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- Fixace: Du Noyerova fixaz (96% alkohol a kysellna octova ledova, 3:1)
- Barveni: ORCEIN - larvy v orceinu cca 20-40 min, potom do PBS

Na ocistene podlozni skliCko pinzetou pfeneseme larvu, pfikapneme
PBS. Larva nesmi vyschnout!

Pracujeme pod preparacnim mikroskopem. . ....
Odstranime larvé hlavu.
VytlaCime obsah 2-3 télnich ¢lankau.
Slinné zlazy — viz obrazek.

Odstranime zbytek téla z podlozniho skla.
Slinné zZlazy pfiklopime krycim sklickem a pozorujeme polyedrické
bunky s polytennimi chromozomy v jadre.

Zakreslime.
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Bézny svételny mikroskop:
Pozorovani objektu v prochazejicim svétle, svétlo
vstupuje rovnobézneé s optickou osou mikroskopu,

kolmo na preparat.

- mala pracovni vzdalenost %; i

- prevraceny obraz e

- objekty musi byt tenke * .;,
- obraz plochy ! ] .«

Preparacni mikroskop:

Pozorovani objektl v dopadajicim svétle, pozorovani
i velkych objektu, znaéna hloubka ostrosti —
plasticky a neprevraceny obraz povrchu preparatu.



2 slozené mikroskopy (2 okulary a 2 objektivy), optické
oSy sviraji ostry uhel, 2 obrazy raznych stran objektu —
oko vnhima 1 stereoobraz

Pod okulary sklenéné hranoly (Porrova prismata) —
obraceji prevraceny obraz vytvoreny objektivy — v oku
obraz obraz neprevraceny

Svételny zdroj — svétlo dopada pod ruznymi uhly shora
(Ize osvetlit i zdola). Objekt pozorovan v odrazeném
svetle — zobrazeni povrchu (reliéf)

Objektivy s malym zvetsenim — velka pracovni
vzdalenost

Svétly nebo tmavy kotouc€ — svetlé nebo tmave pole



MEIOZA

« 2 bunécna deleni a pouze

1 replikace DNA

* |. redukcCni déleni

(heterotypické)

Profaze: leptotene
zygotene
pachytene
diplotene
diakineze

* |l. redukCni déeleni

(homotypické)
mitdza haploidnich bunek

FILM

Meiosis and Mitosis

Before meiosis or mitosis occurs, the genetic information
contained by each of the 48 chromosomes is
duplicated. As a result of this duplication, two
genetically identical sister chromatids are
created. These sister chromatids are connected
to each other by a centromers.
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In eontrast to mitosis, during
medosis I, the 46 recently duplicated
chromosomes arrange (synapse)
into 23 matched (homologous) pairs.

Meiosis |

chromosomes do

Whibke the duplicated chromosomes
are paired wp, thay exchange genatic

information (crossing over).
The chromosome pairs line up
as they prepare to separate from
one ancther during maiosis |,

&

up as
chromatid

separate from

One member of each of the 23
chromosome pairs goes o
opposite ends of the caell.

4

Meiosis Il

The origin
The original cell divides
into twio new daughter cells.
Each daughter cell contains
23 duplicated chromososmes.,
During meiosis Il, these 23
chromosomes line up as the

contai
genetically

sister chromatids prepare to
separate froam one another.

The centromeres connecting

the 23 pairs of sister chromatids
divide and the chromatids separate
from one another. One membaer of

@‘@
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Al the end of meiosis I, each cell divides into two new daughber
cells. Each daughter cell contains 23 chromosomes. None of the
four daughter cells is genetically identical to the original parent cell.

1 © Clinical Tools, Inc

In contrast o melosis |,

Chromosomes line

One member of each of the
4B chromatid pairs goes to
opposite ends of the cell. l

Mitosis

@D
}

nol pair up.

the sister
5 preparg

The centromere connecting
the two sister chromatids
divides and the chromatids

one ancther.

DR

al cell divides into two new

daughter cells . Each daughter cell

ns 46 chromosomes and is
dentical o the parent cell.




