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Program prednasky:

= vyvoj kultivaci zivocisSnych bunek v podminkach
in vitro

= podminky kultivace savcich/lidskych bunék /in
vitro

= kultivacni postupy

= typy kultivaci (terminologie)

= vlastnosti normalnich a transformovanych
bunécnych linii

= praktické aplikace

= archivace, sbirkova pracovisté
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V PODMINKACH IN VITRO

_ VYVOJ KULTIVACIE
ZIVOCISNYCH BUNEK




1907:

1912:

1916:

1943:

1948:
1952:

kultivace nervovych vilaken izolovanych
z zabich embryi (Harrison)

explantaty kureci pojivove tkane a
srdecm svaloviny (Carrel; Burrows)

trypsinizace a pasazovani (Rous &
Jones)

stabilizace prvni bunécné linie - mysi
fibroblasty: L-cells (Earle et al.)

prvni bunécny klon: 929 (Sanford et al.)

stabilizace prvni lidské linie - karcinom
delozniho krcku: Hela (Gey et al.)







1952 - stabilizace prvni lidskée linie HelLa (Gey et al.)

» karcinom délozniho krcku
= Henrietta Lacks (1920-1951)

= Johns Hopkins University Hospital (Baltimore,
USA)




Linie Hela:
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BUNEK IN VITRO

V 4

PODMINKY KULTIVACE

SAVCICH / LIDSKYCH
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Kultivacni podminky pro savci a lidske bunky

* co nejpodobnéjsi podminkam v pdvodnim
organismu:

v" teplota 37°C,
v maximalni vihkost vzduchu, 5% CO,

v" neutralni pH (6,8 az 7,2)
v’ Ziviny

= sterilni prostredi




STABILNI PROSTREDI PRO KULTIVACE

CO,_inkubatory
= definovana stabilni teplota (37°C)
= maximalni vihkost vzduchu

= definovany stabilni obsah CO, (5%),
prip. i O, (fizena hypoxie)

= vodni nebo vzduchovy plast’
= vnitrni povrch: med’ nebo nerez
= pripojeni tlakovych lahvi pres redukcni ventily
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ZIVNE MEDIUM

Bazalni médium

= tekuté nebo praskove
= soli, aminokyseliny, vitaminy, lipidy, zdroj
energie, indikator pH

+ krevni sérum / rdstové faktory

Kompletni médium
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SloZeni bazalniho média

Voda pro tkanoveé kultury:
= ultrapure type I - resistivita < 18 MQ/cm

= TOC (total organic carbon) < 10 ppb (parts per
bilion)

Uprava vody pro tkatové kultury:
* reverzni osmoza

= absorbce na aktivni uhlik

» jontoménice

= elektrodeionizace

= UV zareni

15
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SloZeni bazalniho média

Vyvazene solné roztoky
= BSS (balanced salt solutions):

udrzovani pH a osmolality

udrzovani membranoveho potencialu bunék
kofaktory enzymu

tvorba fokalnich adhezi (rtst na pevném
substratu)

= jonty: Na*, K*, Mg?+, Ca?*, CI, SO42, PO,3>, HCO5
= stopove prvky Fe, Zn, Cu, Se ..

Hlavni typy BSS:
DPBS (Dulbecco's phosphate-buffered saline)
HBSS (Hank's balanced salt solution)
EBSS (Earle's balanced salt solution)
ESSS (Eagle's spinner salt solution)
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SloZeni bazalniho media

Pufrovaci system:
= NaHCO;, HEPES (N-2-hydroxyethylpiperazine-N'-2-
-ethanesulphonic acid)
Aminokyseliny:
= esencialni, resp. vzacné (Clovek, mys):
arginin, histidin, isoleucin, leucin, lysin,
methionin, fenylalanin, threonin, tryptofan, valin
= jn vivo syntetizované ve specifickych organech
(jatra, resp. ledviny):
cystein, glutamin, tyrosin

