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"Hey, kids, see those ghosts?
They touch you, you die."

(6) Centrum pro vjzkum
tondickych Litelk
v prostiedi



."M.w £ o st R s o
N l rnitochondrial '
““‘N

» stav b. kultury reuctase
» hodnoceni experimentalniho zasahu ©_<”’

N\r\f (j/L,r e
Sledované parametry zivotaschopnosti: {L

Mikroskopické pozorovani

Barveni

— Erop[diur;] jodid- fluor. barva- detekce mrtvych bunék (flow cytometrie, po€itani v Buerkerové
omurce

— trypanova modf — barvi mrtvé bunky
Metabolizmus napt. aktivita mitochondrialnich enzymu

- It\)/IT'I: l(<XTT) — spektrofotometrické stanoveni formazanu vznikajiciho ze substratu, nutnost lyzace
uné

— Alamar-blue — fluorescencni detekce pfeménéného substratu v Zivych burikach
— detekce hladiny ATP — napf. cytotoxGlo (Promega) - luminiscence
Integrita membrany

— Laktat dehydrogenaza (LDH) — detekce intracelularni LDH v médiu — marker propustné tj.
porusené membrany

— CFDA-AM - substrat projde naruSsenou membranou — metabolizovan na fluorescencéni formu
Integrita/funkce lysozému

— Neutral red uptake (NRU) — neutralni Cerven projde membranami — protonizace v lysozomech
(kyselé prostredi) — kumulace, spektrofotometricka detekce po lyzaci

Sledovani ristu b. v realném case
— RTCA real time cell analysis (sledovani adheze/rlistu bunék)
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Apoptdza
(Rizena bunééna smrt)

> Kondenzace jadra
> Rozryhovani membrany

> Fragmentace DNA (brzka,
nasobky 180bp)

> Apoptoticka téliska
> Fagocytoza télisek
> Bez zanetu
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Nekréza
(Pathologicka bunécéna smrt)
Bunky se zvétsuji a lyzuji
Lyzat poskozuje okoli — zanet
Nespecificka fragmentace DNA

(pozdni, riznoroda délka
fragmentu)

Rozsireny zanet




« Vnitfni cesta aktivace (intrinsic)- fizena mitochondriemi (uvolnéni
cytochromu C)

* VnéjSi cesta aktivace (extrinsic) — vyvolana extracelularnimi faktory napfr.
TNFa, Fas ligandem

« Hlavni efektory- caspazy (Cysteine Aspartate Specific ProteASES)

Extrinsic pathway Intrinsic pathway

substrates
cleaved substrates

|

manckyml. .
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Testy viability — nespecifické, ZjiStI' pOZan' fazi Anti-PARP Westernblot - Detection of PARP Cleavage by Caspases
apoptozy
caspazy (western blot, biochem. aktivita,
immunostaining)

116 kD

Detekce zmén v membrané (Annexin V — vazba " Fulleagth potin
na membranu apopt. b.)

Detekce uvolnéni Cyt C- ELISA, western blot v
subcelularni frakci

Kondenzace/fragmentace chromatinu- fluor.
barvy DAPI, Hoechst (postupujici apopt.
zvySuje propustnost membrany) mikroskopie,
flow cytometrie, elektroforéza

1078 1=Marker |1X
TUNEL (Terminal deoxynucleotidyl transferase h :Lg;:{:]éwm
(101) mediatec dUITP nick end labeling), TDT 1 ki

navaze znaceny (fluorofor, biotin) dUDP na 3’-
konce DNA
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Table1 | Characteristics of different types of cell death

Type of Morphological changes
cell death
Nucleus
Apoptosis  Chromatin condensation;
nuclear fragmentation;
DNA laddering
Autophagy Partial chromatin
condensation; no DNA
laddering
Mitotic Multiple micronuclei;
catastrophe nuclear fragmentation
Necrosis Clumping and random
degradation of nuclear DNA
Senescence Distinct heterochromatic
structure (senescence-
associated heterochromatic
foci)

Cell
membrane

Blebbing

Blebbing

Swelling; rupture

Cytoplasm

Fragmentation
(formation of
apoptotic bodies)

Increased number
of autophagic
vesicles

Increased vacuolation;

organelle degeneration;
mitochondrial swelling

Flattening and
increased granularity

Biochemical features

Caspase-dependent

Caspase-independent;
increased lysosomal
activity

Caspase-independent
(at early stage)

abnormal CDK1/cyclin B
activation

SA-B-gal activity

Common detection methods

Electron microscopy; TUNEL
staining; annexin staining;
caspase-activity assays;
DNA-fragmentation assays;
detection of increased number
of cells in subG1/GO0; detection
of changes in mitochondrial
membrane potential