Leptotene

Zygotene Pachytene

Diplotene

Metaphase | Anaphase |

Chromosomal
development during

meiotic prophase
(leptotene, zygotene,
pachytene and diplotene)

and 2 rounds of meiotic —
Interkinesis

Metaphase || Anaphase |l

cell division in mouse
spermatogenesis.
Interkinesis is the
secondary spermatocyte in
interphase between the
first and second meiotic
division.
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Interfaze |

« Jadro a jadérko jsou viditelné.

chromatin karyolema

Cytoplasmatick
membrana

nucleolus



Meioza | ,
Profaze |

v u LR a4

faze (90%). ¢ Homologni chromosomy ¥

« Kondenzace chromozomdu.

 Homologni chromozomy
tvori tetrady.
» Tetradu tvori 2 chromomy

tvereneé celkem 4
chromatidami (sesterské a

nesesterské chromatidy). ‘ ‘ H_/ ‘ ‘

sesterské tetrada sesterské
chromatidy chromatidy




Profaze I

Leptotene
» gpiralizace vlaken DNA a diferenciace chromozému
« Zygotene

 Homologické chromozomy se pfiblizuji k sobé a spojuji se v tzv.
bivalenty nebo gemini.
 Pachytene

 Chromozomy dokoncuji spiralizaci a bivalenty jsou
pozorovatelné jakozto tzv. tetrady - Ctyrchromatidové komplexy.
Nesesterské chromatidy se proplétaji a dochazi ke vzniku
chiazmat (uzlikQ).

* dochazi k tzv. crossing-overu (rekombinuji se ¢asti
homologickych chromatid)

 Diplotene

* UvolAuji se bilkovinné vazby mezi homologickymi chromozomy
a dochazi k jejich postupnému oddalovani. Vzniklé uzliky mezi
nehomologickymi chromatidami jsou stale spojené.

« Diakineze

» pFeusporadani a rozchod homologickych chromozomu,
chiazmata se posunuji na konec chromatid kde zanikaji

Pachylana




Metafaze |

* Nejkratsi faze

« Tetrady serazeny v
ekvatoridalni roviné Orientatace homolognich paru k pélim je nahodna.

metaphase plate metaphase plate



Anafaze |

« Homologni chromosomy
oddeleny a putuji smerem
K polum.
« Sesterské chromatidy
zUstavaji spojeny svymi

centromérami.
— Terminal Sister chrematids
; ‘_“g \ " chiasma KAS\/
RN




Telofaze |

« Kazdy pdl obsahuje
haploidni sadu
chromosomul.

« Cytokineze a vznik 2
haploidnich
dcefinnychbunek.




Meioza li Prophase i

 BEZ interfaze Il nebo velmi kratka (bez replikace DNA. &
nezdvojuje se!) il

 Meiodza Il je podobna mitéze (jen k ni dochazi za haploic ”
chromozom( « Jako profaze u mitozy




Metafaze Il

« Jako metafaze u mitozy

metaphase plate metaphase plate



Anafaze i

« Jako anafaze u mitézy

» Sesterské chromatidy se oddeluji




Jako telofaze u mitozy

Formace jadra Te I Oféze I I
Zacatek cytokineze

! Vznik 4 haploidnich
dcerinych bunék
gamety = spermie nebo
vaji€ka
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MEIOZA

otecowsky
~ homolog

- matersky
homolog

replikace DNA

parovani homolognich
chromosomG a kfizeni

Oy

homologni pary duplikovanych
[ chromosomua se fadl
pfi vifeténku a oddeé&luji se

bunééné déleni |

P

2
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bumné&éné déleni Il
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NORMALNI BUNECNE DELENT

{ replikace DNA

$5°

duplikovaneé
chromosomy

se fadi jednotlivé
pFi wieténku
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{i) Anaphasze Il and
Telophase 11

{j) Germ cells
{1n})

Fig. The steps in meiosis. Steps (a) through (c) are carried out as in mitosis.
HMetaphase {d) differs in two important ways. Each morphologic chromososme
{actually two sister chromatids) aligns at the cell equator with its homologous
partner during synapsis, the stage of chromosome pairing that allows exchange
{crossing over) between the two. Mo division of centromeres occurs, however,
no one homologue {hoth sister chromatids) of a morphologic type goes into one
cell; the other homologue of that morphoelogic type goes into the other cell.
¥Yhich homologue goes to which cell i3 chosen randomly. Thus the genetic material
of each of the two chromosomes of the same morphologic type separates (segregates]l
independently. Because one of these chromosomes came from an eqg and one
originally from a sperm. parental characteristics are reassorted randomly into
each new sperm and egq at the meiotic stage. In the second meiotic division, the
centromeres do divide, and each cell receives one chromosome of each morphologic
type, to become haploid {1n).



