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Don't be afraid to
ask questions during
the lecture.
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FROM
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Introduction to Microscopy

Microscopy is the technical field that involves using r{"o;l::\
microscopes to see objects and areas of objects that g:E \(»«fgl,‘_
are not visible to the naked eye (objects that are ™ f»;sjﬁi_a‘
outside the resolution range of the normal eye). WIKIPEDIA
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Microscopy can be divided into three branches:
1) optical microscopy

2) electron microscopy

3) scanning probe microscopy

4) X-ray microscopy

How can we see objects?

Muscles to

Lens Move eye )
Retina

The eye as the visual organ
in combination with the
brain behind it — is the most
efficient image-processing
system available to date.

Muscles to
adjust lens

Cornea » Optic nerve

to brain

What if the object is too small?

Magnifying glass as the first aid to
see small objects.

Limitation: a magnification of more
than 8-fold or 10-fold is not
possible.

What if one lens is not sufficient?

If one lens is not sufficient,
several lenses can be
arranged one behind the
other. Lenses in objective
Soisimeh t \\ & eyepiece (ocular) cause
/ M \ multiplication of magnifying
//

/ \ effect principle of

Eyepiece —

Intermediate /\ \\
image forms —/— e |
here / il \
/AR

Objective —— | ™.

Larger image appears
in eye of observer

microscope.

Bi9393: Analytical cytometry — Microscopy techniques 2



History of Microscopy

Courtesy of Sona Legartova & Simran Negi
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Do you know microscope parts?

Eyepiece (Ocular lens)
Interpupillary adjustment

Eyepiece tube

Head

Nosepiece ———@

Objective ° Arm

Slide holder

Stage

Condenser \ .
: Fine focus
Iris Diaphragm
Coarse focus
A Stage controls

Light adjustment

IWluminator

Light switch
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Optical components of a microscope

The eyepiece (or ocular lens) is the lens at the top of a microscope that the viewer looks
through. Magnification of eyepiece ranges from 5x — 30x (10x standard eyepiece).

The eyepiece tube carries the eyepiece lens and holds it in the right place that aligns
perfectly with the objective lenses.

Objective lenses are the primary optical lenses for specimen visualization on a
microscope. Objective lenses collect the light passing through the specimen and focus
the light beam to form a magnified image.

Nosepiece is also known as the revolving turret. Nosepiece is a circular structure housing
the objective lenses. There are holes where the different objective lenses are screwed in.

The stage is a flat platform that supports the slides. The stage has a hole (called
aperture) for the illuminating beam of light to pass through. The stage clips hold the slides
in place.

Condensers are lenses that are used to collect and focus light from the illuminator into
the specimen. Condensers with an iris diaphragm are major components to achieve
Koéhler illumination (uniform illumination of the sample) reducing image artifacts and
providing high sample contrast.

Iris Diaphragm is located below the condenser
and above the light source. This apparatus can
be adjusted to change the intensity and size of
the cone of light projected through the slide.

The illuminator is the light source for a
microscope, typically located at the base of
the microscope. Halogen bulbs are commonly
used to provide a steady light source.
Currently, LED lights become more and more
popular.




Principles of Optical Microscopy: Magnification vs. Resolution

cao> el What is overall system magnification?

The Concept of Numerical Aperture for Objectives and Condensers

Objective and eyepiece increase overal system magnification.

Figure 2 !

N.A.=nxsina g
a,
n is refractive index of the immersion medium used between the

objective and object (n = 1 for air; n =1.51 for oil glass) Light Rays
Objective

Total magnification = objective magnification x eyepiece magnification Obiective c°°’:f""e
ondenser
P . o . a v 2
Magnification alone is not enough: The resolution matters.. 7/ ‘3"‘:§:u1~°— >/
Real Image . . . ) ) ) -l T ¥ b i S
Plane Fyepiece Light diffraction: If we look at the object through the microscope light ‘ Condenser-
will be diffracted. The smaller the object, the more pronounced the —— Rngie
diffraction of incident light rays will be. St conseres -
@ (b)
|"' Sharp images of small structure: microscope must collect as much Figure 1
I possible diffracted light (objective covers a large solid angle).
I
I Tube Numerical aperture (N.A.) of the objective: is a measure of the solid . N
' Length (opening) angle covered by objective. inmersian Ot in Opticsl Morossopy
: Distance Optical Axis
I
I
I

i ?
What does resolution actually mean? onecte

Objective Lens

Resolution of microscope (d): is a measure of the limit up to which Sl
two small objects are still seen separately. Cover Slip == o
b Working
?J;E;me d= AIZN'A' Light Rays Not Entering Objective Microscope Slide

