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Cytotoxicita
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"Hey, kids, see those ghosts?
They touch you, you die."
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Sledované parametry zZivotaschopnosti: Formaza
Mikroskopické pozorovani
Barveni
- Egc;ga?gjer? jodid- fluor. barva- detekce mrtvych bunék (flow cytometrie, pocitani v Buerkerové

Metabolizmus nap. aktivita mitochondrialnich enzymu

— MTT (XTT) — spektrofotometrické stanoveni formazanu vznikajiciho ze substratu, nutnost lyzace
bunék

— 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 membrany
— CFDA-AM - substrat projde naruSenou membranou — metabolizovan na fluorescenéni formu
Integrita/funkce lysozémii

— 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/rustu bunék)
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Apoptoza
(Rizena bunééna smrt)

> Kondenzace jadra
> Rozryhovani membrany

> Fragmentace DNA (brzka,
nasobky 180bp)

> Apoptoticka téliska
> Fagocytoéza télisek
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Nekrbza
(Pathologicka bunééna smrt)
Bunky se zvétsuji a lyzuji
Lyzat poskozuje okoli — zanét
Nespecificka fragmentace DNA

(pozdni, riznoroda délka
fragment)

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

chemotherapeutics
DNA damaging agents
irradfiation
growth-factor depletion

active Bid
caspase-8
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Testy viability — nespecificke, zjisti pozdni fazi
apopt.

caspazy (western blot, biochem. aktivita,
Immunostaining)

Detekce zmén v membrané (Annexin V — vazba
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

TUNEL (Terminal deoxynucleotidyl transferase
(TDT) mediated dUTP nick end labeling), TDT
navaze znaceny (fluorofor, biotin) dUDP na 3'-
konce DNA
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Anti-PARP Westernblot - Detection of PARP Cleavage by Caspases

116 kD

Full length protein

1=Marker IX
2 =937 without CAM

3 = U337 with CAM

4 = Positive control
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https://www.youtube.com/watch?v=KQcae0jJntQ

Table1 | Characteristics of different types of cell death

Type of
cell death

Apoptosis

ALtophagy

Mitotic
catastrophe

MNecrosis

Senescence

Morphological changes

Nucleus

Chromatin condensation;
nuclear fragmentation;
DNA laddering

Partial chromatin
condensation; no DNA
laddering

Multiple micronucle;
nuclear fragmentation

Clumping and random
degradation of nuclear DNA

Distinct heterochromatic
structure (senescence-
associated heterochromatic
foci)

Cell
membrane

Blebbing

Blebbing

Swelling; rupture

Cytoplasm

Fragmentation
(formation of
apoptotic bodies)

Increased numier
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 COK1/cyclin B
activation

SA-p-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/G0; detection
of changes in mitochondrial
membrane potential

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

Electron microscopy;
assays for mitotic markers
(MPMZ2); TUNEL staining

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

Electron microacopy; SA-f-gal
staining; growth-arrest assays;
assays for increased po3,
INK4A and ARF levels (usually
increased); assays for RB
phosphorylation (usually
hypophosphorylated); assays
for metalloproteinase activity
(usually upregulated)

©)

CDKH, cycline-dependent kinass 1; MDC, monodansylcadavering; MPM2, mitctic phosphoprotein 2; S4-p-gal, senescence-associated -galactosidase;
REB, retinohlastoma protein.

Okada and Mak, Nat. Rev. Cancer 4:592-603
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It's a rather interesting phenomenon. Every timel press this
lever, that post-graduate student breathes a sigh of relief.

- Centrum pro vyzkum
a toxickych latek
v prostredi
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o Testy cytotoxicity — ? Stav bunék béhem experimentu?
« RTCA - informace o stavu bunék po celou dobu experimentu

— Neinvazivni
— Sledovani impedance na zlatych elektrodach na dné jamky
"~ — Control ~ AntimycinA I I Y
il dmngmen Stanoveni:
Y Cytotoxicita
P Bunécna adheze/proliferace/diferenciace
; Aktivace receptoru
o —— Invaze/migrace
o e 2 3 as = Vliv ko-kultivace

Time {Hours)

E 1. H 4]
RLILA L
0 10 20 30 40 50
Time (Hours)
= 10000 HT1080 Control —— 5000 HT1080 Control

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



Migrace/invaze bunék
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RTCA - real time cell analysis (xCelligence)
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e Studium funkce iontovych kanall v burce

o 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-QUT
PATCH

—

WHOLE-CELL
CLAMP

OUTSIDE-OUT
PATCH




 Reporter gene assays

» stanoveni transkripCni aktivity v ramci bunécné odpovedi na podnét (napf.
aktivace receptoru)

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

« pfiklady reportérovych genu: 3-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 Vvligand

"~ DNA Cell
l' (corepressors) Nucleus
- | v

I mRNA v
.RCP

A reporter protein luciferin
. Amount is easily measured
(e.g. GFP by fluorescence) YA(

reporter

expression




Transfekce

Hi, my name is Mark and
have a point mutation
oh p53....