VARLE (TESTIS)
Funkce: produkce spermii, produkce hormonu
Mikroskopicka stavba:

Tunica albuginea testis — tuha pouzdro z
kolagenniho vaziva

Tunica vaginalis — naléha na t. a. t. ze zevni strany,
serozni obal

Tunica vasculosa — tenka vrstvicka, ridke
kolagenni vazivo, krevni cévy

Mediastrum testis — na zadnim obvodu, zesiluje .
a.t.

Septula testis — tenké vazivové prepazky, vybihaji
z t. a. do varlete, rozdeleni varlete na 200 -300
lalucka = lobuli testis

V laluccich stocené semenotvorné kanalky — tubuli
seminiferi contorti, v kazdém lalucku 1 — 4 kanalky
— vystlany ZARODECNYM EPITELEM

Intersticium varlete — ridké kolagenni vazivo —
fibrocyty, migrujici bunécné elementy..., endokrinni
intersticialni Leydigovy bunky — produkce
testosteronu

Ductus efferentes Rete testis  / /

Testicular
llobule

Tunica
albuginea

Ductus epididymis
Tubuli recti I




SEMENOTVORNE KANALKY
Sitka — 0,2 mm, délka 50 — 80 cm, mnohonasobné stoéené
Stavba: - zevni vazivova pochva (kolagenni a elastické fibrily, fibroblasty)
- bazalni membrana
- zarodecny epitel — vicevrstevny, spermatogenni bunky, podpurné
buniky = Sertoliho bunky (velké bunécné elementy, nasedaji na BM,
zasahuji az k povrchu epitelu, velké nepravidelné jadro, v apikalni Casti
cytoplasma obklopuje hlavné spermatidy — dozravani, preména na spermie)

\ { Cytoplasmic bridges
é i/

Late spermatid —

— Early spermatids

Early spermatid ——— Secondary spermatocytes

Meiosis

oy

7 Primary spermatocyte

Fxs .
.

£ e
. I3 - 223
Basal lamina t@ b T
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‘1 Spermatogonium
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Fibroblast — '-.;. =
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PR . illaw@

Interstitial cells



Semenotvorné kanalky
(krysa)



Semenotvorny kanalek (krysa)
Two Sertoli cells (elongated cells with oval nuclei and prominent nucleoli) are attached to the
basement membrane and stretch into the lumen of the tubule. A pachytene spermatocyte lies

lower in the seminiferous epithelium than the round spermatids. Elongating spermatids at the
apex are about to be released into the lumen as some already have.

Bar=30 microns
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Embryonalni obdobi: nediferencované kmenové bunky = gonocyty se
diferencuji na semenotvorné bunky = spermatogenni, intenzivni
proliferace

Po puberté: zaCina plynula spermatogeneze, béhem BC se postupnée
diferencuji 3 typy spermatogonii.

« Spermatogonie A — tmava, doCasné neproliferujici, rezervni funkce

« Spermatogonie A — svétla, pokracuje v proliferaci, opakované BC,
udrzuje se konstantni populace techto bunek v zarodecnem epitelu

« Spermatogonie B — zahajuje diferenciaci, vyCleni se z BC a zahajuje
SPERMATOGENEZI.

Spermatogonie:

- malé, okrouhlé bunky, ulozené u BM

- jediny typ bunek, ktery se vyskytuje i pred pubertou

- okrouhlé jadro se skvrnite usporadanym heterochromatinem

- pred délenim diploidni (2n) poCet chromozédmu - 46, 2N — diploidni
mnozstvi DNA



SPERMATOGENEZE

Vyvoj od nediferencované spermatogonie po zralou spermii (cca 64 dni),
zavislost na testosteronu

A. SPERMATOCYTOGENEZE
Rozmnozovani bunek mitoticky a meioticky
1. Perioda rozmnozovani

Ve stadiu spermatogonie, intenzivni mitotické déleni, pres 2 typy
spermatogonii A, spermatogonie B — zahajuji vlastni proces
spermatogeneze

2. Perioda rastu

Spermatogonie B — dlouha S-faze BC, diferenciace na:

Primarni spermatocyt:

- nejvetSi bunky zarodecného epitelu, bliz lumenu

- diploidni sada chromozému 46, mnozstvi DNA 4N

- velké okrouhlé jadro s tmavymi prouzky heterochromatinu (smotana
nit)