A is wavelength of light, e.g. 550 nm (green),
2N.A. = (N.A.objective + N.A. condensor)
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Principles of Optical Microscopy: Parameters of objective

60x Plan Apochromat Objective Parameters of objective

/—-—\ Nosepiece
- Mounting

Infinity-Corrected Objective System

Eyepiece
Diaph

Mechanical tube length is defined as the distance from '

Plane.
Manufacturer | Thread the nosepiece opening, where the objective is mounted, to yopce |
the top edge of the observation tubes where the eyepieces
Flat-Field ég?rrer:::g: (oculars) are inserted. Tube length has been standardized to Srmeits_ W
Correction the Royal Microscopical Society (RMS) suggestion of 160 e
Lateral Numerical millimeters for finite-corrected transmitted light palls
Magnification Aperture microscopes. Infinity-corrected objectives project an g ——ube
Immersion image of the specimen to infinity, but the body tube of the —— P
spgg:?élal'ed Medium microscope must contain a tube lens. T nees
Tube Length Distance Cover Glass Thickness: Most transmitted light 3 — Objective— fi=2

objectives are designed to image specimens that are covered
by a cover glass (or cover slip). The thickness of these small

Magnification
Color Code

Front Focal
Plane of

7 Objective
Specimen

-ﬁg:ﬁ;se"sg Spring-Loaded glass plates is now standardized at 0.17 mm for most Figure 3
Retraction applications.
Figure 1 Stopper Coverslip # Thickness
Working Distance is the distance between 0 0.085-013 mm

the objective front lens and the top of the

1 0.13-0.16 mm
cover glass when the specimen is in focus. In = —

More information on most instances, the working distance of an
objective abbreviations objective  decreases as  magnification 2 0.18-0.23mm
can be found here: increases. 3 025-035mm
4 0.43-0.64 mm

1
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Optical Abberations & Objective Optical Correction

Common Objective Optical Correction Factors Optical abberations

10x Achromat 10x Fluorite 10x Apochromat
Spherical Aberration: occur when light Longitudinal and Transverse Spherical Aberration
waves passing through the periphery of a lens Eaie Shrole PF'%:;':'
are not brought into focus with those passing Confuslon. Lo
through the center. Waves passing near the —

center of the lens are refracted only slightly,
whereas waves passing near the periphery are =
refracted to a greater degree resulting in the

Transverse
™= | Spherical
Aberration

Paraxial
Rays

Simple Figure 2 L%n m:ldlnla!
. . . pherica
production of different focal points along the - Aberration
optical axis. Axial Chromatic Aberration

Blur = 0.30mm

Chromatic Aberration: is optical defect which results 1—
from the fact that white light is composed of numerous |,  __zu@ T
wavelengths. When white light passes through a convex G m—— 50
lens, the component wavelengths are refracted SENRELNS — 458 hr
Objective spherical Chromatic Field according to their frequency. Blue light is refracted to  —; ‘ Blur = 0.01mm
X i the greatest extent followed by green and red light, a i -
Type Aberration Aberration Curvature phenomenon commonly referred to as dispersion. {
- -
Achromat 1 Color 2 Colors No achroma: pial—
Plan Achromat 1 Color 2 Colors Yes Field Curvature: is the natural result of using Curvature of Field
lenses that have curved surfaces. When visible
Fluorite 2-3 Colors 2-3 Colors No light is focused through a curved lens, the
image plane produced by the lens will be
Plan Fluorite ~ 3-4 Colors 2-4 Colors Yes curved. When the image is viewed in the
eyepieces (oculars) of a microscope, it either -
Plan appears sharp and crisp in the center or on the Specknen =
Apochromat 3-4 Colors 4-5 Colors Yes edges of the viewfield but not both. Figure 1
ACH, Achromat; PL FL, Plan Fluorite; PL APO, Plan Apochromat o e
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Field of View: another parameter to consider when selecting objective

Field-of-view number, or simply the field number, is the diameter of
the view field in millimeters measured at the intermediate image plane.

How to choose corrrect objective?
Field Size = Field Number (fn) / Objective Magnification (Mo)

Higher magnification means smaller field size.

In early microscope objectives, the maximum usable field diameter
tended to be about 18 millimeters or considerably less, but with
modern plan apochromats and other specialized flat-field objectives,
the maximum usable field can sometimes exceed 28 millimeters.