= |ze nahradit hydrolyzatem z proteind (kratké
peptidy)
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SloZeni bazalniho média

= voda

= anorganické slouceniny (ionty, stopové prvky)

= aminokyseliny

= vitaminy (zejména skupina B)

= lipidy (esencialni mastné kyseliny, cholesterol...)
=  hormony (inzulin, hydrokortizol)

» glukoza (zdroj energie)

= fenolova cerven (indikator pH)

= antibiotika (penicilin + streptomycin)



SIGMA-ALDRICH

sigma-aldrich.com
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D0422 | D1145 | DO0819_| DI1152 | D2429
[1x] [1x] [1x] [powder] [10x]
COMPONENT g/l gL gL giL g/L
Dulbecco’s Modified Eagle’s Medium (DME) Inorganic Salts
CaClz 0.285 0.265 0.2 0.2 265
Fe(NC3)z * 9H0 0.0001 0.0001 0.0001 0.0001 0.001
Many modifications of Eagle’s ke O S N S S Y S Y
. . NaHCO; 37 37 37 — —
Medium have been developed since  [Tec 54 64 6 4 X 54
NEH:PG_- . 0.109 0.109 0.109 D.109 1.09
the original formulation appeared in [ fmnefae — — — — —
the literature. Among the most t’éﬂﬂﬂe-'ﬂc(:” = nﬂ_bnsa;s nﬂ.'[:-nsa;s n[?hnea;a 0[_);38245
L-Glutamine — — — D.584 —
widely used of these modifications is  |Guene 0.3 0.05 003 0.03 03
L-Hlstldln.e * HCI * H:O D.042 0.042 0.042 0.042 042
Dulbecco’s Modified Eagle’s i e
. L-Lysine = HCI 0.148 0.146 0.146 D.146 1.46
MEdlum DMEM . -Methionine — . L L i
DMEM i ( df) ti B | t-gh;';wmanine 0.088 0%0636 U[?DDGSE D[?DOGEB [EGSE
|S a mo | |Ca |On O asa L-Serine 0.042 0.042 0.042 D.042 D42
L-Threonine 0.095 0.095 0.095 D.095 0.95
Medium Eagle (BM E) that contains a tZWrEFs?EQ?nera-szo Dio0e7 T oider | oiows | oivss =
. . . L-Tyroging — — — — 1.13033
4-fold higher concentration of amino ,t;f“‘z"'?e 0054 0054 0.054 0054 054
itamins
acids and vitamins, as well as e o L L
L myo-Inositol 0.0072 0.0072 0.0072 0.0072 0.072
additional supplementary Nachamide 0.004 0.004 0.004 0004 0.04
.« e D-Pantothenic Acid * %2Ca 0.004 0.004 0.004 0.004 0.04
components. The original DMEM yridoxal - HC — — = Q002 —
. . Pyridoxine = HCI 0.00404 0.00404 0.00404 — D.04
Riboflavin 0.0004 0.0004 0.0004 0.0004 0.004
formUIa’ fIrSt reported for CU|turIng Thiamine * HCI 0.004 0.004 0.004 D.004 D.04
embryonic mouse cells, contained 5 Grucoss iz = = s T
. HEFES — — — 5558 —
1,000 mg/L of glucose. An alteration Phenol Red - 007SS — 00fSs | Dotss | 015
. . . WIUVIC ACId * MNa . e —_ —_ -
with 4,500 mg/L glucose is optimal ADD _ _ _ — — —
in cultivating certain cell types. NaHCO, e L aran




Faisco: | DMEM
[43 ages | ¥

GLASGOW MEM
With Tryptose Phosphate Broth
Without L-Glutamine

Store:+2to 8°C. Vol 500mI
Cat. 01-060-1A  Lot: 851220
Exp. 04/2010

For In Vitro Diagnastic Use.
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Krevni sérum
» fetalni teleci/hovezi - FCS/FBS, konske, lidske...