Electron microscopy;
protein-degradation assays;
assays for marker-protein
translocation to autophagic
membranes; MDC staining

Electron microscopy;
assays for mitctic markers
(MPM2); TUNEL staining

Electron microscopy; nuclear
staining (usually negative);
detection of inflammation and
damage in surrounding tissues

Electron microscopy; SA-§-gal
staining; growth-arrest assays;
assays for increased p53,
INK4A and ARF levels (usually
increased); assays for RB
phosphorylation (usually
hypophosphorylated); assays
for metalloproteinase activity
(usually upregulated)

CDK1, cycline-dependent kinase 1; MDC, monodansylcadaverine; MPM2, mitotic phosphoprotein 2; SA-B-gal, senescence-associated 3-galactosidase;

RB, retinoblastoma protein.

Okada and Mak, Nat. Rev. Cancer 4:592-603
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YOU HAVE PISHONDRED YOURSELF i DR T2 LI
AND YOUR ORGANISM.

APOPTOSIS
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It's a rather interesting phenomenon. Every timel press this
lever,that post-graduate student breathes a sigh of relief.
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« Testy cytotoxicity — ? Stav bunék béhem experimentu?
« RTCA - informace o stavu bunék po celou dobu experimentu

— Neinvazivni
— Sledovani impedance na zlatych elektrodach na dné jamky
-:';““‘Jlm'  Antimycin A I I 9
“jiim  adminktration Stanoveni:
[ — 300 pM . .
! Cytotoxicita
- Bunécna adheze/proliferace/diferenciace
Aktivace receptoru
e Invaze/migrace
o 18 27 36 a5 54 Vliv ko-kultivace
Time (Hours)
IEI III:I 2I[l B;J' 4‘0 5Il]
Time (Hours)
— 10000 HT1080 Control —— 5000 HT1080 Control

—— 10000 HT1080 + Paclitaxel — 5000 HT1080 + Paclitaxel RTCA Control Unit RTCA DP Analyzer




Migrace/invaze bunék

E-Plate Insert

E-Plate 16 —— \ >-i -
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Vliv ko-kultivace na rust bunék
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(6) ey M 7avislost ristu Leydigovych TM
v prostredi na insert v jejich ko-kultivaci (Albrechtova 2013)
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Studium funkce iontovych kanall v burce

« Zakladni metoda- Patch clamp

— Mikromanipulacni metoda separace oblasti
plazmalemy a studia jeji elektroaktivity

— Umoznuje studovat aktivity celé buriky nebo
jediného kanalu v membrané

Patch-Clamp

INSIDE-OQUT
PATCH

OUTSIDE-OUT
PATCH




« Reporter gene assays

« stanoveni transkripCni aktivity v ramci bunécéné odpovédi na podnét (napf.
aktivace receptoru)

* Vlozeni gen. konstruktu — promotor- reportér- selekcni gen (napf. neo -
rezistence ke geneticinu (G418))

« pfiklady reportérovych genu: R-galaktozidaza; luciferaza; alkalicka fosfataza;
zeleny fluorescencni protein (GFP)

Regulatory sequence to Reporter gene
be studied (e.g. encoding GFP or
(e.g. a gene’s promoter) luciferase) Y VY vligand
“* DNA Cell
l Nucleus
(coactivators)
e mRNA v

v
)
.
A reporter protein uciferin
. Amount is easily measured

(e.g. GFP by fluorescence)

reporter




Hi, my hame is Mark and T
have a point mutation
on ps3....

TRANSGENICS
ANONYMOUS
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* Prenos cizi RNA nebo DNA do eukaryoticke bunky (bez
pouziti viru)
— Stabilni — cizi DNA se zabuduje do genomu (selekCni gen napr.
neo - rezistence k G418)- DNA se pfedava i potomkum

— Docasna (transientni) — DNA neni v genomu, k expresi dochazi
po kratky Cas (24-96 h)

Problém: dostat zaporne nabitou molekulu DNA pres zaporne nabitou membranu
Metody:

fyzikalné (mikroinjekce, elektroporace, na Casticich)

chemicky (pomoci lipidu, soli, makromolekul)

biologicky (viry- transdukce)

Centrum pro vyzlum
tondickych Litelk
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« Chemicka cesta:

— -neutralizace naboje DNA,

« fosfat vapenaty- precipitat DNA nasorbovany na
bunky—inkorporace

 Lipid nebo polymer- obali DNA a je endocytovan

Calcium DEAE-
Phosphate Dextran
DNA
BT ety
ke, - usele,
=2 = =
=" =9 &
(P I oW R
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¥y i “\k % i g\* %
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Vapnikova metoda