)

e
%‘&

Choose a Specimen Field of View Choose a Specimen Field of View

' tomm | zom
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\_ Field of View Diameter  / \_ Field of View Diameter | i
1
1
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Microscopy techniques: How to selectrights scope?
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Field of View /7 mm

Most Popular Microscopy Techniques

10% E
ANDOR SRRF
10* k Widefield
Large scale
TEM / SEM
10° |
10‘5 1 ——
i Confocal ¢
CLEM‘I
IO'ZE
103L_ ey Bt e IR M o B Ry I >
107 10°? 10* 10° 10! 10° 10°

Resolution / nm



Brightfield, Darkfield, Phase contrast, DIC Microscopy

. . . Brightfield Darkfield
Brightfield Microscopy PLo 8
Brightfield microscopy employs a basic optical system where light is gathered [\ ]
by the condenser, transmitted through the specimen and into the objective lens. \‘_,\ //

Applications: examine cells, tissues, microorganisms, and structure of

materials Tl
#—— Scattered
. . . 2. Specimen ! light
Limitations: While effective for samples with sufficient contrast, brightfield
microscopy is challenged by transparent specimens. 3. Condenser
= Central
aperture
Darkfield Microscopy
4. Light source
Brightfield Darkfield

reaching the specimen. With a special condenser, light is directed at the
sample from the sides, creating a hollow cone of illumination. When a
specimen is present, it scatters the light, causing it to enter the objective lens.
This produces a bright image of the specimen against a dark background,
enhancing visibility, especially for unstained and transparent samples.

Applications: live, unstained specimens, such as bacteria, protozoa, and
spirochetes (in materials science to detect small particles and defects)

Limitations: The dark background can make it challenging to observe fine
details within the specimen, while dust and debris can appear as bright
objects, potentially obscuring the sample. In addition, the high light intensity
required for darkfield can potentially damage sensitive specimens.

1
1
- :
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
: 1
I
1 Darkfield microscopy achieves high contrast by blocking direct light from !
I
i i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
: 1
L i
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Brightfield, Darkfield, Phase contrast, DIC Microscopy

Phase Contrast Microscopy

A special condenser with annular ring and objective lens are used to convert
phase differences (invisible to the human eye) into amplitude differences
(visible as variations in brightness). This enhances the contrast of the specimen
without the need for staining.

Applications: widely used in cell biology to study living cells, observe
intracellular structures, and monitor dynamic processes

Limitations: often exhibit halo artifacts around the edges of structures, the
phase rings in the objective lens can slightly decrease the overall resolution,
requirement of specialised phase contrast objectives and condensers than
standard brightfield optics.

Differential Interference Contrast (DIC) Microscopy

DIC microscopy, also known as Nomarski interference contrast, employs
polarised light and a series of optical elements to create two slightly offset
beams of light that pass through the specimen. The differences in optical path
length between these beams, caused by variations in the specimen’s refractive
index, result in interference patterns that generate the image.

Applications: studying unstained biological specimens, such as living cells,
embryos, and microorganisms

Limitations: suited for thin, transparent samples with subtle refractive index
variations; requires specialized optical components, it increases the overall
cost of the microscope system
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Phase Contrast Microscopy

Brightfield

1. Objective
Phase plate ———= W

Lenses (

2. Specimen

Phase contrast

0%

3. Condenser lens

4. Annular ring —— —

5. Light source

Differential Interference
Contrast (DIC) Microscopy

to the Eyepiece

Amlyxer‘ b} Tl

Nomarski |
Prism P =

Objective *
Lens

Image plane

(phase shifted)

Scattered light

Sample —
\0 -

Condenser
Lens
Nomarski —
Prism L e
Polari:erq ) = /,/’
-

Light Source

1




Cells, cells, cells... How to visualize cellular processes inside cells?

eukaryotic cell

Proteins serve as the primary driving force behind nearly all cellular processes,
and their proper functioning is essential for the health and fitness of living organisms.

Exploring protein function represents a fundamental approach to unveiling the

molecular nature of vital cellular processes and their related changes underlying
disease development.
Yadav A.K. et al, bioRxiv, 2024



Antibodies

Immunofluorescence (IF)

An immunofluorescence experiment is based on the following principal steps:

1) Specific antibodies bind to the protein of interest.

2) Fluorescent dyes are coupled to these immune complexes to visualize the

protein of interest using microscopy.

Secondary

B Monoclonal antibody C Polyclonal antibody

Antigen binding sites

\

Fluorophore Selection Guidé

oA

N\

"

How to select

et \a"‘ibo""" good antibodies?
W, Fluorophore
. Primary At
antibody
The Human
- Protein
orophore Atlas
B —

CiteAB
Reagent
search

How to visualize proteins inside cells?

Protein tagging

Immunohistochemistry (IHC)

An [IHC experiment is based on the following principal steps:

1) Specific antibodies bind to the protein of interest.