» nedefinovana smes rustovych faktord a dalSich
slozek

= obsah v médiu 5 - 20% podle typu bunék

* bezserova media pro specialni aplikace (definovana
smes rustovych faktoru - tzv. serum replacement)

V 4

Nejdilezitéjsi latky obsazené v séru:

= rlstové faktory

= albumin

= transferrin

= anti-proteazy (antitrypsin, macroglobulin)
= attachment factors (fibronectin, laminin)
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Vyhody pouziti séra:

\"aLA 4 4

= smeés nejddlezitéjsich faktorl pro prezivani a
proliferaci bunék

= univerzalni pouziti pro kultivaci vétsiny bunécnych
typd

= ochrana bunecne kultury pred vykyvy prostredi a
toxickymi vlivy (zmény pH, ionty tezkych kovd,
endotoxiny, proteolytické enzymy)

Nevyhody pouziti séra:

* potiZe s reprodukovatelnosti (plivod zvirat, krmeni,
rocni doba...)

= riziko kontaminace
= dostupnost a cena
= vliv na produkci proteint do média




Typy médii pro savcCi bunky:

= Eagleovo médium (BME) a jeho modifikace
(napi. EMEM, AMEM, DMEM, GMEM, JMEM)

= RPMI média
(napf. RPMI 1629, RPMI 1630, RPMI 1640)

= dalsi média uzivana se sérem
(napr. Fischerovo, Williamsovo)

= meédia uzivana bez séra
(TC199, MCDB)

24
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STERILNI PROSTREDI

prace v tzv. laminarnich boxech (HEPA filtry) -
typ podle urovné Biosafety Level (BSL)

jednorazovy plastik
(sterilizovano radiaci)
sterilni sklo, nastroje a roztoky
(horkovzdusna sterilizace, autoklavovani)
antibiotika

(bézné smes Pen/Str, pripadne gentamycin,
amphotericin, nystatin)



UROVNE BIOLOGICKEHO RIZIKA
= BIOSAFETY LEVELS (BSLs)

BSL-1

= mikroorganismy, které nezplsobuji onemocnéni u
zdravych dospelych; standardizovane lidske a
zivocCisné bunecne linie

BSL-2

= bézné patogeny stredniho rizika, mohou zptisobovat
rlizné zavazna onemocnéni, ktera Ize dobre |éCit (HBV,
Salmonella, Toxoplasma, klinicky material - krev, télni
tekutiny, tkane; nekteré sbirkove linie - napr. HelLa)




Laminarni box - biohazard trida I

horizontalni vertikalni

27
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Laminarni box - biohazard trida 11

HEPA filtry
(Castice > 0,3 um)

Bi8120 Aplikovana bunécna biologie / 01 / 20.2.2017
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50




UROVNE BIOLOGICKEHO RIZIKA
= BIOSAFETY LEVELS (BSLs)

BSL-3

= lokalni nebo exoticke patogeny vysokého rizika,
respiracne prenosne, zpusobuji zavazna a potencialne
letalni onemocneni, ktera jsou obtizne lecitelna

= Mycobacterium tuberculosis, virus encefalitidy St. Louis,
antrax

BSL-4

n exErémné rizikove patogeny, respiracne prenosné,
zpusobuji letalni onemocneni, proti nimz neexistuje
lecba ani vakcinace

= hemorrhagickeé viry (Ebola, Marburg)
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3)

BIOSAFETY LEVEL 3 (BSL-
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BIOSAFETY LEVEL 4 (BSL-4)
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Cell factories
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Typy kontaminaci

= mykoplazmata

= Viry

» bakterie, plisne, kvasinky

= kontaminace jinou bunécnou linii
(cross-contamination) — autentizace linii (!!!)




