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Natural killer (NK) cells kill infected, transformed and stressed cellswhen an
activating NK cell receptor is triggered*. Most NK cells and some innate lymphoid cells
express the activating receptor NKp46, encoded by NCR1, the most evolutionarily
ancient NK cell receptor™”. Blockage of NKp46 inhibits NK killing of many cancer
targets*. Although a few infectious NKp46 ligands have beenidentified, the
endogenous NKp46 cell surface ligand is unknown. Here we show that NKp46
recognizes externalized calreticulin (ecto-CRT), which translocates from the
endoplasmicreticulum (ER) to the cell membrane during ER stress. ER stress and
ecto-CRT are hallmarks of chemotherapy-induced immunogenic cell death®®,
flavivirus infection and senescence. NKp46 recognition of the P domain of ecto-CRT
triggers NK cell signalling and NKp46 caps with ecto-CRT in NK immune synapses.
NKp46-mediated killing is inhibited by knockout or knockdown of CALR, the gene
encoding CRT, or CRT antibodies, and is enhanced by ectopic expression of
glycosylphosphatidylinositol-anchored CRT. NCRI-deficient human (and Ncrl-
deficient mouse) NK cells are impaired in the killing of ZIKV-infected, ER-stressed
and senescent cells and ecto-CRT-expressing cancer cells. Importantly, NKp46
recognition of ecto-CRT controls mouse B16 melanoma and RAS-driven lung cancers
and enhances tumour-infiltrating NK cell degranulation and cytokine secretion.
Thus, NKp46 recognition of ecto-CRT as a danger-associated molecular pattern
eliminates ER-stressed cells.
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-CD56 is a single transmembrane glycoprotein also known
as N-CAM (Neural Cell Adhesion Molecule), Leu-19, or
NKHL1. It is a member of the Ig superfamily. The 140 kD
isoform is expressed on NK cells and NK-T cells. CD56 is
also expressed in the brain (cerebellum and cortex) and at
neuromuscular junctions.

-lysosomal-associated membrane protein-1 (LAMP-1 or
CD107a) has been described as a marker of CD8+ T-cell

degranulation following stimulation.
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The NK cell receptor NKp46 recognizes ecto-
calreticulin on ER-stressed cells

a, Representative flow cytometry plots (left) and
percentage of degranulating NK cells isolated from the
blood of ten healthy donors (right), as measured by
surface CD107a, in response to uninfected and ZIKV-
infected JEG-3 cells (8 h coculture, E:T ratio 1:3). b,

NK cell-specific killing of uninfected and ZIKV-infected
JEG-3 cells. c, ER stress, as assessed by XBP1 splicing
(left) and increases in BIP (middle) and CHOP (right)
MRNA, in JEG-3 cells that were uninfected or infected
with ZIKV, HSV-2 or human cytomegalovirus (HCMV) for
1-2 days or treated with tunicamycin (Tu) for 1 day.
Indicated samples were pretreated with the ER stress
inhibitor salubrinal (n = 3 samples). mRNA levels, as
assayed by quantitative PCR with reverse transcription
(RT—gPCR), were normalized to ACTB. d, Effect of
salubrinal pretreatment of target cells on NK cell killing
of ZIKV-infected (top) and tunicamycin-treated (bottom)
JEG-3 cells (n = 6 samples). e, Effect of NKR-blocking
antibodies (Ab) on NK cell killing of uninfected or ZIKV-
infected JEG-3 cells (n = 3—7 samples). Ctrl, control. f,
Specific killing of the classical NK cell target

722.221 cells, or of uninfected or ZIKV-infected JEG-

3 cells by human NK cell line YT cells knocked out

for NCR1 or NCR3 or treated with control single-guide
RNAs (n = 3—6 samples). g, Representative flow
cytometry histogram (left) and mean fluorescence
intensity (MFI) of NKR—Ig fusion protein (NKp46—Ig and
NKG2D-Ig) binding to uninfected or ZIKV-infected JEG-
3 cells (right) (n = 3 samples). b,d—f, Specific killing
assessed by 8 h >1Cr release assay using an E:T ratio of
10:1 unless otherwise indicated. Data are mean £ s.e.m.
of at least three independent experiments or technical
replicates. Statistics were performed using two-tailed,
nonparametric, unpaired t-test (a,b), one-way analysis
of variance (ANOVA) (c), two-way ANOVA (e—g) or area
under the curve followed by one-way ANOVA (d).
*P<0.05, **P<0.01, ¥**P<0.001, ****P < 0.0001.
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Flow cytometry

For surface staining, cells were stained for 30 min on ice in the dark
with LIVE/DEAD-Violet stain (1:1,000) and then with primary
antibodies for 15—30 min in PBS and 2% FCS (followed by secondary
antibodies, when applicable, for 20 min). For protein—Ig staining, cells
were incubated with 50 ug ml=* fusion protein for 1 h at 4 °C and then
stained with fluorescent-anti-human IgG for 1 h. Cells were fixed in 1%
paraformaldehyde (Affymetrix) for 10 min before flow cytometry. Flow
cytometry was assessed on gated live cells (Supplementary Fig. 1). For
intracellular staining, cells were fixed and permeabilized using the
CytoFix/CytoPerm kit. One of the treated samples was used for isotype
staining, and MFI of staining with the isotype control antibody was
subtracted from MFI of the specific antibody. Analysis was performed
on a FACSCanto Il (BD). BD FACSDiva 8.0 (BD) software was used for
data collection, with analysis performed using FlowJo v.10.4.2
(TreeStar).


https://www.nature.com/articles/s41586-023-05912-0#MOESM1

Supplementary Figure 1 | Flow cytometry gating strategy

a.

Peripheral blood NK or YT NK cultured with JEG-3.
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Setting the agendainresearch

Comment

Replication

games: how to make

reproducibility research more systematic

Abel Brodeur, Anna Dreber, Fernando Hoces de la Guardia & Edward Miguel

Insome areas of social
science, around half of studies
can'tbereplicated. A new test-
fast, fail-fast initiative aims to
showwhatresearchis

hot —and what’s not.

684 | Nature | Vol 621 | 28 September 2023

nOctober lastyear, one of us (A.B.) decided

to run an ad hoc workshop at aresearch

centre in Oslo, to try to replicate papers

from economics journals. Instead of the

handful of locals who were expected to
attend, 70 people from across Europe signed
up. The message was clear: researchers want
to replicate studies.