2) Colorimetric detection - Alkaline Phosphatase (AP) and Horseradish
Peroxidase (HRP) conjugates are coupled to these immune complexes to
visualize the protein of interest using microscopy.

@ Sample collection @ Immunohistochemistry assay @ Microscopy and data analysis

. :.‘ DAB
i HRP-polymer ° Pancreatic
' \ Y p islet cells

Secondary antibody — ®4" Brown

k “ @ precipitate —
Primary antibody —_ \
N

Amtigen\D Tissue layer
[ Stained cells appear brown

under the microscope

Tissue layer

Nuclear a Normal b Low-grade ¢ High-grade

P | 1 N
& A e
" L% _?"L‘} 3 L""“
bl :

. o
o~
2

Figure 2 | Minichromosome maintenance 5
(MCMS5) in normal and dysplastic cervical
epithelium. Frozen sections of normal cervix (a),




The discovery of Green Fluorescent Protein (GFP)

< Nobel prize: ‘for

Discovery of six GFP-like
- the discovery and

i proteins in fluorescent corals, . . .~%® . \(*WW
M. Chalfie - including red protein DsRED - ¥ £ 77 development of the
expresses Y . (M. Matz & S. Lukyanov) " 4\ . green fluorescent

protein, GFP’

GFP in E. coli

| 1994 1994-1998 2000-2002 |
1992 |
= SCIENCE Tsien produces
O. Shimomura » = M. Chalfie Tsien and collaborators tweak variants of DsRED
purifies GFP o o )épresse s |  thestructure of GFP to produce ’”Cdl"’d,’”kg red, orange
from Aequorea ' GFPin| Ccyan, blue and yellow variants. ana pin
victoria % C. elegans
> ' GFP-derived mRFP1-derived  Evolved by SHM
4 '8 o N 7~ ——— //\“
« . Exc. 380 4331452 488 516 487504 540 548 554 568 574 587 595 596 605 590 nm
Em. 440 475505 509 529 s37562 553 562 581 585 596 610 620 625 636 648 nm

R. Y. Tsien shows that ‘

GFP chromophore i N -
formecd ';zgocpheor;?cz ' ' ' ' ' ' ' ' ' ' ' | | | | r
m m m 3 3 g 3 3 3

< Wi . ‘ .
reaction that requires @ m m < 3 3 383333 33 3 Osamu Martin
oxygen. 3 % 4 2 3 2 § $ % 5 3 8 8 5 § Shimomura Chalfie Tsien
o3 35 2 3§ =338 83?3
= & » 6 & = § - a8 N
3 2 3 3 3
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GFP in bioimaging of cellular processes

Dlscovery of Six GFP-IIke

Imaging of proteins in living cells &
development of biophysical technigues (FRAP,
FRET, FLIP, FLIM, FCS, FCCS) to study

protein dynamics and interaction in living cells.

I

o A " O
. T b 2
Raol o 4“? ."‘

Ly Papes
R
,.‘ﬁf

10,00 pm

Production of endogenous MCM4
Bleach-chase: U20S MCM4-GFP,
cells, Perkin Elmer Spinning disc, 60x

BUT...

multiple cell line generation
for imaging protein of interest
by different fluorescent colours

fusion GFP with additional
tags for protein degradation
(AID — auxin inducible degron)

adding tags for protein
purification (FLAG, His etc.)

{

— _ 7 7
- = - T o
oxygen. <% v 94 ~ S % 8 § 8 § 3 8 9§ 8
0O 2 8 @8 28 @ = 3 B % B
Eﬁng:.S'QAgN

> @ = =
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R

®  Nobel prize: 'for
: <= the discovery and
‘""“\ W . development of the
A - green fluorescent

. L e protein, GFP’
2000-2002
—@ O
‘ 2008

Tsien produces
variants of DsSRED
including red, orange
and pink

Martin
Chalfie

Osamu
Shimomura

Roger
Tsien



HaloTag technology: Powerful and Universal tagging

i B
( \‘_f\?a( 1985 purification & characterization
’\\ Y from Xanthobacter, Keuning S
SAH)\3 - et al, J. Bacteriol, 1985
e, 0
i\ )/ Haloalkane
\ Visualization of MCM2-7 helicase turnover in

"~ dehalogenas
living cells by dual HaloTag labelling protocol

development of JF
HaloTag fluorescent
ligands by

J.6rimm & L. Lavis

— Pulse-Chase: U20S MCM4-Halo (JF549 pulse, JF646
hhmi janelia chase), PCNA-RFP cells, Perkin Elmer Spinning disc, 60x

Research Campus

HaloTag ligands rainbow

Oregon diAc
Coumarin Green FAM JF646 BIOTIN PROTAC

(191144

HaloTag applications:
v’ in vivo & in vitro cellular imaging by
different fluorescent colours

—

@)

v' subsequential labelling with two Halo ligands

v’ protein degradation (PROTAC ligands)

v’ adding tags for protein purification &
interaction (BIOTIN ligands, HaloTrap
beads)



Whenever using Imaging approach, make sure that your probes are reliable...