Kontaminace — mykoplazmata

Detekce mykoplazmat:

a) fluorescencni mikroskopie
(znaCeni DNA)

b) PCR - specifické primery

Lanes

41
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Autentizace linii

Profil STR (short tandem repeats):

« srovnani se sbirkou nebo jinym vzorkem

293 [HEK-293] (ATCC® CRL-1573™)

Organism: Homo sapiens, human / Tissue: embryonic kidney /

GENERAL INFORMATION CHARACTERISTICS CULTURE METHOD SPECIFICATIONS

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

. 1 120 14 1
STR Profile Amelogenm: X [ bsssis | [ p1zsz17 [ prsszo | | D16S539 ]
000000000000 1 Blue ladder
CSF1PO: 11,12

orasarr. 2o | ML AL Al L b

u

- 11 [14 12] [15 2] [11] [14] =] [11] [14]
D16S539: 9,13 -E!D i -EIH i IE]-9 5l -é] 2l
D5S818: 8,9 12] [15] 0] [1= [io] [13] [io] (3]
D7S820: 11,12 ‘00[ 1lf?;sswmo | II60 01;221? 2oc])| 2;)2708820240| I260 0122239 300I e
THO1:7,9.3 SSSSSSSSSSS :fgg
TPOX: 11 i 1 | Am 5

[i1]

i
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KULTIVACNI POSTUPY
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tovany mikroskop

INVer
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Typy bunécnych kultur:
= adherovane:

rostou prichycené na pevném podkladu
= suspenzni:

rostou volné v médiu

Kultivace na zivne vrstvée (feeder-layer):

= obvykle inaktivované mysi bunky (fibroblasty,
peritonealni makrofagy)

= hybridomy, embryonalni kmenovée bunky




SUBKULTIVACE (PASAZOVANI)

Suspenzni kultury

= odstranéni stareho meédia centrifugaci

= naredeni bunék v cerstvém meédiu

= preneseni do nove kultivacni lahvicky/misky s
cerstvym meédiem

Adherované bunky

= odstranéni starého média, oplach v pufru

= uvolnéni bunék z podkladu proteolyzou fokalnich
adhezi (trypsin / EDTA/ accutase)

= inaktivace trypsinu pridanim séra

= alternativa: mechanickeé uvolnéni (Skrabky)

= centrifugace, naredeni bunék v cerstvém meédiu

= preneseni do nove kultivacni lahvicky/misky
s cerstvym médiem

47
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TYPY KULTIVACI
(TERMINOLOGIE)
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TKANOVE KULTURY / CELL CULTURES

= organova/tkanova kultura (organ/tissue culture)

trojrozmérna kultura nerozvolnéné tkane, Igtera’ Si
uchovava histologicke znaky a vlastnosti puvodni
tkane v prostredi /in vivo

= bunécna kultura (cell culture)

kultura odvozena z jednotlivych bunek, které uz
nejsou spojeny do struktury tkane

= primokultura / primarni kultura (primary culture)

buriky v kultufe jsou ziskany pfimo z pdvodni tkane
nebo fragmentu organu

— primarni bunky, primarni linie
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Bunécna linie
= populace bunék odvozena z primokultury pfi prvni
pasazi a dale udrzovana v podminkach /in vitro

(pasaz = prenos bunék z jedné kultivacni nadobky
do nadobky nove)

= diploidni (normalni nenadorove bunky)
= stabilizovana (nadorové transformované bunky)
= charakterizace bunecné linie:

oznaceni (nazev), druh organismu, pohlavi, vék,
vychozi organ, typ kultury, pocet pasazi, rlstoveé
parametry, morfologie, karyotyp, markery
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Bunécny kmen

= bunécna populace, ziskana subkultivaci z plvodni
linie - vyselektovana na zakladé exprese urcitého
znaku

Bunécny klon

= bunécna populace, vznikla pomnozenim jediné
buriky, izolované z plvodni linie

= vSechny bunky v bunécném klonu teoreticky

identické, avsak v praxi urcity stupen
heterogenity




Tissue or
Organ Fragment

transfer to
culture

dissociated cells
attachment & proliferation

organ explants
cell outgrowth

Primary Culture
passage

Cell Line
I

Gmmodalizatio@

single cell
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successive
subculture

