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ANALYZA NUKLEOVYCH KYSELIN
bunécény cyklus a ploidyta
analyza zlomU DNA
inkorporace BrDU

exprese cykling

analyza denaturace DNA

ANALYZA BUNECNEHO FENOTYPU
imunofenotypizace pomoci CD antigent
(detekce diferenciacnich a nddorovych markerd)
detekce cytokinovych receptort

CYTOGENETIKA
analyza chromozému

STUDIUM BUNECNYCH FUNKCI
viabilita

stanoveni infracelularnino pH

analyza organel a cytoskeletu
stanoveni membrdnového potencialu
oxidativni vzplanuti

stanoveni intraceluldrniho Ca2+
stanoveni intraceluldrnich cytokint
Natural Killer ligace znacenych bunék
analyza reportérovych genu
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Biologické aplikace prutokove
cytometrie

= analyza DNA
= analyza bunécnych funkci
= fluorescencni proteiny
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Co je duleziteé pi1 pripraveé vzorku a
znaceni. ..

m Postup pripravy vzorku a znaceni nelze
zobecnit — zavisi na typu bunek a konkretni
analyze
— suspenze jednotlivych bunék
— vitalni znaceni
— fixace (etanol, formaldehyd)

— permeabilizace (detergenty)
— difuze
— aktivni transport




Analyza bunecneho cyklu

- jedna z nejstarsich aplikaci flow cytometrie, stanoveni faze
bunécného cyklu podle mnozstvi DNA

. prutokova cytometrie je vhodnd metoda pro rychlou a
presnou determinaci bunécneho cyklu

- jednoduchym zpusobem je DNA obarvena fluorescencni
barvou specifickou pro DNA.

- Propidium iodide
4',6-diamidino-2-phenylindole (DAPI)
- dramaticky zvysuiji fluorescenci po vazbé na DNA. Je
nutnd permeabilizace cytoplasmatické membrdany .

- Hoechst 33342

« Vybrant® DyeCycle™

« DRAQS

- Quaternary benzo[c]phenanthridine alkaloids (QBAS)

I. Slaninova, J. Slanina and E. Taborska, "Quaternary benzo[c]phenanthridine alkaloids--novel cell permeant and red
fluorescing DNA probes," Cytometry A, vol. 71, no. 9, pp. 700-708, 2007.

- mohou byt pouzivany pro znaceni viabilnich bunék.

K. Soucek Bi9393 Analyticka cytometrie




lllllll
IIIIIIIIII
IIIIIIIIII
lllllllll
lllllll
lllllll
lllllll
lllllll
llllll
IIIII

~3c o0

- Normal Cell Cycle

G,
DNA Analysis

G,G;

S GZM

1460 600 1 8;)0 I 1c;oo
2N 4N
DNA content

200

Purdue University Cytometry Laboratories



Analyza histogramu bunécného cyklu

® nepouziva se bézna analyza pomoci usecek (regionu) v
histogramu

® je nutné pouzivat specialni software pro modelovani analyzu
distribuce jednotlivych fazi
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ModFit LT~ @

An impressive new version of the industry standard.
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MultiCycle AV
fits 6 different
cell cycle models
automatically.
The variability in
results Is one aid
to assessing con-
fidence in S and
G2 phase esti-
mates. Display
of statistics is

optional.

MultiCycle for Windows

Advanced DNA Cell Cycle Analysis Program

[

27ED

2200

Cal Murnlzsar

1o

+Aggregates]

MultiCycle suggestions (a guideline only):

An ancuploid DNA content is observed.
i

DIFLCID CYCLE

MeanSGl= 65507
CV¥GEl= 2419
BiF1=02.006

Mean Gl=126.413
CVWGl= 3410
TED = 00Ad

The aneuploid %5=17.4, %Gz=11.7

The S Phase confidence is good

£ 64 56 128 160 152 224 28

DMNA Content

GLIG1 =199
% Tot=21.538

AMEUFL. CYCLE

MeanSl= 106328
CWG1= 34675
%G1 = T0430

MeanG1=208.264
CY¥GL= 2675
®G1=11.704

G103l =152%
o Tot = FE462
L = Loory

Ava, %= 15,980
HEAD= 11413
% bgz = 6077
ChiSq.- 2104
Cell Mau=72272

LTI

4 B B 1

A summary inter-
pretation clearly
states results. A
built-in decision
tree helps take
the guesswork
out of evaluating
the quality of the
cell cycle analysis,
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File analyzed: LNCaP/-
Date analyzed: 16-Oct-2006
Model: 1IDAOn_DSD

Analysis type: Manual analysis

gfl: : Diploid: 100.00 %

?p Dip G1: 79.55 % at 46.94

|p Dip G2: 0.15 % at 93.88

Ip Dip S:20.30 % G2/G1: 2.0C
%CV:4.90

Total S-Phase: 20.30 %
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All cycle events: 3517
Cycle events per channel: 73
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Anecuploidie je vyznamny
diagnosticky marker
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File analyzed: SAMPLE2.FCS
Date analyzed: 16-Oct-2006
Model: 2DA0On_DSD_ASD
Analysis type: Automatic analysis

Diploid: 57.22 %
Dip G1: 70.35 % at 75.05
Dip G2: 5.60 % at 150.10
Dip S: 24.05 % G2/G1:2.00
%CV: 3.02