An example of cell line validation:

How do you validate your antibody?

Genetic

strategies

Knockdown (down-
regulation) or Knockout
(removal) methods are

used on the target

protein to confirm
antibody specificity

CiteAb

Antibody validation techniques

o OR

Orthogonal
strategies

Antibody independent
methods and antibody
dependent methods are
used in parallel and
results compared to
confirm the antibody
works as expected

Independent

antibody strategies

Two or more antibodies
against different
epitopes on the same
protein are compared
to show if the antibody
is specific to the target

Tagged proteins/

Recombinant expression

Comparison between
an over-expressed or
tagged protein and a
control sample
demonstrates antibody
specificity

IP followed by
MS

Antibody-target binding
is compared to the
results when the target
is immunoprecipitated
and undergoes mass
spectrometry

https://pubmed.ncbi.nlm.nih.gov/27595404/

How do you validate your cell line?

» Genome: integration of the tag (PCR, sequencing, etc.)
» Protein expression: level of expression (compared to naive cells)

» Protein function: dynamic behavior, interacting partners

» Off-target effects: cell cycle regulation, genome instability etc.

Replication
factories
(CDC45-GFP)

/b\
®

CRISPR-tagged
MCMs

.

1508 bp
GFP
716bp

Genomic sequence
Homology ams

*+  Forward primer
Reverse primer

Polasek-Sedlackova et al, Nature Communications, 2022

CDCA45-GFP

mean intensity (arb. units)

4n

»
DNA content (DAPI)

mean intensity (arb. units)

EdU

>
DNA content (DAPI)

DMSO

< [l I
E L. 2n 4n

DNA content (DAPI)

nintensity (A.U.)

ATRi

CRISPR-tagged MCMs
mean intensity (A.U.)

DMSO

1
2n 4n
DNA content (DAPI)

ATRi

A

Antibody-based MCM detection

inactive
MCM2-7

e
active replisome

Polasek-Sedlackova et al, Nature Communications, 2022

B

inactive
MCM2-7




Be aware of the properties of fluorescent probes...

Reminder: Principle of fluorescence

When an electron is hit with
a photon of a certain energy
range, the electron absorbs the
energy of the photon and jumps
up to a higher energy state
(S; , S, , or S;). To return to
the ground state (S, ), the
electron releases the additional
energy as the emission of a
photon. The energy of this
photon is less than the excitation
energy so it has a longer
wavelength.

Excited state

a

excitation

shorter wavelength,

longer wavelength,
higher energy

less energy

Ground state

How to select good fluorophores?

Fluorophore Properties:

Fluorescence
SpectraViewer

v

Properties of Fluorophores

PROTEINTECH CORALITE FLUORESCENT DYES

Excitation maxima (ExMax) is
the wavelength of light most "
efficiently absorbed by the %
fluorophore.

g8 38

% Excitation/Emission

Emission maxima (EmMax) is
the wavelength of light that 10

will be emitted from the w0
fluorophore at the highest
intensity.

700 800 900

400
Wavelength (nm)

Coralite Plus 405 Ex Coralite Plus 488 Ex Coralite Plus 555 Ex Coralite 594 Ex Coralite PLus 647 Ex
Coralite Plus 405 Coralite Plus 488 Em  — Coralite Plus 555 Em  — Coralite 594 Em Coralite Pius 647 Em

Quantum yield (¢) of a fluorophore is the ratio of the number of released
photons to the number of absorbed photons. The quantum yield is often
expressed as a value from 0-1, which 1 being 100% efficiency of photon
conversion.

Extinction Coefficient (€) of a fluorophore is the amount of light of a specific
wavelength that can be absorbed by a given material in solution.

Fluorescence Lifetime is the amount of time that an electron spends in
the excited state before releasing a photon and returning to the ground state.

Photostability is the ability of a fluorophore to resist damage (photobleaching).
Photobleaching is a phenomenon in which a fluorophore will "burn out" and
cease to fluoresce after continual, high-intensity excitation.