Replication is sorely needed. In areas of
the social sciences, such as economics, phi-
losophy and psychology, some studies sug-
gest that between 35% and 70% of published
resultscannot be replicated when tested with

new data'*. Often, researchers cannot even
reproduce results when using the same data
and code as the original paper, because key
information is missing.

Yet most journals will not publish a repli-
cation unless it refutes animpactful paper. In
economics, less than1% of papers published in
thetop 50journalsbetween 2010 and 2020 were
some type of replication’. That suggests that
manystudieswith errorsare goingundetected.

After the Oslo workshop, we decided to try
tomake replication effortsinour fields of eco-
nomicsand political science more systematic.

ILLUSTRATIONS BY DAVID PARKINS



Reprodukovatelnost vysledku

Nature 533, 452-454 (26 May 2016) WHAT FACTORS CONTRIBUTE TO
do1:10.1038/533452a IRREPRODUCIBLE RESEARCH?

Many top-rated factors relate to intense competition
and time pressure.

IS THERE A REPRODUCIBILITY CRISIS? @ Always/often contribute . Some:times c:ontribute

7% 52% Selective reporting

Don't know Yes, a significant crisis
3% Pressure to publish
: |

No, there is no
crisis

Low statistical power
or poor analysis

Not replicated enough
in original lab

Insufficient
oversight/mentoring |

Methods, code unavailable

1,976

researchers

surveyed Poor experimental design

Raw data not available
from original lab

38%
Yes, a slight
crisis

Fraud

Insufficient peer review

onane Problems with

reproduction efforts

Technical expertise required
for reproduction

MONEY DOWN THE DRAIN 1iimer reeirener tme snd monse - Variability of

standard reagents

800 MILLION Bad luck

Annual spending 2015 Jan 2;116(1):116-26. doi: 10.1161/CIRCRESAHA.114.303819.
onpbaciantibocies Reproducibility in science: improving the standard for basic and

p'°‘e‘"'b?gs‘;zf‘2€era%?§§ > %//////// preclinical research.
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2015 Feb 5;518(7537):27-9. doi: 10.1038/518027a.

Reproducibility: Standardize antibodies used in research.
1 2

5

All costs estimates assume that 50% of antibodies are validated and that researchers buy ‘bad’ antibodies as often as they buy ‘good’ ones.
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WHAT FACTORS COULD BOOST
REPRODUCIBILITY?

Respondents were positive about most proposed improvements
but emphasized training in particular.

® Very likely © Likely

Better understanding
of statistics

Better mentoring/supervision
More robust design

Better teaching

More within-lab validation

Incentives for better practice

Incentives for formal
reproduction

More external-lab validation
More time for mentoring

Journals enforcing standards

More time checking
notebooks
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HOW 10 STOP DEEPFAKES
FROM SINKING THE INTERNET

Deceptive videos and images created using generative Al could sway
elections, crash stock markets and ruin reputations. Researchers are
developing methods to limit their harm. By Nicola Jones

his June, in the political battle lead-
Iing up to the 2024 US presidential
primaries, a series of images were
released showing Donald Trump
embracing one of his former med-
ical advisers, Anthony Fauci. Ina
few of the shots, Trump is captured
awkwardly kissing the face of Fauci,

676 | Nature | Vol 621 | 28 September 2023

a health official reviled by some US conserv-
atives for promoting masking and vaccines
during the COVID-19 pandemic.

“It was obvious"” that they were fakes, says
Hany Farid, acomputer scientist at the Uni-
versity of California, Berkeley, and one of
many specialists who examined the pictures.
On close inspection of three of the photos,

Trump’s hair is strangely blurred, the text in
the background is nonsensical, the arms and
hands are unnaturally placed and the details
of Trump’s visible ear are not right. All are
hallmarks — for now — of generative artificlal
intelligence (Al), also called synthetic AL
Such deepfake images and videos, made by
text-to-image generators powered by ‘deep
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‘What can researchers do to limit the impact
of fake images on science?

Science isn't immune to the problem of
Al-generated fakery. One concern is the
integrity of biomedical images such as
scans, microscopy images and western blots
— a standard technique in which distinctive
bands are created by proteins of various
molecular weights as they spread across

a gel. Fraudsters have long faked such
images using Photoshop or other image-
manipulation software, but that is often
detectable by a trained eye or by computers
that check for image duplication. Generating
images entirely with Al presents a bigger
detection problem.

Last year, Rongshan Yu and his colleagues
at Xiamen University, China, created scientific
images using synthetic Al to see how easily it
can be done’. They trained one generative Al
program to create new western blot images
from a training data set of 3,000 images;
and used another to insert features of
oesophageal cancer into an image of a non-
cancerous intestine. They then tested how
convincing the western blots were by inviting
three specialists to try to spot one fake in
a set of four images; two of the experts
performed worse than chance, and the third
fared better by spotting a visual clue to do
with the smoothness between the image
and the background. A computer system did
slightly better than the specialists.

In a larger study of 14,000 original
western blot images and 24,000 synthetic
ones, made using four different generators,
Anderson Rocha at the University of
Campinas, Brazil, and his colleagues found
that Al detectors trained on large data sets
achieved accuracies of more than 85%

(ref. 8). "This is just the beginning, where we
showed it's feasible. It's possible to do way

more than that,” Rocha says. He and his team
have a paper under review that extends their
methods beyond western blots, he says.
No one Nature spoke to could provide
proof that Al is being used by academics
to beef up their papers or funding
applications, but experts say it's likely. Wael
Abd-Almageed, an information scientist
and computer engineer at the University
of Southern California in Los Angeles,
says he knows of specific cases in which
academics have used Al to synthesize fakes,
but declined to divulge details. Researchers
investigating fake paper mills have said they
have seen.
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“I don’t know any
case yet of a
retracted paper that
used synthetic
creation to illustrate
the results in that
paper,” says Rocha,
who is working with
the blog Retraction
Watch on this issue.
“But it’s just a matter
of time, I guess.”
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A proposal for validation of antibodies

Mathias Uhlen!, Anita Bandrowski2, Steven Carr®, Aled Edwards?, Jan E].lenbergE, Emma Lundbergl,
David L Rimm®, Henry Rﬂdriguef, Tara Hiltke?, Michael Sn].'dt:r‘g & Tadashi Yamamoto?

