







Jadérko (nucleolus)

Pocet: nekonstantni (1 — vice), béhem mitozy
mizi v profazi a objevi se v telofazi

Velikost: 1 — 2 um
Tvar: stéricky
Slozeni: RNA, proteiny, DNA

jadérko neni ohrani¢eno zadnou membranou



J adérko

Struktura

— fibrilarni centra (DNA)
— pars fibrosa (RNA)

— pars granulosa (RNA)

— perinukleolarni
chromatin /asociovany

s jadérkem/

Funkce

— misto syntezy a
dozravani rRNA




Typy jadérek

« Retikularni
(s nukleolonemou)

» Kompaktni

e Prstencité









http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart



http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart



http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
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Jadro v elektronov