Coralite Plus 750 Ex
oralite PLus 750 Em



Widefield Fluorescence Microscopy

Widefield Fluorescence Microscopy

In brightfield microscopy, the sample is illuminated with transmitted white
light. This creates an even illumination of the sample under the microscope to

detector A
observe highly contrasted, stained or naturally pigmented samples. However, //
brightfield is not sufficient to distinguish between transparent/translucent, A
unstained cells or cellular structures to study processes of interest.

ocular o \
. emission filter W
Fluorescence microscopy relies on the use of fluorophores, molecules that V)
emit light of a specific visible wavelength when exposed to light of a different /@

wavelength. When these fluorophores are bound to a targeted structure of
interest, photons emitted from the fluorophore can be used to visualize this
structure of interest.

dichroic mirror
—_—

specimen

My
=
=

light source

Important components of the fluorescent microscope
. . . . excitation filter
Light source: requires intense, near-monochromatic (only one frequency),
illumination (e.g. xenon arc, mercury-vapor lamps, and high-power LEDs.).

Excitation Filter: placed within the illumination path of a fluorescence
microscope. It filters out all wavelengths of the light source except for the
excitation range of the fluorophore or specimen under inspection.

Dichroic Mirror: placed between the excitation filter and emission filter at a 45°
angle. The dichroic mirror acts as a wavelength-specific filter that transmits
fluorescence to the eyepiece or a detector.

Emission Filter: placed within the imaging path of a fluorescence microscope. It
filters out the entire excitation range of the fluorophore under inspection and
transmits the emission range of the fluorophore.
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Confocal Fluorescence Microscopy

Confocal Fluorescence Microscopy

Camera or Detector or
Photomuliiplier Tube

Confocal microscopy is a powerful technique that overcomes the limitations of
widefield fluorescence microscopy by significantly enhancing image resolution

&'. light source w
and contrast. :

Detector
Pinhale Aperture

In-Focus Emission

Light Ray Out-of-Focus

~*— Flyorescence
Emission Light Ray e )

Emission Filter =g v
Laser I light source

Components of Confocal microscope

Light source: coherent monochromatic light - Laser (light amplification by
stimulated emission of radiation)

pinhole aperture

Dichroic Mirror
- | L
Multiple o o
SunLight) Frequencies Excitation Filler e
y Non-Coherent /
- Light Source Objective
o 3 A Single Pinhole Aperture specimen

@ N NN A~ Frequency, I

Non Coherent ~a—Exdlafion Light Ray

Focal lanes { %\L
F X

Incandescent

Bulb widefield microscope confocal microscope

Single

B NAANAAAA T
quency,
| Hight: Coherent

/

Pinhole: an essential component of confocal setups, it acts as a spatial filter. It
prevents any light that is not confocal to the objective focal plane from interfering
with the image.

Specimen

Stepper Motors: allows the laser beam to travel incrementally across the sample,
obtaining x and y scans collected along the z-axis. This automates three-
dimensional data being collected, making it easy to create a 3D image.

Photosensitive detectors (photomultipliers,

Side-On Photomultiplier Anatomy

photodiodes, and solid-state charge-coupled devices -
(CCDs)). In confocal microscopy, fluorescence EII‘E"“‘"" ) imodes

emission is directed through a pinhole aperture v

1
1
1
1
1
1
1
:
. . . - . - . . . 1
Objective: a high numerical aperture (NA) objective is typically used to achieve
) g P (NA) ob yp y i positioned near the image plane to exclude light from
1
1
1
1
1
1
1
[

high resolutions. Water or oil immersion designs are often used to adjust for
refractive index mismatch between the aqueous medium many live samples are
kept in. Long working distances are required for thick specimens and 3D
imaging/optical sectioning.

Photocathode

= Insulator

fluorescent structures located away from the objective ruu Focusing

Base Electrode Figure 1

focal plane, thus reducing the amount of light available
forimage formation.
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Confocal Fluorescence Microscopy

Confocal Fluorescence Microscopy

Confocal microscopy is a powerful technique that overcomes the limitations of
widefield fluorescence microscopy by significantly enhancing image resolution
and contrast.

Components of Confocal microscope

Light source: coherent monochromatic light - Laser (light amplification by
stimulated emission of radiation)

\ ~ N Multiple
| SunLight) N - = Frequencies
\ / Non-Coherent

Single
Frequency,
# Non Coherent

@@=
Incandescent
Bulb

Single

B NAANAAAA
Frequency.
Light Coherent

Pinhole: an essential component of confocal setups, it acts as a spatial filter. It
prevents any light that is not confocal to the objective focal plane from interfering
with the image.

Stepper Motors: allows the laser beam to travel incrementally across the sample,
obtaining x and y scans collected along the z-axis. This automates three-
dimensional data being collected, making it easy to create a 3D image.