Aneuploid 1: 42.78 %
Anl G1: 83.63 % at 100.15
Anl G2: 5.87 % at 200.30
Anl S:10.50 % G2/G1:2.00
%CV:5.02 DI: 1.33

Total Aneuploid S-Phase: 10.50 %
Total S-Phase: 18.25 %
Total B.A.D.: 11.22 %

Debris: 19.13 %

Aggregates: 3.96 %

Modeled events: 31253

All cycle events: 24037
Cycle events per channel: 190
RCS: 0.842



Mumber of nuclei

Analyza ploidity u vySsich rostlin

Nicotiana tabacum

; ‘/en.wikipedia.org/wiki/Irﬁag}:Nativ

herican_tobacco_flowerjpg”
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Blstroemenia (-aryophyII;(-n
Ecology & Ewluﬁnninr Biology Consermtory
UConn, Richard Sanders, Jan 2000
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http://upload.wikimedia.org/wikipedia/en/7/78/Native_American_tobacco_flower.jpg
http://upload.wikimedia.org/wikipedia/en/7/73/Corntassel_7095.jpg

Analyza inkorporace BrdU

m bromodeoxyuridin se inkorporuje do DNA namisto
tymidinu behem S-faze

m po fixaci a CasteCné denaturaci DNA je mozné BrdU
detekovat pomoci specifické protilatky znaCené
fluorochromem

m v poslednim kroku muzeme obarvit DNA
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Analyza inkorporace BrdU
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Flow Cytometer Setup for Flow Cytometer Setup for
Becton Dickinson Hardware Coulter Hardware
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Analyza DNA a RNA

Pyronin Y vs. Hoechst 33342

- Pyronin interaguje s ds RNA a DNA ale
jeho vazba na DNA je inhibovana
pritomnosti Hoechst 33342

m Acridine orange

- pri interakci s RNA emituje Cervené
svetlo a pri interakci s DNA zelené

DMNA content
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Cyclin Expression: Periodicity

cyclin A
* cyclin D

<«—cyclinE

f

cyclin B




Detekce intracelularnich proteinu v
kombinaci s detekci DNA
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Detekce mitotickych bunck

m Histone H3 je specificky fosforylovan
behem mitozy

m dvojité znaCeni DNA vs. H3-P
identifikuje populaci bunek v M-fazi

1000

1003

10 unid




Analyza bunécénych funkci

m Prutokova cytometrie umoznuje
vicebarevnou analyzu vitalnich bunek




Detekce viability

jedna z nejjednodussich analyz
funguje na principu:

— detekce membranové integrity - neprichodnosti nékterych
fluorescencnich znacCek cytoplazmatickou membranou Zivych
bunék — propidium iodide, ethidium bromide, 7-amino
actinomycin D

— detekce fyziologického stavu bunék — pouZiti fluorescencénich
znacek barvicich pouze Zivé buriky - Rhodamine-123, Calcein-AM

ethidium monoazide — Ize jim obarvit mrtvé bunky a nasledne
fixovat

Pomoci LDS-751 (laser dye styryl-751) je mozné odliSit mrtvé
bunky i po fixaci



Detekce viability
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Prenos signdalu pomoci Ca?*

* CYi'OSO' (koncentrace - ,klidovd" 100 nM vs. 1-10 uM aktivovand)
« [Ca?*]. aktivuje proteinkindzu C
sinteraguje s ,,Ca?* - binding proteins*

.signaling molecule

G-protein-linked . inositol phospholipid
receptor activated /,f

phospholipase C diacylglycerol

protein

activated G-protein ) 0 kinase C
« subunit inositol )
1,4,5-trisphosphate ® .Ca2+
(IP,) p) ¢

open Ca2+
channel

endoplasmic
reticulum

%%:°c 020 0 © 08

Alberts, B. et.al. Essential Cell Biology, 1998
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Prenos signdalu pomoci Ca?*
Jadro
« [Ca?*], interaguje s ,,Ca?* - binding proteins*

protein,

protein

) PKC 1-._\;:032*‘ :

MAPK CaMK o T .
W M
RS _ NN
= fene ALY
transcription ,
s
wuter membrane
mamhral ) . edos
wnhpn: ol disease states

Malviya, A. N. (1998) Cell 92: 17-23.

K. Soucek Bi9393 Analyticka cytometrie



Prenos signdalu pomoci Ca?*

* Mitochondrie
e mitochondridlni retikulum®
e [Ca?*]. => [Ca?'],,, <=> AY,, => apoptdza

K. Soucek Bi9393 Analyticka cytometrie
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Lajisténi vhodnych podminek pro detekci [Ca?*],
estandardizace barveni a kalibrace

efemperace vzorku po celou dobu méreni
e standardizace zpUsobu priddvani induktoru

- Zlepseni rozpustnosti AM estery modifikovanych
indik&torU (BSA, Pluronic ® -127)

- inhibice aktivniho vylucovani indikatoru bunkou
(Probecid)

- pro kalibraci vhodné AM estery modifikované
cheldatory (BAPTA-AM)