- pozorujeme je v profazi 1. meidzy (az 22 dni)



3. Prvni zraci déleni (meiotické)

Profaze I

Leptotene — ztluStovani chromozému

Zygotene — chromozomy tvori homologni pary

Pachytene — chromozomy se zkracuji a ztlustuji

Diplotene — synapse chromozomdu, crossing-over

Diakineze — oddélovani chromozému

Metafaze |.: chromozomové pary se pripojuji na viakna vieténka

Anafaze I: ch. pary putuji k polum, chromatidy v kazdém chromozému
zustavaji spojené

Telofaze I: haploidni sady ch. se oddéluji a bunka se rozdéeli na 2
sekundarni spermatocyty (22 + X, 22 +Y)

Sekundarni spermatocyt:
- Produkt 1. meiotického déleni

- Lezi jeste blize k luminu, na rezech vzacne, po vzniku hned
zahajuje 2. meiotickeé déleni

- Asi poloviCni nez primarni spermatocyt
- Haploidni 23, DNA 2N



4. Druhé zraci déleni

Navazuje bezprostfedné na predchozi, probiha podobné jako mit6za
Vysledek: 4 spermatidy

- haploidni po¢et chromozomu (22+X, 22+Y, 22+X, 22+Y)

- DNA-N

- ulozeny kolem luminu

- malé bunky,tmava jadra, hodné heterochromatinu

Pozn. béhem procesu diferenciace zarodec¢nych bunek od spermatogonii az po
spermatidy — tyto bunééné elementy spojeny plazmatickymi mustky,
samostatné az spermie

B. SPERMATOHISTOGENEZE (SPERMIOGENEZE)
- Bunky se jiz nedeli
- Spermatidy se diferencuji na zralé spermie

- Probiha v apikalni ¢asti cytoplazmy Sertoliho bunék (obklopuje tyto
bunécéné elementy, dodava vyzivu)

- Jader. chromatin silné kondenzuje, jadro se méni na hlaviéku spermie

- Z Golgiho komplexu vznika plochy vacek — akrosom (pfiklada se na
apikalni Cast jadra)

- Centrioly se stéhuji do krcku, proximalni centriol — k bazi hlavicCky,
distalni tvori bazalni télisko axonemy — osoveho viakna

- Zrala spermie: hlavicka, stfedni oddil (krCek, spojovaci oddil), biCik
(hlavni Cast, terminalni Cast)



b8 Spermatogeneze

1]

e - T sperm
— b
—

. haploid (n)

?

diploidni (2n)

4

meiodza | meiodza ll



Acrosomal granule Acrosomal vesicle Acrosomal cap Acrosome

Centrioles Mitochondrion

Residual bodies

Mitochondria Acrosome

e ———y
5 pum

50 um 5pum -

End piece Principal piece Middle piece Head



akrosom cytoplazmaticka membrana

osové viakno

» | I
hlavigka spojovaci oddil bidik terminalni éast bictku

periakrosomalni prostor

A\

-1\ jaderné vakuoly

L\

cytoplazmaticka

memhbrana subakrosomalni prostor

akrosom
vnEjsi akrosomalni
membrana

postakrosomdln l\‘
pochva Y

Pastarior ring - terminalni ast
, b : aderné membran
centriol segmentované ! 4
chordy
groubovita
mitochondrialni
pochva

hladké chordy

W/ dvojice centralnich tubuld

axonamasa AX0Nema
POHLED SHORA BOCHNI POHLED


http://upload.wikimedia.org/wikipedia/commons/a/a5/Complete_diagram_of_a_human_spermatozoa_cs.svg

@’@g Type A spermatogonia
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Type B spermatogonia
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e e ®-e Mitosis

Primary spermatocytes ]— First meiotic division

F Second meiotic division
'-11.