Head-On Photomultiplier

Photosensitive detectors (photomultipliers,
) Dynodg Chain

photodiodes, and solid-state charge-coupled devices
(CCDs)). In confocal microscopy, fluorescence — -7
. A

1

1

i

Anode 1

1

1

:

emission is directed through a pinhole aperture : - 1
Window b | :
1

1

1

1

1

1

1

1

1

Photocathode

Objective: a high numerical aperture (NA) objective is typically used to achieve
high resolutions. Water or oil immersion designs are often used to adjust for
refractive index mismatch between the aqueous medium many live samples are
kept in. Long working distances are required for thick specimens and 3D
imaging/optical sectioning.

ositioned near the image plane to exclude light from - :
P ge P & = Niva “.""""__"19

fluorescent structures located away from the objective B

. . . oltage
focal plane, thus reducing the amount of light available Figure3 Dividers
forimage formation.

Power Supply

[ B B B B B e
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Types of Confocal Fluorescence Microscopy

Laser Scanning Confocal Microscope

LSCM utilizes a focused laser beam and multiple mirrors (typically 2 or 3
scanning linearly along the x- and the y-axes) to scan the sample point by
point. While this approach offers exceptional image quality, it can be time-
consuming (large samples or live Imaging).

T
ANNNNNNRNNRY

ANNNNN

FIG. 3.

oY

NNNNNNNNN

INVENTOR.
MARVIN MINSKY

BY
ATTORNEY,

LSCM scanning principle

X-Scan -~

Galvanometer—
Mirror

—» Y-Scan

Laser
' \

Mirror *
Translation A
(a) z
- ‘
Slide Specimen Trahrﬂtl.'.rlr:tgon

- X -
LSCM Scan Pattern

Laser Point-Scanning
Confocal System
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Spinning-Disk Confocal Microscope

Spinning-disk microscope utilises a spinning disk (Nipkow disk) with
multiple pinholes to simultaneously illuminate different parts of the sample,
accelerating image acquisition. This reduces excitation energy and
decreases phototoxicity and photobleaching of a sample, often making it
the preferred system for imaging live cells or organisms (protein dynamics).

Yokogava

Paul Gottlieb Nipkow

Mojmir Petran, Milan Hadravsky

Rotation Direction Spinning-disk scanning principle

Incoherent
Microlens Li) —Light Source
Array
Semsoter cco
Nipkow phts
D[:sks ! 4 . ] f ; f
A=z Lens 13 '
" Dichromatic RIS
Pinhole i Mirror ‘ . ~»o»::;/f_ ‘
g+ ®) -~ X -
Are:‘ I g:rmln j=Objective
Caatoan > | Spinning Disk Scan Pattern
System - =~ ~Specimen
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Widefield vs Confocal Microscopy:

1 1
3 . . I
Widefield microscope i Digital microscopy is a type of optical microscopy that uses optics and a i
| digital camera to display images on a monitor of a computer (operation of I
Jget images quickly i microscope through acquisition and analysis software). H
1
v can observe them directly in the ocular i more details about the camera, image acquisition & analysis -> next lecture i
. . . o o o o 1
v Maintenance cost is low compared to the confocal microscope.
detector PTM detector

X arisk of high background
Xrisk of channel-to-channel bleed-through (when fluorescent

[:] ocular detector D

pinhole aperture

. . issi light source
dyes have overlapping spectral profiles). *lter . m—— iesion pinhols aperture
X excitation wavelength bands depend on the filter sets available; dichroic //—I—{QF difc‘::ic I I -
mirror . 0
this can be a limitation. L light source e | | laser
excitation
filter excitation
e o o o e o e e e B B 1 filter
[— Objeaive excitation light
objective === in-focus emission light
--------------------------------------------------------------------------- | out-of-focus emission light
. y
Confocal microscope .
/7 Pricslipanys
specimen specimen

v superiorimage quality and improve the signal-to-noise ratio
v flexibility in terms of excitation and emission of wavelength
parameters reduces channel-to-channel bleed-through

Think about your experiment!

For most uses, a widefield fluorescence microscope is sufficient
and provides the best trade-off between quality, speed, ease of

X time-consuming (depending on the scanning speed) use, and cost.

X more complicated image acquisition procedure compared to

widefield A widefield fluorescence microscope is a perfect tool for initial

X confocal images are only obtained digitally from the PMT detector
(the signal observed through the ocular lens is a widefield image)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
v/ examination and 3D reconstruction of thick specimens !
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

screening, verifying the quality of staining of the sample before
approaching the confocal microscope.
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High-content imaging (screening) technology

....................................................................... Typical high-content Imaging workflow

High-content imaging technology is mainly based on
automated digital microscopy and flow cytometry, in
combination with IT systems for the analysis and storage of the
data.