K. Soucek Bi9393 Analyticka cytometrie
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Kalibrace

(pro jednu vinovou délku)

az+" \dXF mln\

max -
= HLEO/T2h = HLAOH72h Time (204.80 sec.) (8) vs FLUO-3 AM (FL1-H) (3)
ST = g
= —_c ]
57 T MnCl2
58] L2 v
7o 0
To =] M
b 3=
i o /
2 -2 % ionomycin
™ L e ¢ Fmax
od o s e 2 ‘ MWW
I EEIEI -1EII] EIEIEI EEIEI 1I]I]El I 400 B0 a0 T I FMnClz
FSC-Height Tirne [204.80 zec:) °
Time

- Fluo-3 (Kd ~ 400nM, 22°C; 864 nM, 37°C)
Frin = 1.25 X Fyncp - 0.25 X Fr o,

min
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Detekce intracelularniho pH

m Fluorescencni znacky menici intenzitu
fluorescence v zavislosti na pH

= SNARF-1, BCECF

G:A G:A
pH 7.0 169 pH 7.0

LA L

pH 8.0 76 pH 8.0

|

0 1024 0 1024
640 nm Ratio 640/580




Detekce intracelularniho pH

m Nutna kalibrace pomoci draslikovych
pufru a ionoforu (nigericin)
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Detekce poCtu bunécneho déleni

m Nespecifické fluorescenéni oznaceni proteinu pomoci
carboxyfluorescein diacetate succinimidyl ester
(CFDA-SE nebo CFSE)

i f
CH. C-0 \[» \[ 1 D C-CHq OH[,;HT,DWT;:M],_;'»O o w MFD-I,Z’““H]»;’#O
\[ = RSP~ N~ NH N e e
Esterase — -
B—o - L _.c-o - L .C-0
0 Sl ]
/4 r [8) | J (0]
[”JKN o- c - Cneod '
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\ D A\ o o]
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Cell Membrane
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- MMolecular




Detekce poCtu bunécneho déleni
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— posttranslaéni modifikace proteinQ
— regulace transkripce

— regulace struktury chromatinu

— prenos signalu

— funkce imunitniho systéemu

— fyzicky a metabolicky stres

— neurodegenerace, starnuti

Detekce reaktivnich kyslikovych
skupin
m Reaktivni kyslikoveé skupiny hraji klicovou roli
v celé radé biologickych procesu
i



4 e~ reduction to water

- ———

-
- S~a
- ~

Unreactive at STP, but a great
electron acceptor

Biological activation via
radicals, transition metals
Generally, radical
intermediates are enzyme-
bound

Reacts with virtually any molecule at diffusion-limited rates
The molecule that makes ionizing radiation toxic

Actually a chemical reductant
Not so terribly reactive with most biomolecules
Mitochondrial superoxide the major source of
- active oxygen
Maintained at very low concentration
Superoxide dismutases

Not so terribly reactive with most biomolecules
Maintained at very low concentration

Catalases, peroxidases, GSH, etc...
© Simon Melov



— Potential sites of intervention

Neurodegeneration

Energy Vascular Tone
_ _ Crisis
Mitochondrial Cardiac Output

Damage
/ \ Sensory Acuity
Oxidative e
Stress l - Cell Death Skin Thickness
DNA Bone Density

Damage
Endocrine Function
o ] !
ncogenesis wune Function

Cancer

© Simon Melov



Hydroethidine

Example: Neutrophil Oxidative Burst

© J. P. Robinson, Purdue University



DCFH-DA—— DCFH — DCFK

2’,7’-dichlorofluorescin diacetate

o o)
CH3-C- O\, O-C-CH3
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H O OH
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© J. P. Robinson, Purdue University



.pcri-pa  Oxidative Burst
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"for the discovery and development of the green fluorescent
protein, GFP"

M 1
I
FLL ' Fx i
i} q
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it

Photo: 1.
Henriksson/SCANPILX Henriksson/SCANPIX

Photo: UCSD

Osamu Shimomura Martin Chalfie Roger Y. Tsien
(0 1/3 of the prize 1 1/3 of the prize (B 1/3 of the prize
UsA USA UsA

Marine Biclogical Columbia University University of California
Laboratory (MBL) New York, NY, USA San Diego, CA, USA;
Woods Hole, MA, LUSA; Howard Hughes Medical
Boston University Medical Institute

School

Massachusetis, MA, USA

b. 1928 b. 1947 b. 1952
{in Kyoto, Japan)

http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/



ALV

— je schopna modre svétélkovat (bioluminescence). Ca?* interaguje s
fotoproteinem aequorinem.
— modré svétlo excituje green fluorescent protein.

4LV 4

— luminescence vznika degradaci coelenterazinu za katalytického pusobeni
luciferazy.

— modré svétlo excituje green fluorescent protein.

Aequorea victoria “Crystal jelly Renilla reniformis "Sea Pansy"

http://www.mbayaq.org/efc/living_species/default.asp?hOri=1&inhab=440 http://www.whitney.ufl.edu/species/seapansy.htm




" :
Aéquorin

http://www.conncoll.edu/ccacad/zimmer/GFP-ww/GFP2.htm

Fluorescencni proteiny
m Osamu Shimomura
— 1961 objevil GFP a aequorin



Fluorescencni proteiny

m Douglas Prasher
= Martin Chalfie

Science. 1994 Feb 11;263(5148):
Green fluorescent protein as a marker for
gene expression.

Chalfie M, Tu Y, Euskirchen G, Ward WW,
Prasher DC.