Solution A

Flasmid DMN&
calcium solution

Add
Solution A
to Solution B
while
vortaxing

Pl

Solution B
2»% HBS
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Incubate 20 min

Apply
transfection
solution to
subconfluent
cell culture

.
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Incubate 2-12 hr

Replace
transfection
solution with
completa
growth medium

>

Assay for transiant
gene expression

ar

Begin selection for
stable transformants
(24-72 hr
post transfection)



Lipoplex-mediated transfection and endocytosis
Expert Reviews in Molecular Medicine © 2003 Cambridge University Press

Escape from
endosomea

fn/uifus
i‘ DNA
%mﬂ
/

Endosome with

\ lipid mixing

I

DNA
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Elektroporace — pulzy vysokého napeti —
kratkodobé pory v membrané — inkorporace DNA

— Mikroinjekce — transfekce embryonalnich
kmenovych bunék

— Biolistic particle delivery — ,nastfileni® zlatych
nebo wolframovych €astic s DNA do bunék
pomoci genove pistole

— Magnetické koralky — DNA na magnetickych
Casticich — pfenos do buriky pusobenim magnetu

Mucheiv Acid Wagnetofection™.:
s P e e
i.ﬂmml 'r|;l i MaamaniCies
P
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Transdukce

* Transfekce virem (transdukce)

Virus Preparation
@ Transfecta 283 producer
v callling with the gene of
irberest inserted into th
Transfect axpession vectar

hmddq::h Lavem
v prostiedi
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Did you add the
fluorescent dyes
to the cells?

Yes, vut it's so dagik
in hee that 'm not
cue if | did it
ﬁght.

Well, let’s tumn on
the meraury lamp
and see, Okay, hang

33
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3
5 i l Non-radiative
Sy ltransition
X I
: . : — . . 0
* emise svétla po absorpci elektromagnetického zareni
» Citliva a levna detekCni koncovka Absorption
*  Problém:
— fotobleaching ,vysviceni“ — ztrata fluorescencnich vilastnosti Fluorescence
na svetle
— ,quenching“ — zhasinani fluorescence — misto emise se ?
energie pfenese jinam i 3
— autofluorescence vzorku- fluoreskuje neco jiného nez chceme s, 2 ~
— Vhodna kombinace fluoroforu 1
Differential Photobleaching in Multiply-Stained Tissues 0 ———
Ground State
|H Stokes
shift
’% Absorption ——
& femcitation)
E _~ Emission
=
&
_ Spectral
overlap
I I I I
400 500 600 700 800

Figure 1 Wavelength, nm



Reseni autofluorescence

— Fluorescencni polarizace —

Velky fluorofor (GFP)

Maly fluorofor vazany na makromolekulu (fluorofor vazany na
dextran)

- excitace polarizovanym svetlem

velky fluorofor se mezi excitaci a emisi nestinne otoCit— emituje
polarizované svétlo

porovnani intenzity polarizovaného a nepolarizovaneho emisniho
kanalu odhali signal studovaného fluoroforu

swajsiAsoig r



— Casové rozlisena fluorescence (TRF)

* Fluorimetr meri s Casovym odstupem po excitaci
— mereni déletrvajici fluorescence

 VétSina kontaminantu emituje dfive — zvySeni

citlivosti
Background
autofluorescence
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— Fluorescence resonance energy transfer
FRET

» detekce priblizeni dvou fluoroforu napr. vazba
ligandu na receptor

* Donor je excitovan a prenese energii na akceptor

Energy transfer

Donor J(M) Acceptor
fluorescence absorption

[ oo o o Wavelength (1)

-r__. )




Combined Use of Phase Contrast and Fluorescence lllumination

_.n
E
=

g :
-
) Reflected/Transmitted Light Microscope Configuration

\'
- (a) (b) (c)
Figure 3

Field
Diaphragm
Binocular

Reflected Light

Aperture
Diaphragm Lamp House

* Invertovany mikroskop :
— Pozorovani v prochazejicim e NI

Vertical —

SVétle IIIurrlina'tu:nrl

Nosepiece
Slot

— Pozorovani v odrazeném _ ihtamal
4 %4 echanical —= Circuit
svétle (Casto fluorescence) ”cs?a:é g v Sl oo

Centrum pro vizium Fleld — eiters _

toxiciegeh Litek Diaphragm

v prostiedi ) Transmitted Light
Figure 1 Lamp House




Vyuziti vhodnych fluoroforu (DAPI,
GFP,...)