We convened an ad hoc International Working Group for Antibody Validation in order to formulate the best
approaches for validating antibodies used in common research applications and to provide guidelines that
ensure antibody reproducibility. We recommend five conceptual ‘pillars’ for antibody validation to be used

in an application-specific manner.

Table 1 | Proposed conceptual pillars for validation of antibodies

Validation strategy Genetic Orthogonal Independent antibody Tagged protein expression IMS

Validation principle  The expression of the Expression of the Expression of the target The target protein is The target protein
target protein is eliminated target protein is protein is compared using  expressed using a tag, is captured using
or significantly reduced compared with an two antibodies with preferably expressed at an antibody and
by genome editing or RNA  antibody-independent nonoverlapping epitopes endogenous levels analyzed using MS
interference method

Validation criteria Elimination or significant  Significant correlation Significant correlation of Significant correlation Target protein
reduction in antibody of protein levels protein levels detected by between antibody labeling  peptides among
labeling after gene detected by an two different antibodies and detection of the epitope the most abundant
disruption or mRNA antibody and an recognizing independent tag detected by
knockdown orthogonal method regions of the same target MS following

(e.g., M5) protein immunocapture
Suitable for these WB, IHC, ICC, FS, SA, IP/ W8, IHC, ICC, F5, WB, IHC, ICC, F5, SA, IP/ WE, IHC, ICC, F5 IP/ChIP
applications ChIP, RP SA, RP ChIF, RP

WE, western blot; IHC, immunohistochemistry; ICC, immunecytochemistry, including immunofluarescence microscopy; FS. flow sorting and analysis of cells; 5A, sandwich assays, including
ELISA; IF, immunoprecipitation; ChIP, chromatin immunoprecipitatien; and RF, reverse-phase protein amays.

NATURE METHODS | VOL.13 NO.10 | OCTOBER 2016 | 825



CST Antibody Validation Principles

BINARY STRATEGY

COMPLEMENTARY RANGED
STRATEGIES STRATEGY
HETEROLOGOUS ORTHOGONAL

STRATEGY STRATEGY

MULTIPLE ANTIBODY
STRATEGY

https://www.cellsignal.at/about-us/cst-
antibody-validation-principles

Hallmark Strategy

® O ® 6 6

Description

Binary Model: Antibody signal is measured in model systems
with known presence/absence of target signal. Includes wild-
type vs. genetic knockout, targeted induction or silencing.

Ranged Expression: Antibody signal strength is measured in

cell lines or tissues representing a known continuum of target
expression levels. Includes siRNA and heterozygous knockout
assays.

Orthogonal Data: Antibody signal is correlated to target
expression in model systems measured using antibody
independent assays. Includes mass spectrometry and in situ
hybridization.

Multiple Antibodies: Antibody signal is compared to the
signal observed using antibodies targeting nonoverlapping
epitopes of the target. Includes IP, ChIP, and ChIP-seq.

Heterologous Expression: Antibody signal is evaluated in cell
lines following heterologous expression of native (or mutated)
target protein.

Complementary Assays: Antibody specificity may be
validated using complementary assays. Includes competitive
ELISA, peptide dot blots, peptide blocking, or protein arrays.
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% CD9 (E8L5J) Rabbit mAb
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For Research Use Only. Not For Use In Diagnostic Procedures.
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Applications: Reactivity: Sensitivity: MW (kDa): Source/lsotype: UniProt ID: Entrez-Gene Id:
WE, IF-IC. FC-FP, FC-L MR Endogenous 22.27 Rabbit IgG P40240 12527
Product Usage Information
Background
Application Dilution The CD9 antigen belongs to the tetraspanin family of cell surface giycoproteins, and is characterized by
Western Bloﬁing 1-1000 four transmembrane domains, one short extracellular domain (ECLT), and one long extracellular
. ’ domain (ECLZ). Tetraspanins interact with a variety of cell surface proteins and intracellular signaling
Immunofluorescence {Immunacytochemistry) 1:50 malecules in specialized tetraspanin-enrichad microdomains (TEMS), whare they mediate a range of
- i . . processes including adhesion, motility, membrane organization, and signal transduction (1). Research
Flow Cytometry (Fixed/Permeabilized) 1:50-1:200 studies demonstrate that CDS expression on the eqg is required for gamete fusion during fertilization (2-
Flow Cytometry (Live) 1-50 - 1:200 4). CD4 was also shown to play a role in dendritic cell migration, megakaryocyte differentiation, and
i homing of cord biood CD34+ hematopoietic progenitors to the bone marrow (5-7). In addition,
downregulation of CO49 expression is associated with poor prognosis and progression of several types
SIDI'EQG of cancer (8-10). Additional research identified CDS as an abundant component of exosomes, and may

Supplied in 10 mM sodium HEPES (pH 7.5), 150 mM NaCl, 100 pg/ml BSA, 50% glycerol and less than
0.02% sodium azide. Store 3t —20°C. Do not aliquot the antibody.

Specificity / Sensitivity
D9 (EBLS.} Rabhit mab recognizes endoganous levels of total CD protein.

Species Reactivity:
Mouss, Rat

Source / Purification

Monoclonal antibody is produced by immunizing animals with a synthetic peptide coresponding to
residues surrounding Leu119 within the extracellular domain of mouse CDS protein.

play some role in the fusion of these secreted membrane vesicles with recipient cells (11).
1. Hemier, M.E. {2005} Nat Rev Mol Cell Biof6, 801-11.

Le Maour, F. et al. (2000) Science 287, 319-21.

Miyado, K. et al. (2000} Science 287, 321-4

Kaiji, K. et al. (2000) Mat Genef 24, 279-82.

Mantegarza, A.R. et al. (2004) Blood 104, 1183-90.

Clay, D. et al. (2001) Blood97, 1982-9

Leung, KT et al. (2011) Blood 117, 1340-50

Miyake, M. et al. (1995) Cancer Res 55, 4127-31.

- Higashiyama, M. et al. {1995) Cancer Res 55, 6040-4.

. Uchida, 5. et al. (1998) BrJf CancerT9, 1168-73.

- Théry, C. et al. (1989) J Ca 47, 559-510.
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Western blot analysis of extracts from 293T cells, mock
transfected (-) ar transfected with a construct expressing
Iyc/DDK-tagged ful-length mouse CD9 protein (mCDS-
Iyc/DDK; +), using CD9 (EBLSJ) Rabbit mAb (upper) and
GAPDH (D16H11) XP? Rabbit mAb #5174 (lower).