Department of Biological Sciences, Columbia
University, New York, NY 10027.

| A complementary DNA for the Aequorea
victoria green fluorescent protein (GFP)
produces a fluorescent product when
expressed in prokaryotic (Escherichia
coli) or eukaryotic (Caenorhabditis
elegans) cells. Because exogenous
substrates and cofactors are not required
for this fluorescence, GFP expression
can be used to monitor gene expression
and protein localization in living
organisms.

B MICE EXPRESSING GFF


http://www.in-cites.com/papers/DrMartinChalfie.html

Fluorescencni proteiny

NormalH With GFP As Tracer

{atne For
Protein

_{=ene For
Protein

Protein

Protein With &GFF

Stop Lode
For Protein

http://www.conncoll.edu/ccacad/zimmer/GFP-ww/GFP2.htm



KODAK X-SIGHT 650 and 761 Nanospheres,
KODAK In-Vivo Multispectral Imaging System

KODAK X-SIGHT 640 LSS Dyes in vivo with Hasegawa, S., Yang, M., Chishima, T., Miyagi, Y., Shimada, H., Moossa, A. R., and

x-ray overlay Hoffman, R. M. In vivo tumor delivery of the green fluorescent protein gene to report
future occurrence of metastasis. Cancer Gene Ther, 7: 1336-1340, 2000.




Fluorescencni proteiny

m Sergey A. Lukyanov

— Objevil ,GFP-like" proteiny u
nesvétélkujicich koralu

72 © 1999 Nature America Inc. « http://biotech.nature.com

RESEARCH

Fluorescent proteins from
nonbioluminescent Anthozoa species

Mikhail V. Matz, Arkady F. Fradkov, Yulii A. Labas', Aleksandr P. Savitsky?2, Andrey G. Zaraisky,
Mikhail L. Markelov, and Sergey A. Lukyanov*

Institute of Bioorganic Chemistry, Russian Acadmy of Science, 117871 Moscow, Russia. 'Institute of Ecology and Evolution, and *Institute of Biochemistry Russian
Academy of Science, 17071 Moscow, Russia. *Corresponding author (e-mail: luk@ibch.siobe.ras.ru).

Received 28 May 1999; accepted 18 July 1999
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Targeting proteins & fluorophores

Streptavidin

o=

Atto565

The Fluorescent Toolbox for Assessing
Protein Location and Function

Ben N. G. Giepmans,™? Stephen R. Adams,” Mark H. Ellisman," Roger Y. Tsien®>*

SCIENCE VOL 312 14 APRIL 2006



A206K mutation

Obligate tetramer of Discosoma RFP Monomeric RFP (mRFPA1)

CREATING NEW FLUORESCENT
PROBES FOR CELL BIOLOGY

Jin Zhang*, Robert E. Campbell*, Alice Y. Ting** and Roger Y. Tsien™

a
N
, Tk ‘aur
b/ 2

NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 3 | DECEMBER 2002 |



Table 1 | Properties of the best FP variants?.?

Source laboratory

Excitation®

Emissiond

Class Protein (references) (nm) (nm) Brightness®  Photostabilityf pKa Oligomerization
Far-red mPlum9d Tsien (5) 590 649 4.1 53 <4.5  Monomer
Red mGCherryd Tsien (4) 587 610 16 96 <4.5  Monomer
tdTomato? Tsien (4) 554 581 95 98 4.7 Tandem dimer
mStrawberryd Tsien (4) 574 596 26 15 <4.5  Monomer
J-Redh Evrogen 584 610 8.8 13 5.0 Dimer
DsRed-monomer”  Clontech 556 586 3.5 16 4.5 Monomer
Orange mOrange? Tsien (4) 548 562 49 9.0 6.5 Monomer
mKO MBL Intl. (10) 548 559 317 122 5.0 Monomer
Yellow-green mGitring! Tsien (16,23) 516 529 59 49 5.7 Monomer
Venus Miyawaki (1) 515 528 53 15 6.0 Weak dimer!
YPetd Daugherty (2) 517 530 80" 49 5.6 Weak dimer!
EYFP Invitrogen (18) 514 527 51 60 6.9 Weak dimer!
Green Emeraldd Invitrogen (18) 487 509 39 0,60k 6.0  Weak dimer
EGFP Clontech' 488 507 34 174 6.0  weak dimer!
Cyan CyPet Daugherty (2) 435 477 18 59 5.0 Weak dimer!
mCFPm™ Tsien (23) 433 475 13 64 4.7 Monomer
Ceruleand Piston (3) 433 475 27 36 4.7 Weak dimer!
UV-excitable green  T-Sapphire? Griesbeck (6) 399 511 26° 25 4.9 Weak dimer!

2An expanded version of this table, including a list of other commercially available FPs, is available as Supplementary Table 1. "The mutations of all common AFPs relative to the wild-type protein are
available in Supplementary Table 3. *Major excitation peak. YMajor emission peak. ®Product of extinction coefficient and quantum yield at pH 7.4 measured or confirmed (indicated by *) in our laboratory
under ideal maturation conditions, in (mM = em)—1 (for comparison, free fluorescein at pH 7.4 has a brightness of about 69 (mM = em)—1). Time for bleaching from an initial emission rate of 1,000 phetens/s
down to 500 photons/s (1, ,,; for comparison, fluorescein at pH 8.4 has t, , of 5.2 2); data are not indicative of photostability under focused laser illumination. ¥Brightest in spectral class. "Net recemmended
{dim with poor folding at 37 °C). 'Citrine YFP with A206K mutation; spectroscopic properties equivalent to Citrine. iGan be made monomeric with A206K mutation. *Emerald has a pronounced fast bleaching
component that leads to a wvery short time to 50% bleach. Its photostability after the initial few seconds, however, is comparable to that of EGFP. "Formerly sold by Clontech, no longer commercially available.
mECFP with A206K mutation; spectroscopic properties equivalent to ECFP.