Clonal Line senescence
transformation
. loss of growth control
Continuous
Cell Line

Transformed
Cell Line
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Rustové parametry bunécnych linii:

= generacni doba
obdobi mezi dvéma mitozami = délka bunécného
cyklu

= population doubling time (PDT)
cas, potrebny ke zdvojnasobeni poctu bunék v
populaci

» lifespan (délka zivota)
geneticky naprogramovany pocet déleni bunky

» kontaktni inhibice

zastava proliferace po dosazeni urcite limitni
saturacni density



Normal cells

Cell movement,
cell proliferation

Cellcell adhesion
B S W@ S D S S )
Contact inhibition

}-CD-CQD‘

Transformed cells

Cell movement.
cell proliferation

——

Disruptéd
cell-cell adhesion

N oo oV

Loss of contact inhibition

Nature Reviews | Molecular Cell Biclogy

Kontaktni inhibice
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Diploidni bunécné linie:

» normalni nenadorové bunky

= omezena délka zivota /in vitro

» standardni karyotyp (diploidni)

= obvykle anchorage-dependent
(vyzaduiji podklad k prichyceni = nahrada ECM)

» schopnost kontaktni inhibice

» tzv. "starnuti kultury" = zména morfologie a
ristovych parametrt se vzrlstajici dobou v
podminkach /in vitro

= LEP (lidské embryonalni plice)
HPLC (lidske lymfocyty periferni krve)




Stabilizované bunécné linie:
» nadorove transformované bunky

» neomezeny generacni potencial = nesmrtelnost
v podminkach in vitro

» kratsi PDT, redukovana zavislost na podkladu
» obvykle heteroploidni, resp. aneuploidni
» Casto bez schopnosti kontaktni inhibice

» lidské adherované: HelLa, A431, MCF-7, Saos-2...
idské suspenzni: HL-60, Jurkat, Hela-S...
1929, 3T3 (mysi fibroblasty),

CHO (chinese hamster ovary)

MDCK (Madine-Darby canine kidney)
VERO (African green monkey kidney)
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Rozdil v poctu chromosomd béhem kultivace

normalni bunky
(gliové bunky)

transformované bunky
(maligni melanom)
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PRAKTICKE APLIKACE
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» zakladni vyzkum (bunécna biologie, cytogenetika,
onkologie, imunologie, biochemie, molekularni
biologie, virologie...)

» prenatalni diagnostika

» toxikologie (testy léCiv, kosmetickych pfipravk,
implantatd

» reprodukcni medicina (IVF)

» klinicka onkologie (typizace nadord, testovani
multidrug resistance, hodnoceni markeru)

= vyroba ockovacich latek (viroveé vakciny)

= prdmyslova vyroba specifickych bunécnych produktd
(transgenni linie)

| = regenerativni medicina (priprava bunécnych a
o tkanovych derivatu)




Culture of Animal Cells

Fifth Edition

|

A Manual of Basic Technique and Specialized Applications

R. IAN FRESHNEY
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Culture of Specialized Cells

CULTURE OF
HUMAN TUMOR

Edited by

Roswitha Pfragner
R. lan Freshney

Culture of Specialized Cells

CULTURE OF
OROIETIC

Editors

R. lan Freshne
lan B. Pragnel
Mary G. Freshney

Culture of Specialized Celis

CULTURE OF

£dited by

R. lan Freshney
and Mary G. Freshney
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KRYOKONZERVACE,
ARCHIVACE,
SBIRKOVA PRACOVISTE
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Kryokonzervace zivocCisnych bunék

kultura v exponencialni fazi rlstu
po trypsinizaci resuspendovani v zamrazovaci Smesi:

90% sérum (FCS) + 10% kryoprotektivum (DMSO,
glycerol)

dvoustupnove zamrazovani:
"pomaly krok" (optimalni pokles o 1°C za minutu)