Westemn blot analysis of extracts from various cell lines
using CD9 (EBL5SJ) Rabbit mAb (upper) and GAPDH
{D16H11) XP® Rabbit mAb #5174 {lower). Absence of

signal in BAF3 cells is predicted from RNAseq data and
confirms the specificity of the antibady.

co9

Flow cytometric analysis of live BAF3 cells (blue,
negative) and JAWSII cells (green, positive) using COY
{EBL5J) Rabbit mAb (solid lines) or concentration-matched
Rabbit (DA1E) mAb lgG XP? lsotype Control #3900
{dashed lines). Anti-rabbit 1gG (H+L), F(ab'); Fragment
(Alexa Fluor® 488 Conjugate) #4412 was used as a
secondary antibady.

Flow cytometric analysis of fixed and permeabilized BA/F3
cells (blue, negative) and JAWSII cells (green, positive)
using CD9 (EBLSJ) Rabbit mAD (solid lines) or
concentration-matched Rabbit (DA1E) mAb IgG XP®
|sotype Cantrol #3900 (dashed lines). Anti-rabbit IgG
(H+L), F(ab'); Fragment (Alexa Fluor® 488 Conjugate)
#4412 was used as a secondary antibody.

Confocal immunoflucrescent analysis of RAW 264 7 cells
(left, positive) or BAF3 cells (right, negative) using CD9
(EBLEJ) Rabbit mAb (green) and DAPI #4083 (blug).
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Reproducibility: expect
less of the scientific paper

Olavo B. Amaral & Kleber Neves

Make science more reliable
by placing the burden

of replicability on the
community, notonindividual
laboratories.

n 2018, we embarked on a journey to
assess the reproducibility of biomed-
ical research papers from Brazil. Thus
began a multicentre collaboration of
more than 60 laboratories to replicate
60 experiments from 2 decades of Brazilian
publications'. We randomly selected exper-
iments that used three common laboratory
techniques: the M1 assay for cell viability,
RI-PCRto specific ger RNAs
and the elevated plus maze to assess anxiety
inrodents.
Each experiment will be repeated in three
labs, and each lab has developed replication

© 2021 Springer Nature Limited. All rights reserved.

protocols based on the original article’s
written methods. The process of building,
reviewing and preregistering these protocols
has taken months of communication between
the coordinating team and the labs perform-
ing replications. We had intense arguments
around the meaning of positive and negative
controls and the merits of different metrics
to define replication success. We also spent
many hours on mundane tasks, such as stud-
ying the nutritional content of different
brands of bologna sausage to better emulate
acafeteriadietfed toratsin one experiment.

These are just some of the obstacles we

Nature | Vol 597 | 16 September 2021 | 329
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new automatic cell cloning assay (ACCA) for
determination of clonogenic capacity of CSCs
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. o= . re-culture after sorting (2D, 3D)
/; 4‘ wmn / ",\ Z 1
‘\ / N




Principy prutokove cytometrie a
sortrovani

m Svéetlo
m Fluorescence

m Zdroje excitace, opticke systéemy a
zpulsoby detekce fluorescence

= Fluidni systemy



Pojmy

Fotometrie:

Svétlo — elektromagnetické zareni viditelné lidskym okem (400-750
nm, nejcitlivéjSi ~ 550 nm). Pfi méfeni pod 400 nm (UV, IF) se jedna
detekci zafeni (radiometrie).

Energie zareni se vyjadruje v joulech

Svételny tok (radiant flux) je udavana jako hodnota energie v Case ve
wattech (1 watt= 1 joule/sekundu)

foton — elementarni Castice. Popisuje je jejich vinova délka, frekvence,
energie a hybnost. Zivotnost fotonu je nekoneéna (pfesto vznikaji a
zanikaji), existuji pouze v pohybu. Ma nulovou klidovou hmotnost, ale
nenulovou energii, definovanou vztahem E = hv, kde h je Planckova
konstanta a v frekvence. Nebot' ma energii, pusobi na néj gravitace dle

obecné teorie relativity a on sam gravitacné pusobi na okoli.
(http://cs.wikipedia.org/wiki/Foton)

Energie fotonu je vyjadfena jako E=hv a E=hc/A [v-frequency (Hz), c —
rychlost svétla (3x108 m/s), A-wavelength (nm), h-Planckova konstanta
(6.63 x 1034 J/s)]

v v ws

vinovych delkach.



Elektromagneticke spektrum

- Increasing energy
Increasing wavelength >
0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm I ecm Im 100 m
I L 1 I I I
Gamma rays X-rays Ulre- Infrared Radio waves
violet
Radar TV FM AM
Visible light

400 nm 500 nm 600 nm 700 nm




Rozptyl svétla

m Hmota rozptyluje svétlo vinovych délek které neni
schopna absorbovat

m Viditelné spektrum je 350-850 nm proto malé
castice a molekuly (< 1710 1) spiSe viditelné svétlo
rozptyluji

Pro malé dastice byl popsan tzv. Rayleightuv
rozptyl (scatter) jehoz intenzita je ~ stejna vSemi
smery

Rozptyl vétSich ¢astic charakterizuje tzv. Mieuv
rozptyl. Jeho mnozstvi je vetsi ve smeru v jakem
dopada svetlo na ozarenou cCastici ® na tomto
principu je zalozeno méreni velikosti castic pomoci
prutokovéeho cytometru

Rayleigh Scaltering Mie Scattering Mie Scattering,

- Iarg&r particlas

T et Shapiro p.106
http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html ;




Rayleightiiv a Mietiv rozptyl

m Rayleighttv rozptyl — molekuly a
velmi malé ¢astice neabsorbuiji,
ale rozptyluji svétlo které ma
mensi vinovou délku nez je
jejich velikost (modré nebe -
vzduch rozptyluje lépe kratSi
vinove délky)

m  Mieuv rozptyl je charakteristicky
pro Castice vétSi nez je vinova
delka svétla (bila zare kolem
slunecniho kotouce, mizné
svétlo)

- http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html
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Ohyb a rozklad svétla
Kratke vinove délky jsou
“ohnuty” vice nez dlouhé
7
o 4»/ g

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Elektromagnetike spektrum
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Pouze mala oblast spektra je pouzivana pro cytometrické aplikace