A guide to choosing fluorescent proteins

Nathan C Shaner!2, Paul A Steinbach!? & Roger Y Tsien !4

NATURE METHODS | VOL.2 NO.12 | DECEMBER 2005 |



Emission (nm): 410-490

Fluorophore: Hoechst
Targeting: direct affinity
Target: DNA
Structure: nuclei

500-530
GFP
genetic
c-tubulin
microtubules

555-565
QD565
immuno

giantin
golgi

580-620
ReAsH
genetic
B -actin

stress fibers

=660
Cys
immuno
Cytochrome c
mitochondria

REVIEW

The Fluorescent Toolbox for Assessing
Protein Location and Function

Ben N. G. Giepmans,™? Stephen R. Adams,? Mark H. Ellisman, Roger Y. Tsien®*

SCIENCE VOL 312 14 APRIL 2006



SshRNA for TTL

shRNA elements:

FIE-[ER' TTL-1
Bgim(5593) GFP I RRE

'jﬁﬁ:rlg tgcatcaaataagcatgagattccaagagatctcatgcttatttgatge
BgIlI {5219] fEE‘I [2439] ttttttcacgtagtttattcgtactctaaggttctctagagtacgaata
. aactacgaaaaaagagct
KpnI(5:87) Xbal (2626)
'n.,q_,-*’
Sarll [4954:} Yy o Luqmtfur TTL-2
o \ 1""-.,".\_ mﬁm tggcaacgtttggattgcaattccaagagattgcaatccaaacgttgcece
l]- \ ttttttcaccgttgcaaacctaacgttaaggttctctaacgttaggttt
I'H' _f gcaacggaaaaaagagct
“x
ﬂﬂhdm-gia
EcoRI {q:m:l I\ \\ Hpal (2945
1
1 |\ Xhol (2960)
Ventura, Meissner, Dillon, McManus, Y "I'B
Sharp, Van Parijs, Jaenisch and Jacks I| '| b HI (2971)
. W MotT (2983)
PNAS 2004 “Cre-lox regulated i
conditional RNA interference from | Agel (3616)
transgene”. CHY-GFP
loxF
active [SIN-LTR[| Psi [JePPT_| | DUs{lshANA_ G| EEFP{[E WRE || SIN-LTR[]
pSicoR §cre
loxP

inactive[SIN-LTR[] Psi [ cPPT] !IjlwnEI [SINLTR]]




Pz-HPV-7 cells - shRNA for TTL

(Lentivirus infection)

TTL-1 = -

Pa— 3lU-Tub

TTL-2



KODAK X-SIGHT 650 and 761 Nanospheres,
KODAK In-Vivo Multispectral Imaging System

KODAK X-SIGHT 640 LSS Dyes in vivo with Hasegawa, S., Yang, M., Chishima, T., Miyagi, Y., Shimada, H., Moossa, A. R., and

x-ray overlay Hoffman, R. M. In vivo tumor delivery of the green fluorescent protein gene to report
future occurrence of metastasis. Cancer Gene Ther, 7: 1336-1340, 2000.




in vivo molekularni vizualizace

Q

White light

Fluorescence

0h

48 h

White light | Fluorescence | Color-coded
fluorescence

9L-RFP 9L-RFP
oL-GFP»  Muscle QL-GFPe Muscle

&)
- Ny R
. ®

L

MN-NIRF-siGFP {3

Control

In vivo imaging of siRNA delivery and silencing
|n tU morS VOLUME 13 | NUMBER 3 | MARCH 2007 NATURE MEDICINE

Zdravka Medaroval3, Wellington Pham!-3, Christian Farrar!, Victoria Petkova? & Anna Moore!



biarsenical-tetracysteine system

m Nefluorescencni, membranové
permeabilni biarsénova znacka vytvari
kovalentni fluorescencni komplex s
Jjakymkoliv intracelularnim proteinem
obsahujicim kratky tetracysteinovy
motiv (CCPGCCQC)



biarsenical-tetracysteine system

Labelling in

live cells

-2 EDT
Mon-flucrescent Tetracysteine peptide fused to Fluorescent biarsenical-
biarsenical dye protein of interest and tetracysteine complax

(ReASH) as expressed in live cells
the EDT complex

Tetracysteina- 380 508 593
complex excitation

maxirnum {nm)

Tetracysteine- 430 528 608

complex emission
masdrmum {nm)

CREATING NEW FLUORESCENT
PROBES FOR CELL BIOLOGY

NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 3 | DECEMBER 2002 |




»High Throughput Flow Cytometry*

m automatizace + robotizace = urychleni a
efektivita sberu dat (mereni desitky
vzorku za hodinu s minimalnim
zasahem operatora )

m vyuziti principu vicebarevné analyzy

K. Soucek Bi9393 Analyticka cytometrie



Automatizovane¢ systemy meéieni vzorku
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Adaptér pro nasavani vzorki z
mikrotitrani desky