"rychly krok" (premisténi kryoampuli z -80°C do -
150°C (hlubokomrazici boxy) nebo do -196°C
(kontejnery s tekutym dusikem)

rozmrazovani:

nejprve rychle ohrati (rozmrazeni smesi), pak pomalée
pridavani vychlazeného média (cca 1ml za minutu)




Priklady
kryoprotektiv:
QO '?H
[
CH,—S—CH,  HOCH,CHCH,OH
dimethylsulfoxid glycerol

(DMSO)
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Vliv rychlosti zamrazovani na preziti bunék:

e

Slow Fast
cooling cooling

. BY

X &>

Cellular death Cellular death
from dehydration from internal ice
effects crystal damage

Without Cryoprotection

Fee 8

Slow Fast
cooling cooling

2 &

X &>

Cells dehydrate Cellular death

but survive from internal ice
crystal damage
With Cryoprotection
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American Type Culture Collection (ATCC)

m Login | Create a Profile | Quick Order | ® (0) | Czech Republic~ | EUR€~ | 1.800.638.6597

o
ATCC | INPARTNERSHIP WITH LGC STANDARDS Search by Keyword or Catalog No m

Advanced Search

Products Services Standards Resources Customer Support About

Biorepository

Servicessv

* New, streamlined deposit process
* Revenue sharing opportunities
* Global distribution & cold chain supply

What's New & 2 s +

PRODUCTS WEBINARS EVENTS PRESS RELEASES

Cell Biology Research Antimicrobial Resistance

High performance cells and culture systems to support your Complete solutions that support multidrug resistance research and
research. drug toxicity studies

https://www.lgcstandards-atcc.org/Products/All/CCL-2.aspx

Learn more »
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European Collection

of Authenticated Cell Cultures (ECACC)

Your Cart 0 ltems

PHE Website

| 283 Public Health England _

Culture Collections

You are here: Home ¥ Collections  European Collection of Authenticated Cell Cultures (ECACC)

O, o =eAce

About Us - Culture Collections ECACC Home
Products Welcome to the European Collection of Authenticated Cell Browse cell lines
ECACC Cultures (ECACC), a Culture Collection of Public Health Search cell lines

“"’“ England. Supplier of authenticated and quality controlled

Technical Support cell lines and nucleic acids. MNew cell lines
How to Order ECACC News
Glossary Culture Collections News

Forms Cell culture training courses

ECACC was established in 1985 as a cell
culture collection to service the research

community and provide an International Cell culture videos
Depository Authority recognised patent

depository for Europe. Over the last 30 " BCACC brochure
years ECACC has expanded and diversified U ¥Jir "». o Ay ICLAC

Cell culture laboratory handbook

this remains the core of ECACC's
business. The collections currently hold
over 40,000 cell lines representing 45
different species, 50 tissue types, 300 HLA
types, 450 monoclonal antibodies and at
least 800 genetic disorders.

The development and maintenance of such a diverse collection has inevitably produced a high
level of specialist knowledge and this, combined with the support of Public Health England, has
enabled ECACC to postion itseff as a centre of expertise in all aspects of cell culture. ECACC
has developed a comprehensive range of cell culture services and diversified into new product
areas such as high quality genomic DNA extracted from cell lines.

https://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refld=93021013&collection=ecacc gc
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The 10 Commandments of cell culture :

n

o \
- You shall have no other experimentator / \ i ;ggsigglggi’n;gg/ber Sos e erlie
but me \g) recover from trypsination

- Yeu must not die by contamination

i‘ Q

- You shall not ignore signals secretiq by your fellow - You ml§t not cqr_&mit differenciation

-You shall not enter into GO
and continue to proliferate

:

- You must not give false extrﬂqellyH_ - Réspect your substrate
signals against your neighbour il

@ : gy
- You must not stepi- G | | . : - You must not be envious of
: \ 4§ neighbour's adhere‘hce.
®U shall not be envious of their sugars
nor their amino acids,

/ ,
Ity f
kI——JJ z | s

l ; noT] anything that beﬁnis to your neighbour