© J. P. Robinson, Purdue University
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George Gabriel Stokes (1819 — 1903)

Anglicky fyzik a matematik
plsobici na univerzité¢ v Cambridge

1852 — popsal fluorescenci
Nazev vznikl z anglického slova fluospar
(fluorit, kazivec = nerost CaF,)

- ke svému pozorovani pouzil roztok chininu,
jako zdroj svétla slunecni paprsky, jako
excitacni filtr slouzilo tmavé modré okenni

SklO d JakO emlsni ﬁltr bYIa pouilta Sklenlce http://www.nndb.com/people/131/000097837/
bilého vina
}Q\ {/ Solution o7 o7
o= a éﬂ\ G: C. Stok.es ” On. the Change .Of Refrangibility of
| cxciain IR v Light“ Philosophical Transactions of the Royal
ilter< nm ransmiis > 400 rm :
(oe-giass from = Society of London, 1852, vol. 142, p. 463.)
GG. Stokes )
[ 463 ]
HO " XXX. On the Change of Refrangibility of Light. By G. G. Srokes, M.A4., F.R.S.,
Fellow of Pembroke College, and Lucasian Professor of Mathematics in the
O University of Cambridge.
H;Cf

Received May 11,—Read May 27, 1852.
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Princip fluorescence

Fluorescence (patfi mezi fotoluminiscenéni zdreni, které je vyvolano bud 0c¢inkem
jiného dopaddajiciho zdreni, nebo Uéinkem dopadajicich castic) je vysledek fii
fdzového u jevu nékterych chemickyc Iatek - fluorochromd, fluorescenénich barev.

Faze 1: Excitace
- Zareni z externiho zdroje (napf. laser) excituje fluorofor.

T O @ - Tim vznika excitovany stav (S1').

Faze 2: Zivotnost excitovaného stavu
hv,, C_l-\: hv, @) - Excitovany S;C?V trva kr,étkou dvobu (_1—?0"-9 sekur?dy).
T - Fluorofor mliZze prochazet zménami a interakcemi.
- Ztraci ¢ast energie, vznikad uvolnény excitovany stav (S1).
- Nékteré molekuly nevraci energii formou fluorescencéniho zareni.
- To ovliviuje fluorescencni kvantovy vytézek.

Jablonski diagram , v s sv
9 Faze 3: Fluorescencni zareni

- Fluorofor emituje foton a vrati se do zdkladniho stavu (S0).

- Energie emitovaného fotonu (hvEM) je nizsi a ma delsi vinovou
délku nez excitacni foton (hvEX).

- Rozdil se nazyvd Stokeslv posun a je klicovy pro citlivost
fluorescencnich technik.

Moleculsr
Frobes
[ ]
K. Soucek Bi9393 Analyticka cytometrie



Charakteristiky fluorescence

* intenzita — pocCet fotont prochazejicich v daném sméru jednotkovou
plochou za jednotku ¢asu

* spektralni sloZeni — spektralni hustota fotonového toku na jednotkovy
interval vinovych délek nebo frekvenci

* polarizace — smér kmitani elektrického vektoru elektromagnetické viny
* doba dohasinani — je dana vnitini dobou Zivota excitovaného stavu, z
néhoz dochazi k emisi; izce souvisi s pochody vedoucimi k nezaiiveé

deaktivaci tohoto stavu

* koherenc¢ni vlastnosti — vztahy mezi fazemi svételnych vin



Fluorescencni spekira

Fluorescencni proces je cyklicky.
Kromé fluorochromu nevratné znic¢eného (photobleaching - ,,vysviceni*) mize byt
opakované excitovan.

Excitation Emission
spectrum  gx 1 EM1 Spectrum

Fluorescence excitation
Fluorescence emission

Ll T L) Ll 2 ) 1 ]

Wavelength

Excitation of a fluorophore at three different wavelengths (EX 1, EX
2, EX 3) does not change the emission profile but does produce
variations in fluorescenceemission intensity (EM 1, EM 2, EM 3) that
correspond to the amplitude of the excitation spectrum.

s
5
|0
Uﬁ
m
0 [
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Fluorescencni barviva
» Fluorescenéni barviva (fluorofory, fluorochromy) jsou chemické slouceniny, které obsahuji ve své molekule reaktivni skupinu,
ktera je schopna reagovat s nukleofilnimi skupinami (NH;, OH, SH).

» Obecné se fluorofory déli na vnitini (vlastni, intrinsic) a vnéjSi (nevlastni, extrinsic).

Vnitini fluorescence
* Vnitfni fluorescence bunék je dana pfitomnosti vnitfnich fluorofor(i, mezi které patfi proteiny, redukované formy NADH a
NADPH, vitamin A, cytochromy, peroxidaza, hemoglobin, myoglobin &i chlorofyl.

» Proteiny vyzaruji fluorescenéni zareni v UV oblasti spektra. Hlavnimi fluorofory v proteinech jsou aromatické aminokyseliny
(fenylalanin, tryptofan, tyrosin), jejichZz absorpéni i emisni pas lezi mezi 240 a 300nm.

+ Ostatni uvedené latky vyzafuji ve viditelné oblasti spektra (modr4, Zluta i Cervena).

Vnéjsi fluorescence
* Vngjsi fluorofory jsou pouzivany mnohem €astéji nez vnitini.
+ Jsou pfidavany ke studovanému vzorku a podle typu vazby jsou déleny na fluorescenéni znagky a fluorescenéni sondy.

Fluorescenéni znaéky
» NejCastéji se pouzivaji k fluorescenénimu znaceni proteind, ke kterym se vazou kovalentni vazbou.

* Nejznaméjsimi fluorescenénimi znackami jsou FITC (fluorescein-5-isothiokyanéat) a TRITC (tetramethylrhodamin-5-
isothiokyanat, tetramethylrhodamin-5-isothiokyanat).

Fluorescenéni sondy
» vnéjsi fluorofory, které se vazi ke struktufe nekovalentni vazbou a €asto pfi tom méni své fluorescenéni vlastnosti. Tyto
fluorofory jsou pouzivany ke studiu zmén konformace bilkovin, tloustky membran, membranového potenciélu apod.

» Kidentifikaci a vizualizaci nukleovych kyselin se pouziva fada fluorescenénich sond (napf: akridinova oranz, ethidium bromid,
DAPI a dalsi).