Automatizovany ,,microsampler*
systém

FLOW CYTOMETRY FRODUCTS
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K. Soucek Bi9393 Analyticka cytometrie


http://www.cytekdev.com/cd/

@ 2002 Wiley-Liss, Inc. Cytometry 47:183-191 (2002)
DOT 10,1002/ cyto. 10067

Mixing Small Volumes for Continuous
High-Throughput Flow Cytometry: Performance of a
Mixing Y and Peristaltic Sample Delivery

W. Covyt Jackson,' F. Kuckuck,' B.S. Edwards,' A. Mammoli,” C.M. Gallegos,” G.P. Lopez.’
T. Buranda,' and LA. sklar'”
!Department of Pathology and Cancer Research Facility, University of New Mexico Health Sciences Center,
Albuquerque, New Mexico
zl}eparmlent of Mechanical Engineering, University of New Mexico College of Engineering, Albuquerque, New Mexico
3[)epa1rrmem of Chemical and Nuclear Engineering, University of New Mexico College of Engineering,
Albugquerque, Mew Mexico

Received 26 July 2001; Revision received 13 December 2001; Accepted 18 December 2001

0 2001 Wiley-Liss, Inc. Cytometry 44:83-00 (2001

High Throughput Flow Cytometry

Frederick W. Kuckuck,' Bruce 8. Edwards,"* and Larry A. Sklar'®

'Cytometry, Cancer Research and Treatment Center, University of New Mexico Health Sciences Center,
Albuguerque, New Mexico
*Department of Pathology, University of New Mexico Health Sciences Center, Albugquerque, New Mexico

Received 18 September 2000; Revision Received 4 January 20001 Accepted 13 January 2001




AutoSampler Peristaltic
Pump
C
[T I eT e T
Cells/Beads

C

Flow
Cytometer

[ -—

Fic. 1. High throughput flow cytometry. A: Schematic view of the flow
cytometer, autosampler, and peristaltic pump. B: Adjacent samples of
latex microspheres separated by air in the (.02-in (254-pm) ID tubing
between the peristaltic pump and the flow cytometer.

[

S8C

(o

il

l_l...._..l:..] -

T T
- s

T
EE] = ] 58 w

FS -

500 pm ID, 20 rpm, 9 pl/s

FITC

Ll




Garry Nolan

Peter Krutzik

nature\methods

Techmiques for life

B High-throughput flow oytometry
B Measuring rapid newronal firing

»,Fluorescent cell barcoding“ T

M Live-cell imaging of RNA screens
B A review of force spectroscopy



http://www.stanford.edu/group/nolan/
http://www.stanford.edu/group/nolan/
http://proteomics.stanford.edu/nolan/
http://proteomics.stanford.edu/nolan/

Stimulate and treat with drug

@
L
E
=
c
T
o
Standard phospho flow
Permeabilize with methanol 102 10° 10% 105 102 10 10% 105
Pacific Blue Alexa 488
E W
E
=
c
D
o
107 10% 10 105 10 10% 10%* 10°
Alexa 700 Alexa 750
Phospho-antibody fluorescence Fluorescent cell barcoding in flow cytometry allows

high-throughput drug screening and signaling profiling.

Nat Methods. 2006 May;3(5):361-8.
K. Soucek Bi9393 Analyticka cytometrie


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16628206&query_hl=1&itool=pubmed_docsum
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Fluorescent cell barcoding in flow cytometry allows
high-throughput drug screening and signaling profiling.
Nat Methods. 2006 May;3(5):361-8.

K. Soucek Bi9393 Analyticka cytometrie


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16628206&query_hl=1&itool=pubmed_docsum

Biologické aplikace prutokove
cytometrie

m Cytogenetika
— analyza chromozém(

e karyotyp
e sortrovani
— chromozdmové DNA knihovny
— FISH znaceni (chromosome painting)

K. Soucek Bi9393 Analyticka cytometrie



Analyza a sortrovani chromozomu

Proc. Natl. Acad. Sci. USA
Vol. 76, No. 3, pp.1382-1384, Ma:

Genetics

Measurement and purification of human chromosomes by flow
cytometry and sorting

(isolated chromosomes/DNA cytophotometry/flow microfluorometer)
A. V. CARRANO, ]J. W. GRAY, R. G. LANGLOIS, K. ]. BURKHART-SCHULTZ, AND M. A. VAN DiILLA

Biomedical Sciences Division, L-452, Lawrence Livermore Laboratory, Livermore, California 94550
Communicated by Donald A. Glaser, December 18, 1978




Analyza a sortrovani chromozomu

m synchronizace bunek — zisk
metafaznich chromozomu
(colcemid, hydroxyurea)