— Residual bodies
> Spermatids
fo ' f
: L L -~ Spermiogenesis
Fodes ) P
COTCOCOCOOOOOOCE — Residual bodies
"\m% @ ——— Spermatozoa )



OOGENEZE

VAJECNIK (ovarium)

w2Zarodeény epitel“ — na povrchu vaje€niku, jednovrstevny, plochy az
kubicky

Tunica albuginea — nepresne ohranicena vrstva husteho kolagenniho
vaziva

Kuara vajeéniku — Fidké kolagenni vazivo, uloZzeny v ném ovarialni
folikuly a jejich derivaty v ruzném stadiu oogeneze
Dren vajecniku — husté kolagenni vazivo

Perioda rozmnozovani:

Z primordialnich zarodecCnych bunék — oogonie; mnozeni mitotickym
delenim

Perioda rustu:

Vznik primarnich oocytu, + folikularni buriky = primordialni folikuly

Primarni oocyty — vstup do prvniho zraciho meiotického déleni



Po puberteé:

pokracovani prvniho zraciho
déleni, zména stavby folikulu

Ovulace:

dokonceni prvniho zraciho deleni,
vznik jednoho sekundarniho

oocytu, druha burika — pélocyt |. A
radu — maly, nefunkcni e |
Druhé zraci déleni — zahajeno _— @ S

hned po ovulaci, dokonceno,
dojde-li k oplozeni

Zraly oocyt + polocyt Il. radu (muze r ® @
se jeSté rozdelit)

2nd meiotic
division l asymmetric



« SPERMATOGENEZE

SPERMATOGONIE

PRIMARNi SPERMATOCYT

Meiosos T

SEKUNDARNi SPERMATOCYT/. .
SEKUNDARNI SPERMATOCYT *

Meiosis IT

4 SPERMATIDY
SPERMIOGENEZE

4 SPERMIE

Spermatogenes|s

« OOGENEZE

OOGONIE

PRIMARNi OOCYT

SEKUNDARNi OOCYT
+

| POLARNI TELiSKO

OVUM

.._ +
>S9
g

2 Il. POLARNI TELiISKO
Polar Bodies S

+
POL. TELISKO + POL. TELiSKO

OOgenesis
1 OVUM



Germinal

Arteries epthelium
and veins w3

R 0090 ord
Medullary { @ @

region

Cortical region <

Corpus
luteum

Ovarium zeny v reprodukénim veku

Tunica albuginea

Corpus
albicans

Primordial
follicles

| Preovulatory
| follicle

Growing follicles
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|Cést ovaria, barveno H&E |




Primordial Oocyte
follicle .

'?‘7 Stromal cells

i

’ Follicular cell
Unilaminar Basal lamina
primary
follicle

Zona pellucida forming

Follicular cell

Zona pellucida

Typy ovarialnich folikuld |

Antrum

Theca interna

Theca externa

Granulosa cells

Mature Theca externa
(graafian)
follicle Theca interna

Antrum

Granulosa
cells

Corona radiata

Cumulus
oophorus



Tunica Germinative
Cytoplasm Nucleus albuginea epithelium

Follicular
cells

Kortikalni oblast ovaria
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Preantralni folikuly




Follicular cells

Docyte

| Oocyt s folikularnimi bufikami, SEM |




Antralni folikul
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BARROVO TELISKO (sex chromatin):

Barvitelny utvar, ktery lze nalézt v
interfaznim jadre somatickych bunék
samic savcll.

Jeden z dvou pohlavnich chromozému X
je trvale ve stavu heterochromatinu,
tzn. je trvale kondenzovany, tzn.
neprepisuje se.

Drive: k urCovani pohlavnich odchylek.

Pr. Klinefelteriv syndrom AAXXY

Turnerdv syndrom AAX..

Turnerav syndro

Klinefelteriv syndrom

Tallar than E—
average haeight

Reduced facial hair ——————®

Reducad body hair

Breast devaloprmant
fgynaecomastia)

Osteoporosis

Feminine fat
distribution

Srmall tastes
(testicular atrophy)




Sterilni Spachtli seSkrabneme z vnitrni
strany dutiny ustni maly kousek tkane.
Preneseme na podlozni skliCko, popf.
zredime slinami.

Prikapneme Lugoluv roztok.

Prikryjeme krycim skliCkem a pozorujeme
s imerzi. Polyedrické bunky, barvitelny
utvar na vnltrnl strane jaderne membrany |




Odkazy

* Flash animace meiozy:

* http://www.stolaf.edu/people/giannini/flashanimat/c
elldivision/meiosis.swf

* http://www.johnkyrk.com/meiosis.html

 mitdza vs. meidza:
http://www.pbs.org/wgbh/nova/baby/divide.html



http://www.stolaf.edu/people/giannini/flashanimat/celldivision/meiosis.swf
http://www.stolaf.edu/people/giannini/flashanimat/celldivision/meiosis.swf
http://www.johnkyrk.com/meiosis.html
http://www.pbs.org/wgbh/nova/baby/divide.html