* Nejznaméjsi a také nejpouzivangjsi fluorescencni sondou pro vizualizaci veSkeré jaderné DNA je DAPI. Chemicky se jedna o
4',6-Diamidino-2-fenylindol. Jeho absorp&ni maximum je pfi 345 nm, maximalni fluorescence je pfi 455 nm (modry fluorofor

+ DalSim ¢asto pouzivanym fluoroforem je akridinova oranz. Jedna se o fluorescencni sondu, jejiz absorp&ni a emisni pasma se
liSi podle substratu, ke kterému je vazana DNA/RNA. Obé jmenované jsou vétsinou dodavany v podobé chloridovych soli.



Detekce fluorescence

Vybaveni pro fluorescenci

(1) zdroj excitace

(2) fluorochrom

(3) vinové filtry pro izolaci emitovanych fotond od excitovanych
(4) detektory pro registraci emitovanych fotond

Fluorescencni pristroje

- spektrofluorometer méfi primérné viastnosti objemu vzorku v kyveté.

- fluorescencni mikroskop popisuje fluorescenci jako jev v prostorovém systému souradnic
- flow cytometer méri fluorescenci v proudicim toku, umoznuje detekovat a kvantivikovat
subpopulace uvnitt velkého vzorku

Fluorescenéni signdl

- spekirofluorometer je flexibilni, umozniuje mérit
v kontinudinim spekiru excitacnich a emisnich
vinovych délek

- flow cytometr potrebuje fluorescencni znacky
excitovatelné

urCitou vinovou délkou.

\ Spectra

Bl Fiters

Intensity

Fluorescence pozadi

- endogeni slozky - autofluorescence

- nendvazané nebo nespecificky vdzané znacky
= reagencni pozadi

/O Signals

Wavelength ())

Vicebarevné znaceni
- dvé a vice znacek, zaroven monitoruje rdzné funkce
- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry

Moleculsr
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514 588 ABSORPTION FLUORESCENCE
| —

R-Phycoenythrin (pH 7)
Alaxa Fluor 546 (pH T)
Toxas Rod (pH 7)
BODIPY FL (MaOH)
Alaxa Flwor 488 (pH T)
Fluorescein (pH 8)
RAhodaming Red-X (MeDH)
Tetramathylhodamena (MaOH)
BODIFY TMA (MaOH)
BODIFY TR (MaOH)
YOYO-1 .+ DMA [pH 7)
DAP! + DNA (pH 7
Ireder-1 + Cad= (pH 7)
Cascade Blue (pH 7)
— Fura-2 + Ca® [pH 7)

— Aminomethylcoumarin (MaOH)

—— FM 1-43 + Lipid
e il— DHIC i 3) (MoOH)
e e— NEBD (MaOH)

e Carboxy SNARF-1 (pH 10)
———————— Lucilar Yellow tpH i
— Dansyl + R-MH; (MaOH)
e — Py ogidivam lodide + DNA (pH 7)

400 500 GO0 T00
Wavelength (nmj)

Fluorescence Output of Fluorophores
Comparing Different Dyes

Mouse 3T3

DNA ~
DAPI

N D D NN » D,
Q) o O O > o QO (SIS
¥ Ry SS :
QO @O y &O \O QO \/O Q)O & &O 7\, H | nd I I I

o

- Soucek Bi9393 Analytickd cytometrie



Fluorochrome chart
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http://www.abcam.com/secondary-antibodies/fluorochrome-chart-a-complete-guide

Procesy interferujici a detekci
fluorescence

O] Quenching - ,zhadeni“ fluorescence pomoci polarnich
rozpoustédel, téZkych iontu.

m Bleaching — zména struktury fluorescenéni

molekuly vedouci ke ztraté fluorescence (pusobenim
svetla a nebo chemickou interakci.

m Photon saturation - stav kdy mnoZstvi molekul
v excitovanem stavu odpovida mnozstvi molekul v
bazalni hladiné

K. Soucek Bi9393 Analyticka cytometrie



fluorescein goat anti-mouse IgG

hﬂulec:ulslr'
DPDbuE

Photobleaching
- irreversible destruction or photobleaching of the excited fluorophore
anti-human cytochrome oxidase subunit |
20 40
Oregon Green 514 goat anti-mouse IgG
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Zaklad pritokoveé cytometrie

Bunky v suspenzi
protékaji jednotlivé napfic
osvétlenou Casti kde

rozptyluji svétlo a emituiji
fluorescenci,

kterd je detekovanag, filfrovana a
prevedena na digitalni hodnoty

ulozené do pocitace

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Optika - zdroj svetla

nutnost zaostiit zdroj svétla na stejné misto, kde je zaostiren prutok bunék

Lasery
produkuiji jednotlivou vinovou délku svétla (325, 488, ~630nm)
poskytuji mW - W svétia
poskytuji koherentni svételny proud
Obloukové lampy (Arc-lamps), s ouc¢asnych systémech je jiz nenajdeme
produkuji smés vinovych délek, které musi byt filtrovany
poskytuji mW svétla
levné - air-cooled
nekoherentni svételny proud

- optlické kanaly

. cesta svétla z mista ozareni bunék k detektoru
- optické casti separuji urcité vinové délky

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



LASER(Y)

Light Ampriricahun by Stimulated ErmSSIcﬂ'l of Hadl.mmn

Laser € “"-:""""F*' = == Anode
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. - Chripuk _ _,_;Sg' High
congler Caliass ervelope
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http://en.wikipedia.org/wiki/Helium-neon_laser

- koherentni (souvisly svételny tok)

- monochromaticky A
A A NANID A
v v I4 A A T
- soustifedény ff\% 'g?’x‘ AR IR
AT

Thermal emitter Laser

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe. html (lamp)

- http://www.ilt.fraunhofer.de/eng/100053.html

c COHERENT|
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LASER vs. Arc lamp

How Flow Cytometers Work [ 125
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H.M. Shapiro, Practical Flow Cytometry, 4th ed.

http://www.olympusmicro.com/primer/anatomy/sources.html
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Optika - ,,Forward Scatter* kanal

- Cast svétla rozptylend ve stejné ose
jako je smér sveételného paprsku
« Intenzita ,,forward scatteru”

odpovidad velikosti, tvaru a optické
homogenite bunek

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




Forward Angle Light Scatter

Laser
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FALS
Sensor

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Optika - ,Side Scatter” kanal