®m izolace chromozomu

m znaceni DAPI nebo Hoechst vs.
chromomycin A3 (CA3) nebo
mithramycin

= celkova DNA vs. G/C-bohaté
oblasti

http://www.scienceclarified.com/Ca-Ch/Chromosome.html

interphase

metaphase '

http://www.nccr-oncology.ch/scripts/page9243.html


http://pubchem.ncbi.nlm.nih.gov/

nalyza a sortrovani chromozomu

Sheath

Piezoslectric
/ transducer

Photomultiplier

Puise height analysis,
sorting circuitry

@ © 1986 Nature Publishing Group http://www.nature.com/naturebiotechnology

HUMAN CHROMOSOME-SPECIFIC DNA
LIBRARIES: CONSTRUCTION AND AVAILABILITY

M.A. Van Dilla™, L.L. Deaven™ K.L. Albrighc*, N.A.Allen’, M.R. Aubuchon”,
M.F.Bartholdi’, N.C.Brown', E.W.Campbell’, A.V.Carrano”, L.M.Clark®, L.S.Cram",
B.D.Crawford', J.C.Fuscoe”, J.W.Gray", C.E.Hildebrand’, P.J Jackson®, J.H.Jett',
J.L.Longmire®, C.R.Lozes’, M.L.Luedemann’, J.C.Martin', ].§.McNinch',
l.,_].Mcinckef, M.L.Mendelsohn”, ]AMeyne', R.K. Moyzis*, A.C‘Munk*,].Pcrlman',
D.C.Peters’, A.].Silva", and B.J.Trask".

National Laboratory Gene Library Project, * Lawrence Livermore National Laboratory. Biomedical Sciences Division, University of
California, P.0. Box 5507 L-452, Livermore, California 94550, " Los Alamos National Laboratory, Life Sciences Division,
University of California, Los Alamos, New Mexico 87545, = To whom correspondence should be directed.
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HUMAN CHROMOSOME-SPECIFIC DNA
LIBRARIES: CONSTRUCTION AND AVAILABILITY

M.A. Van Dilla™®, L.L. Deaven'®,K.L. Albrighe‘, N.A.Allen”, M.R. Aubuchon’,

M.F.Bartholdi’, N.C.Brown’, E.W.Campbell’, A.V.Carrano’, L.M.Clark’, L.S.Cram’,

B.D.Crawford’, J.C.Fuscoe”, J.W.Gray", C.E.Hildebrand®, P.J.Jackson", J.H.Jett",

J.L.Longmire, C.R.Lozes’, M.L.Luedemann®, J.C.Martin', ].§.McNinch,

L..J.Meincke', M.L.Mendelsohn”, J.Meyne', R.K. Moyzis", A.C.Munk', ].Perlman",
D.C.Peters’, A.].Silva", and B.J.Trask’.
National Laborat

California, P.O. Box 5507 L-452, Livermore, California 94550, * Los Alamos National Laboratory, Life Sciences Division,
University of California, Los Alamos, New Mexico 87545, =~ To whom correspondence should be directed.

; Gene Library Project, ~ Lawrence Livermore National Laboratory, Biomedical Sciences Division, University of

CONSTRUCTION OF A PHASE | CHROMOSOME-SPECIFIC {#18)

HUMAN GENE LIBRARY IN CHARON 21A USING HIND Il {LLNL)

Grow cells (Human fibroblasts or hybrids)

Isolate chromosomes

Extract DNA (hi MW)

a .-
Hind Il Complete digest -

Ligate Arms snd

Grow Charon 21A
Hind 111

Extract DNA l

Ch21A DNA (41.7 kb)

Larm R arm

Hind Il Digest —_—

|

Phosphatase arms

L arm R arm

Human DN A Fragments i

W=

Holes (plagues)

Package recombinant molecules

Infect host E. coli cells

Phage multiply (amplification
= 108) & lyse hoat cells (plaques)

in vitro

Wash of f amplified, recombinant
. phage = Ehromosome-specific gene library

Charactesize (purity; representation)

Distribute; information repository

E. coli lawn


http://www.ensembl.org/
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Sortrovani chromozomu
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Current Protocols in Cytometry

Pisum sativum




Sortrovani chromozomu

A B Current Protocols in Cytometry
1000

800 —

600 —

400 —

DAPI fluorescence

200 —
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Mithramycin fluorescence
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Vicia faba

Peak Il Peak IV BIOLOGIA PLANTARUM 51 (1): 43-48, 2007 | [

Chromosome analysis and sorting in Vicia satfiva using flow cytometry

P. KOVAROVA! A NAVRATILOVAZ J. MACAS? and J. DOLEZEL!**




Aplikace prutokove cytometrie v
mikrobiologn

m ekologie
m potravinarstvi
m bioterorismus



http://www.cyto.purdue.edu/flowcyt/research/micrflow/

Aplikace prutokove cytometrie v
mikrobiologn

Relative Size Ratios for Bacteria, Yeast, and Eukaryotes

Measurement Bacteria Yeast Eukaryote
Diameter 0.5-5 3-5 1()-30)

Surface area 3-12 30-75 300-3000
Volume 0.3-3 20-125 500-1500
Dry cell mass 1 10 300-3000

Current Protocols in Cytometry




Aplikace prutokove cytometrie v
mikrobiologn

= viabilita
m metabolické funkce
m sortrovani

m analyza aerosolu (Fluorescence
Aerodynamic Particle Sizer (Flaps))




Aplikace prutokovée cytometrie v
mikrobiologn

m Sortrovani

— EPICS +
Autoclone®
modul

top view of petri dish
showing sort grid

Current Protocols in Cytometry



Fluorescence Aerodynamic Particle
Sizer (Flaps)
Opfical Components
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bunécné déleni
viabilita

membranovy potencial
respirace

produkce H,0,
citlivost k antibiotikim
separace
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Prutokova cytometrie kvasinek

http://www.sbs.utexas.edu/mycology/sza_images_ SEM.htm

% Saccharomyces cerevisiae
A
L)
i
LY
P
L]
1 .f »
-
’ 3 »”
w :
N o
N | 11T 1 1 1

F T T 1T 1 1T
10 20 30 40 50 60 70 80

Relative fluorescence
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Prutokova cytometrie kvasinek