TRANSGENICS
ANONYMOUS

Centrum pro vyzkum
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* Prenos cizi RNA nebo DNA do eukaryoticke bunky (bez
pouziti viru)
— Stabilni — cizi DNA se zabuduje do genomu (selekéni gen napf.
neo - rezistence k G418)- DNA se pfedava i potomkum

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

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

fyzikalné (mikroinjekce, elektroporace, na Casticich)

chemicky (pomoci lipidl, soli, makromolekul)

biologicky (viry- transdukce)

Centrum pro vyzkum
toxickych latek
v prostredi
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e Chemicka cesta:

— -neutralizace naboje DNA,

 fosfat vapenaty- precipitat DNA nasorbovany na
bunky—inkorporace

e Lipid nebo polymer- obali DNA a je endocytovan

Calcium
Phosphate

Centrum pro vyzkum
toxickych latek
v prostredi
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Vapnikova metoda

Solution A

Plasmid DMN&
calcium solution

Incubata 20 min

Add Apply
Solution A transfection
to Sull..r_tic:n B solution to
while subconfluent
vortaxing call culture

Pl >

Solution B
2x HES

Centrum pro vyzkum
toxickych latek
v prostredi
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Incubate 2-12 hr

Replace
transfection
solution with
completa
growth madium

>

Assay for transiant
gens axpression

ar

Begin selection for
stable transformants
(2472 hr
post transfection)



Lipozdmova metoda

Cell membrane Nucleus

1%
J/

Endosome with

- l lipid mixing
i Endosomal
maturation

DNA -3
fragmentation %~

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

Centrum pro vyzkum
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Fyzikalni metody transfekce

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

— Mikroinjekce — transfekce embryonalnich
kmenovych bunék

— Biolistic particle delivery — ,nastfileni” zlatych
nebo wolframovych Castic s DNA do bunéek
pomoci genoveé pistole

— Magneticke koralky — DNA na magnetickych
Casticich — prenos do bunky pusobenim magnetu

Kugleic Asicd Magnefofection™.:
o Vi g SI’I'EHEHIEI'Q Cabhen b Mogy st
. ¥ Moviaancis
CombiMag :....—:
Muclede Acial + Manoparticles
Covmphores
Ircurbation 15 Cells

e L) e [




* Transfekce virem (transdukce)

Virus Preparation

Centrum pr
tOXiCkYCh laen
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v prostredi
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fluorescent dyes
to the cells?
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S, il transition
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0 :
» emise svétla po absorpci elektromagnetickeho zareni
» Citliva a levna detekCni koncovka Absorption
» Problém:
— fotobleaching ,vysviceni“ — ztrata fluorescencénich vlastnosti Fluorescence
na svétle X
— ,quenching“ — zhasinani fluorescence — misto emise se %"
energie prenese jinam = 3
— autofluorescence vzorku- fluoreskuje néco jiného nez chceme s, 2 —
— Vhodna kombinace fluorofort 1
Differential Photobleaching in Multiply-Stained Tissues 0
Gronnd State
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shift
2| apsorption ——
T fescit ation)
g e Emission
i
&
_ Spectral
overlap
I I I I
00 s00 &00 700 S0

Figure 1 Wanvalength, nm



Reseni autofluorescence

— Fluorescencni polarizace —
» Velky fluorofor (GFP)

« Maly fluorofor vazany na makromolekulu (fluorofor vazany na
dextran)

» - excitace polarizovanym svétlem

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

e porovnani intenzity polarizovaného a nepolarizovaneho emisniho
kanalu odhali signal studovaného fluoroforu

swalshAsorg e




Reseni autofluorescence

— Casové rozlisena fluorescence (TRF)

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

 VétSina kontaminantu emituje dfive — zvySeni

citlivosti
Background
autofluorescence
©
c
20
vy
)
L8]
c
Q
A
o
o
=
bl
0 400 800 1000
L ] 1 9 e
Centrum pro vyzkum Delay time  Counting time

toxickych latek
v prostredi
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T2 9E93

— Fluorescence resonance energy transfer
FRET

» detekce priblizeni dvou fluoroforu napf. vazba
ligandu na receptor

* Donor je excitovan a prenese energii ha akceptor

BES nm

Energy transfer

Donor J(L) Acceptor
fluorescence absorption

..

Europium cryplate -—-;‘i‘ XLBBS WEVEIEngth {.;'L.)




Combined Use of Phase Contrast and Fluorescence lllumination

* Invertovany mikroskop

— Pozorovani v prochazejicim
svetle

— Pozorovani v odrazeném
svetle (Casto fluorescence)

Centrum pro vyzkum
toxickych latek
v prostredi
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Figure 3

Reflected/Transmitted Light Microscope Configuration
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Vyuziti vhodnych fluoroforu (DAPI,
GFP,...)