. Cast svétla rozptylena kolmo do strany od
osy sméru svételného paprsku side (90°)
scatter channel

- intenzita ,,side scatteru‘ odpovida velikosti,
tvaru a optické homogenité bunck

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




90 Degree Light Scatter
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90LS Sensor

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




Optika - Light Scatter

. ,Forward scatter" zachycuje povrchove
viastnosti a velikost ¢astic

- muZe byt pouiit k rozliseni Zivych a
mrivych bunék

- ,,Side scatter" odpovidda inkluzim uvniir
bunek

mozno odlisit granularni a negranularni
populaci

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




Optika - fluorescencni kanaly

. fluorescence emitovand z kazdého
fluorochromu je detekovdana pomoci
specifického fluorescencéniho kanadlu

. specifita detekce je kontrolovdna
vinovou selektivitou filtru a zrcadel

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Fluorescence Detectors

IR TR A
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FALS Sensor

Fluorescence detector
(PMT3, PMT4 etc.)

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



(a propoustéji jinou)
- prechod mezi absorbanci a transmisi

neni presny; nutné specifikovat lom
svetla pri konstrukci filtru

«

CHREIA

Optika - viastnosti filtru
. jsou konstruovany z materidlu
absorbujicich uritou vinovou délku
N

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy


http://www.chroma.com/

Optics - viastnosti filtru

. ,Long pass" filtr propousti vinovou
délku nad ,fezanou" délkou

. ,Short pass" filtr propousti vinovou
délku pod ,fezanou' délkou

. ,,Band pass" filtr propousti vinovou
délku v okolo
mm specificke vinové delky

l original from Purdue University Cytometry Laboratories; modified by R.F. Murph




Standard Long Pass Filters

520 nm Long Pass Filter
Transmitted Light

| {

>520 nm
Light

Standard Short Pass Filters

575 nm Short Pass Filter
Transmitted Light

| é

<575 nm
Light

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy

Light Source

Light Source




Standard Band Pass Filters

630 nm BandPass Filter

White Light Source Transmitted Light

[

620 -640 nm Light

original from Purdue University Cytometry Laboratories; modified by R.F. Mur

phy



Optika - viastnosti filtru

« pokud je filtr umistén v 45° uhlu ke
zdroji svétla, svétlo, které ma projit

tak projde, ale blokované svétlo je
odrazeno v 20° Uhlu

. dichroickeé filtry, dichroicka zrcadla




Dichroic Filter/Mirror

Filter placed at 45°

Light Source Transmitted Light

Reflected light
original from Purdue University Cytometry Laboratories; modified by R.F. Murph




Optika - usporadani filtru

- k spole€Cnému méreni vice nez
jednoho ,scatteru” nebo
fluorescence , pouzivime
mnohonasobne kanaly (a detektory)

- multikandlové usporaddani musi
splhovat

spekiralni viastnosti pouzitého
fluorochromu

l spravny fad usporadani filtrd a zrcadel

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




Optika - detektory

e dva obecné typy detektoru

fotodioda
e v minulosti zejména pro silny signal (forward
scatter detector)
e souCcasnost — vysoce citliveé AVALANCHE"
fotodiody (APD)
fotonasobic (photomultiplier tube - PMT)
e citlivéjsi nez béznd fotodioda, muze byt
poskozen presvicenim

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Photomultiplier tubes (photomultipliers, PMTsys)

Incoming Photomultiplier Tube

Photon\ Window

c':?r?;?i.g 3 / m Dynodes "

Focusing ! |
Electrode ] ¢
'
\'Ioltage bropplng
Resistors -

Figure 1

d‘ Anode ﬂ

Zakladni charakteristika:

-vysoce citlivé detektory (jeden foton)
-velke zesileni signalu/nizky Sum
-velka plocha detekce

-rychla frekvence odpovéedi

-velké pracovni napéti (1000 — 2000 V)

http://hamamatsu.magnet.fsu.edu/articles/photomultipliers.html
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http://en.wikipedia.org/wiki/Photomultiplier

“bezna‘ fotodioda
Porovnani s PMT
Vyhody:

1. excelentni linearita signalu

2. rozsah spektralni detekce 190 nm to
1100 nm (silicon)

3. nizky Sum
http://en.wikipedia.org/wiki/Photodiode Odolnost vii¢i mechanickym vliviim

nizka cena

dlouhé Zivotnost

4.

5.

6. mala velikost a hmotnost

7.

8. Vysoka kvantova t€innost (~80%)
9.

Nepotiebuje vysoka napéti

Soucasnost: ,,AVALANCHE* fotodiody (APD)

Nevyhody

1. Mala plocha

2. Nemoznost integralniho zesileni
3. Mnohem nizni citlivost

4. Pocitani fotoni pouze u specialnich
produkta

5. Kratsi cas odpovédi

- Vysoce citlivé polovodice - srovnatelné s PMT

https://en.wikipedia.org/wiki/Avalanche photodiode

Multiplikation

K. Soucek Bi9393 Analyticka cytometrie



Example Channel Layout for Laser-
based Flow Cytometry

Dichroic PMT

Filters

Bandpass
Filters

PMT

Laser

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



BD FACSCalibur system

Fr
530/30
fssc 4ss/10
FL2  sgs5/42 90/10 Beam Splitter
b
FL4  661/16 | |, DM 560sP

;DM 640LP
Z

670LP Half-Miror

Fluorescence

-1 ?
2 Collection Lens

[ FL3

Beam Combiner

1
488 nm e
Blue Laser Red Diode Laser 488/10 SC Diode
~635 nm .
Focusing
Lens
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http://www.bdbiosciences.com/immunocytometry_systems/
http://www.bdbiosciences.com/immunocytometry_systems/

BD LSR II system

FL2
&§75/25
530:28 L
: -w SSC
. g B R ® |
-
-
~ 3 &
380 LP Pl FL6
-
FL5 / 241 510LP
T : Uso 660113 Hiter for 633n0m Laser
/ 620 SP Use 61020 liter 1oe 438nm Laser
51020 P
FL4 670 LP
Flucrescence FL3
Collection Lens
488 pass/
I I 633 reflect
325nm : Flow FSC
Laser Cell
UV pass/
488 & 633 reflect Focusing Lens

http://jcsmr.anu.edu.au/facslab/facs/LSR2.html


http://jcsmr.anu.edu.au/facslab/facs/LSR2.html

BD FACSVerse system

http://www.bdbiosciences.com/instruments/facsverse/features/index.jsp



http://www.bdbiosciences.com/instruments/facsverse/features/index.jsp

.

fluorescence objective lens
nazzle

& BD

Aria |l \
stream ___
cuvette flow cell
_'/f/ individual collection
fibers



. OP0800 Spectral analyzer

positioned to reduce fluorescent noise. They enable the
system to support 16 or more fluorescent parameters.