Beer Quality

Masahito Muro,' Kenichiro Izumi, Takeo Imai, Yutaka Ogawa, and Motoo Ohkochi, Research Laboratories for
Brewing. Kirin Brewery Co., Ltd.. 1-17-1, Namamugi, Tsurumi-ku, Yokohama. 230-8628 Japan

Yeast Cell Cycle During Fermentation anc

I, Am. Soc. Brew. Chem. 64(3):151-154, 2006




Prutokova cytometrie v
hydrobiologni

m studium pico- a nano-
fytoplanktonu (< 20 uM)

m analyza metabolickych
funkci planktonu

m studium pigmentace
(analyza chlorofylu a
fykoeritrinu)




Prutokova cytometrie v
hydrobiologni

0 2001 Wiley-Liss, Inc. Cytometry 44:236-246 (2001)

Monitoring Phytoplankton, Bacterioplankton, and
Virioplankton in a Coastal Inlet (Bedford Basin) by
Flow Cytometry

W.K.W. Li" and P.M. Dickie
Biological Oceanography Section, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada

Received 4 October 2000, Revision Received 2 May 2001:; Accepted 2 May 2001

& 1989 Alan R. Liss, Ine. Cytometry 10:659—-669 (1989)

Using Phytoplankton and Flow Cytometry to Analyze
Grazing by Marine Organisms

Terry L. Cucci, Sandra E. Shumway, Wendy S. Brown, and Carter R. Newell

Department of Marine Resources (S.E.5.} and Bigelow Laboratory for Ocean Sciences (T.L.C., S.E.S.), West
Boothbay Harbor, Maine 04575; Chemistry Department, Bowdoin College (W.5.B.), Brunswick, Maine 04011: Great
Eastern Mussel Farms (C.R.N.), Tenants Harbor, Maine 04857

Received for publication November 2, 19858; accepted April 17, 1989




Prutokova cytometrie v
hydrobiologni

MARINE ECOLOGY PROGRESS SERIES

Vol. 185: 301-307, 1999 Mar Ecol Prog Ser

m analyza DNA o

Cytometric measurement of the DNA cell cycle in the presence
of chlorophyll autofluorescence in marine eukaryotic
phytoplankton by the blue-light excited dye YOYO-1

Published August 20

Frank J. Jochem'”, Doris Meyerdierks®

Institut fiir Meereskunde, Diisternbrooker Weg 20, D-24105 Kiel, Germany
*Universitat Bremen, FB II Meeresbotanik, Postfach 330440, D-28334 Bremen, Germany

Imantania

http://www.soes.soton.ac.uk/staft/tt/

rel. Number of Cells

Micromonas

L

rel. DNA Content

http://planktonnet.awi.de/portal.php?pagetitle=assetfactsheet&asset_id=15127



Prutokova cytometrie v
hydrobiologii
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Prutokova cytometrie bezobratlych

m |ze aplikovat bézné metodicke
pristupy a fluorescencni znacky

m Priklady aplikaci:
— bunécny cyklus
— cytotoxicita
— apoptoza



http://en.wikipedia.org/wiki/Image:Long_tongue_tachinid_fly_edit.jpg
http://en.wikipedia.org/wiki/Image:Miesmuscheln_Mytilus_2.jpg

Invertebrate Survival Journal

ISJ 2: 32-40, 2005 ISSN 1824-307X
Review
Flow cytometry as a tool for analysing invertebrate cells

A Cossarizza1, M Pinti1, L Troiand‘, EL Cn:mper2

! Department of Biomedical Sciences, University of Modena and Reggio Emilia, Modena, Italy
“ Department of Neurobiology, UCLA School of Medicine, Los Angeles, CA, USA




Shrnuti prednasky

= analyza DNA

= analyza bunécnych funkci

= fluorescencni proteiny

m  Flow cytometrické metody detekce apoptozy.

m  ,High-throughput® pritokova cytometrie ...

m ... auplatnéni vicebarevné detekce.

= sortrovani chromozémd

= aplikace v mikrobiologii, hydrobiologii a studiu bezobratlych

Na konci dneSni prednasky by jste méli:

1.  védét jakym zpiisoben je mozné analyzovat bunécny cyklus.

2. umét navrhnout dalsi parametr kombinovatelny s DNA analyzou.

3.  znét priklady bunécnych funkci které je mozné analyzovat na pritokovém
cytometru.

4. veédét co jsou to fluorescencni proteiny a jaké jsou vyhody jejich vyuZziti v

bunééné biologii.

5. védét co je to ,,high-throughput,, pratoka cytometrie
1. ...a jak se v ni mlze uplatnit princip vicebarevného znaceni.

6.  znat zdkladni principy méieni a sortrovani chromozoémui pomoci
pratokového cytometru;

7.  mit pfedstavu o moZnych aplikacich pratokové cytometrie v mikrobiologii,
hydrobiologii a studiu bezobratlych.

K. Soucek Bi9393 Analytickd cytometrie