Studium vnitrni struktury bunék
Immunostaining

detector

ocular . ,
emission filter

dichroic mirror
—_—

light sourc

excitation filter

specimen



— Eliminuje zkresleni odrazenym svetlem od
nezaostrenych oblasti

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

confocal

non
.« confocal

Photomultiplier  Confocal
Detector Light
Pathways

= Pinhole Aperture
—Barrier Filter

Dichromatic
- Mirror Lﬂlﬁer
Fadl
— Pinhole
-Objective Aperture

Specimen
& Centrum pro vyzk ]_ Facal
() toxickych latek Planes
v prostredi




Cptical TEM LEM

<

o Svetlo (fotony) neumoznuji
pozorovat objekty s velikosti
blizké jeho vinove délce

* Priprava vzorku
— Fixace, barveni tezkymi
kovy,... (biologicky material
je pro e- pruhledny)

- LM
* Typy elektronove AL
mikroskopie ‘BB, @
— Transmisni (TEM) — o )
pruchod svazku elektronu | dasess s o
tenkym vzorkem SR gt gl
— Skenovaci (SEM) —

skenovani povrchu vzorku
svazkem elektronu

— Skenovaci- transmisni Tem | HARDF STEM
(STEM) — podobné TEM > i
ale obrazky vznikaji
skenovanim

©)
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Immunostaining

*  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

e  Fluorescencni —fluorescecni mikroskopie- vysSi rozliSeni

 Enzymaticka (HRP)- western blot- vySSi citlivost

e biotin /avidin

Typy barveni:

 Pfimé — znacena specificka protilatka

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

protilatkou
Vzorky
 Bunky
e Tkané — anatomické preparaty
«  Proteiny (Western blot) Secondary Ab
Primary Ab
Antigen-antibody complex

Centrum pro vyzkum
toxickych latek
v prostredi
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Immunohistochemistry Process

Add 1° Add bictimyloted 2° Ab Add amplifying streptavidin

Biotinylated antibody
Biotin-Feroxidase

Avidin

>3

el @A AW

# section
Avidin-biatin comples (ABC) methad, The binding of the secand laver of antibadies (biotimdated antibedies) to the
avidin-biotin-peraxidase complex relles an the strong affinity between avidin and biotin



Flowcytometrie

e Studium suspenznich bunék

* Detekce povrchovych markert bunék

o Detekce intracelularnich faktoru

 Detekce obsahu DNA Sample

« MozZnost tfidéni do subpopulaci l Shaoth

Acoustic focusing cytometry

—>

® — Capillary
& — Cell

Flow Chamber

Fiezoelectric
ultrasound device

eslbeesss | o5cor 1 [viclet)
——l— | aser 2 [blue)

Centrum pro vyzkum
toxickych latek
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Detekce - flowcytometrie

Zdroj svetla: laser
e Side scatter — detekce vnitfni komplexity
« Foreward scatter — detekce velikosti

side scatter detector

light source forward scatter detector




.

' o
'|::ellc9.lni'lcm'i ‘\’
F ¢

brightfield laser
illuminator

Basiji et al, Cytometry, 2004




Populacni analyza

=
H_
2 ] | neutrophils
il
&
E'l_ : Bl
@ B-: lysed whole blood
E-
P - monocytes
= "".I"-""l"" L LA |
0 S0 100 200 250
FSCH
lymphocytes
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* Pouziti metody flowcytometrie na prisedlé buriky
e Nafoceni fady snimku v rdznych fluorescenénich kanalech
 Moznost sledovani v Case (Casove zavislé déje, pohyb bunék)
« Sledovany material (na skliCku, na misce, v desce)

— Casti tkané (histologické preparaty)

— Adherentni bunky

— Bunécné suspenze
Ziskani dat

— Predbézny sken

— Vybér oblasti zajmu

— Podrobné snimkovani

Centrum pro vyzkum
toxickych latek
v prostredi
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Profile - Field ﬂ

33 micron

 |dentifikace bunek podle 7
prahového signalu AN
 Casto identifikace DNA
o Vyuziti
— Pocitani bunek (proliferace, motilita)

— Studium morfologie bunek
— FISH

CF=122.24%:




e Rozsireni kontur —
analyza kontur oblasti
cytoplasmy

zahrnuti signalu v
oblasti povrchu bunky




e \/ytvoreni virtualnich kanalu
o Zahrnuti informaci potrebnych pro analyzu

Green detector minus Red detector = Virtual channel

©)
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Analog flow cytometru-
Vyfoti prochazejici Castice
Vytvari katalog

Analyza obrazu




bude that new :
quy gives me Keep your | .
the creeps. voice dowm! | ] |
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