Studium vnitrni struktury bunek
Immunostaining

detector

ocular .
emissian filter

dichroic mimor
——

=

light sourc

excitation filter

objective

specimen



— Eliminuje zkresleni odrazenym svetlem od
nezaostrenych oblasti

— Umoznuje pozorovat material po ,vrstvach® a
slozit vysledny obraz

confocal
non thénmu Itiplier C?_I;l!’?_ﬁal
s > etector
confocal Fathgu.rayﬁ

= Pinhole Aperture

—Barrier Filter
Dichromatic

=—Pinhole

-Objective  Aperture

Specimen
:l— Focal
Planes




Optical TEM TEM

« Svétlo (fotony) neumoznuji
pozorovat objekty s velikosti
blizké jeho vinoveé délce

* Priprava vzorku

— Fixace, barveni tézkymi
kovy,... (biologicky material
je pro e- pruhledny)

« Typy elektronové
mikroskopie

— Transmisni (TEM) —

pruchod svazku elektronu
tenkym vzorkem

— Skenovaci (SEM) —
skenovani povrchu vzorku
svazkem elektronu

— Skenovaci- transmisni HAADF STEM
(STEM) — podobné TEM g
ale obrazky vznikaji
skenovanim

©)
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«  Barveni vzorku pomoci znacenych protilatek Identifikace/lokalizace zajmovych molekul ve vzorku
(kde, kdy, kolokalizace/koexprese)

*  Nutnost mit specifickou protilatku proti zadanému antigenu

Typy znaceni protilatek

»  Fluorescencni —fluorescecni mikroskopie- vyssi rozliSeni

«  Enzymaticka (HRP)- western blot- vySsi citlivost

«  biotin /avidin

Typy barveni:

« Pfimé — znacena specificka protilatka

*  Nepfimé- specificka protilatka + sekundarni znaena protilatka (zesileni signalu + usetfeni za
znaceni ) napf. primarni mysi protilatka proti tubulinu detekovana sekundarni anti-mouse kozi

protilatkou
Vzorky
*  Bunky

« Tkané — anatomické preparaty

«  Proteiny (Western blot) Secondary Ab

A
. Primary Ab

Antigen-antibody complex

Centrum pro vyzlum
toxicikypch Litek
v prostiedi
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Immunohistochemistry Process

Add 17 Add biotimobed 2° Ab Add omplifying strepiavidin

Biotinylated antibody
Biotin-Peroxidase

Avidin

>3

v @A A @
/section

Avidin-bietin complex (ABC) method. The binding of the secand layer of antibodies (bietinylated antibodies) ta the
avidin-biotin-peroxidase complex relles an the strong affinity between avidin and biotin



» Studium suspenznich bunék

» Detekce povrchovych markert bunék
« Detekce intracelularnich faktoru

* Detekce obsahu DNA

Moznost tfidéni do subpopulaci l Sheath

Sample

Acoustic focusing cytometry

® — Capillary

vy

;; Flow Chamber

8 — Cell

— Piezoelectric
ultrasound device

e | aser | |violet)
e | aser 2 |blue]
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- flowcytometrie

Zdroj svetla: laser
« Side scatter — detekce vnitrni komplexity
* Foreward scatter — detekce velikosti

side scatter detector

light source forward scatter detector




brightfield laser
lluminator

Basiji et al, Cytometry, 2004
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« Pouziti metody flowcytometrie na pfisedlé bunky
« Nafoceni fady snimku v raznych fluorescenénich kanalech
* Moznost sledovani v Case (Casové zavislé deje, pohyb bunék)
« Sledovany material (na sklicku, na misce, v desce)
— Céasti tkané (histologické preparaty)
— Adherentni bunky
— Bunécné suspenze
« Ziskani dat
— Predbézny sken
— Vyber oblasti zajmu
— Podrobné snimkovani

Cenirum pro vzkum
toxickych Litek
¥ prostiedi
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Profile - Field Ima ﬂ

33 micron

* |dentifikace bunek podle N
prahového signalu VSN

- Casto identifikace DNA

* Vyuziti
— Pocitani bunék (proliferace, motilita)
— Studium morfologie bunék Y=y
— FISH :

CF=122.24%




* Rozsireni kontur —
analyza kontur oblasti
cytoplasmy
zahrnuti signalu v
oblasti povrchu bunky



 Vytvoreni virtualnich kanalu
« Zahrnuti informaci potrebnych pro analyzu

Green detector minus Red detector = Virtual channel

©)
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* Analog flow cytometru-
» \/yfoti prochazejici Castice
« \ytvari katalog

Analyza obrazu
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