Microfluidics flow cell chip maximizes signal
with auto positioning to guarantee high sensitivity.
Made of durable plastic with an embedded quartz
cuvette, the chip is easy to replace when needed.

e
The Flowpoint detection system precisely tracks D
the core stream shape and position in the flow cell \;
as well as the cross sectional position of each passing H;

particle to provide highly reliable measurements.
This patented technology visualizes core stability
and enables the highest resolution.

Scatter analysis
Forward and Side Scatter parameters to allow relative
size and complexity measurements.

Emitted light is directed through through a 32 A unique prism collection system
Channel PMT that produces 66 data points of signal Delivers light through 10 consecutive prisms allowing
detection to analyze emitted photons from 420nm to optimal signal separation while minimizing light loss.

800 nm to ensure accurate visualization.
~— A

—
N

L

¥

—

~ brln.
_.f"' .
=




Image Stream & Flowsight Amnis —
kombinace pratokové cytometrie a analyzy
obrazu




STANDARD COLLECTION SYSTEM OPTIONAL COLLECTION SYSTEM
Image Channels: 1-6 Image Channels: 7-12

Prp prietary .
bl BRIGHTFIELD
SYSTEM

Laser Retro
System

Auto Focus & Velocity
Detection System

Filter Wheel D‘_C))

Hot Mirror

S+

Splitter
Decomposition Unit Optional MultiMag: 20X & 60X
LASERS
560 488 405
Bz Bz~ )g=)g =
o —— Optional Excitation Lasers

R

amnis

Optional Full Brightfield



Cell Signaling

Co-localization

Cell-Cell Interactions

Morphology

Internalization

DNA Damage and Repair

Cell Cycle and Mitosis

Autophagy

Targeted Immunotherapy

Stem Cell Differentiation

Cell Death

Parasitology

Microbiology

Oncology

Oceanography




CellStream, Luminex
- S—




ThermoFisherScientific: Attune
CytPix Flow Cytometer




SCIENCE 20 Jan 2022 Vol 375, Issue 6578 pp. 315-320

BD FACSDiscover S8
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https://doi.org/10.1126/science.abj3013
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|
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Upraveno podle J.P. Robinson Purdue University BMS 631



Octagon Detection System




“kostka” pro konvenCni
fluorescenCni mikroskop

_—" 1 Excitation filter

o

N 2 Dichroic mirror
3 Emission filter




Acousto Optical Beam Splitter AOBS®

Left: conventional beam splitting by dichroic mirrors requires many
optical elements with fixed properties.
Right: the AOBS™ is electronically adaptable to all tasks.

Jeica

MICROSYSTEMS




Acousto Optical Beam Splitter

%‘%la:atf;’ Undiffracted
Wave Zeroth
Acoustic Optical \ ~~/\/ Order
Extraordinary Absorber |—Axis o Beam
Wave s o >
Walkoff s
3 . é '
4( Diffracted
: Extraordinary
s d : Wave
ocuse!
Non-Polarized TeO, Crystal |
Input LIS Acousto-Optic
Basa ‘Runatble Fi eJ
Piezoelectric natomy an
Acoustic Transducer Diffraction
Walkoff Procees
A('.'(g')e : Radio
requen 5
= ﬁ‘;ﬁ:"" Figure 1

Acousto-Optic Tunable Filters in Confocal Microscopy ~

sLatser
Figure 2 Y
Helium
Single Cadmium~-
Mode Laser
Fiber (442 nm)

Undeﬂectgd
Light Beam

Cold

Dichromatic Hot
Mirror Mirror
(525 nm) (568, 648 nm)

Acousto-Optic , Mirror
Tunable Filter (442 nm)

http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html .
http://simple.wikipedia.org/wiki/Tellurium L,ewa

MICROSYSTEMS



http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html
http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html

Supercontinuum Generation

-a nonlinear process for strong spectral broadening of light

Al of e
Wnmatisaal Socwsy for
Addvansesient of Cytmairy

Supercontinuum White Light Lasers for
Flow Cytometry

William G. Telford,"* Fedor V. Subach,” Vladislav V. Verkhusha® Cytometry Part A o 75A: 450—459, 2009







The benefits of AOBS®

100

90 =

80

70 -

60

50 -

40 -

30
eAdaptable to any new dye i
8 lines simultaneously 10 -

: : i 0 | | A 1 Ll
.ReﬂeCted Ilght Imaglng 350 400 450 500 550 600 650 700 750 800
eHigh transmission »
. . . Transmission curves

.TrUIy Confocal - real Optlcal SeCtlonlng Blue: triple dichroic, blue, green, red
oFast switching Red: AOBS® tuned to 488, 543,594, 633 nm

Higher transmission, wider bands and steeper slopes with AOBS®

eFreely tunable
eFluorescence correlation spectroscopy
with multi-line lasers




Fluorescence Spectrum Viewers

spectrum-viewer

(‘V) BD https://www.bdbiosciences.com/en-eu/resources/bd-

ThermoFisher  https:/www.thermofisher.com/cz/en/home/life-
SCIENTIFIC science/cell-analysis/labeling-
chemistry/fluorescence-spectraviewer.html

o o http://www.biolegend.com/panelselector
x BlO nd http://www.biolegend.com/spectraanalyzer

The path to legendary discovery ™

http://www.biolegend.com/webtoolstab

- Fluoro Fi“der@ https://fluorofinder.com

K. Soucek Bi9393 Analyticka cytometrie


http://www.bdbiosciences.com/spectra/

Fluidics System

FiIters Detectors

Electronics System

Optics -
Convert to
System — — Digital = T
Filters — Wl
— ﬂ — SEEEEEEEEE
104 E
108 i
102 E
Detector 100 .
10° ;

Electronics System
10° 10 10? 10° 10*

sterbio.com/protocol-and-troubleshooting/flow-cytometry-principle
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