Incubation with
= molecules from a
library

,,,,,,,, Z 5 Automatized
— seeding in
multiwell plates

Cell amplification

Staining (viability, specific
proteins, etc.) on live or
fixed cells

Common workflow:

1) Acquisition of large amounts of data to obtain spatially or
temporally resolved information on an event
2) Automated multiparameter analysis of acquired data

Ly
Quantitativeimage ~ _ Automatized microscopy = '{'f"’.:..’:f':‘&!

Purpose:

analysis
1) fundamental biological research Hardware ScanR system
2) drugdiscovery to identify substances such as small Arrayscan ImageXpress ht Al Endeavour GT ns
molecules, peptides, or RNAi that alter the phenotype of Sl S w =% w!
a cell in a desired manner. : 4
Opera Phenix YokogawaLCVSOOO Yokogawa SS2000
Options: —— R =5 =
p | R S
1) Widefield microscopy g -~ Y e
2) Confocal microscopy (usually spinning disk) ©@Spotfire’ P

3) Near-super-resolution (e.g. dual spinning-disk confocal
microscopes)
4) Combination of widefield & confocal imaging

R

Ce“Profiler TIBCO Software g

cel image analysis softwa pLJthon §
ADVANC D ﬁ oY

L

A ol CZLL CLASSIFIZR £

DEF:NIENS Q) Core Life Analytics

Understanding Images Pyt
Y




High-content imaging (quantitative image-based cytometry) of DNA replication dynamics

Fluorophores to visualize DNA replication

é GFP g Halo
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Microscope Resolution: Airy Discs

A point object in a microscope, such as a fluorescent protein single molecule,
generates an image at the intermediate plane that consists of a diffraction
pattern created by the action of interference (a central spot (diffraction disk) m)

surrounded by a series of diffraction rings, Airy disc). Wh is R luti > \
atis Resolution* ‘
George Biddell Airy

The size of the Airy disc is given by:
Airy Disc Diameter = 1,22 X A/NA Resolution can be defined as the minimum separation between two
objects that results in a certain level of contrast between them.

Ais the wavelength of the emitted or scattered light
NA is the numerical aperture (objective lens)

: = ©
Figure 1 - Airy Patterns and the Limit of Resolution | 8 (O]
=~ =
Resolution 075 — (@]
Limit Unresolved (@] )
~N [(Vp) (4]
Resolved\ L » - Airy 05 o E
\. " e, & . DisKs o )
s » /
® » . . :
. \ / . . Diameter
N_Airy / ; ) " 1.22NNA
Patterns —
075 > >
> 2 2]
B FWHM £ 2
g 0.51NNA - -
=
0.25
3-Dimensional
Point Spread 0 Radial Di e e
adial Distance Radial Distance

Function

Radial Distance
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Microscope resolution: Rayleigh criterion & Abbe‘s limit

Rayleigh Resolution Limit Abbe resolution limit Abbe Resolution Limit
0.61VNA * microscope resolution is determined by the 0.50N/NA
i , wavelength of light and the numerical —>1

aperture of the objective

Abbe resolutionXy limit = 0,5 x /NA

(spot size produced by a 100x objective of
numerical aperture 1.4 is approximately 250
nanometers (spatial resolution))

John William Strutt, 3. Enst Abbe
baron Rayleigh

EE——  EEe
SN

200 nm

Rayleigh criterion

1cm imm 100pm 10pm 1pm J100nm 10nm 1nm 1A

sss

* is essentially just different definitions A & @ .
of what constitutes a sufficient level N ! 3
of contrast between the objects for

mouse flower

L

them to be resolved

* is defined the resolution limit as the
separation where the central
maximum of the Airy pattern of one
point emitter is directly overlapping
with the first minimum of the Airy

Intensity
Intensity

Axial resolution in optical microscopy is
even worse than lateral resolution, on the
order of 500 nanometers.

pattern of the other (the minimum BT . :\/_\,_____ i v , IS, SR
resolvable separation between the — Abbe Resolution, = 2\/NA2 —
points is the radius of the Airy disc) Radial Distance Radial Distance

How to increase resolution?

Rayleigh resolution limit = 0,67 x A/NA decreasing the imaging wavelength, increasing the numerical aperture,
or using an imaging medium having a larger refractive index




Super-Resolution Microscopy

REVIEW ARTICLE | FOCUS

https://doi.org/10.1038/541556-018-0251-8

namre
cell biology

The Royal Swedish Academy of Sciences has dectded to award the

2014 NOBEL PRIZE IN CHEMISTRY

Y

\

J m
|

1\
1\

/411

Eric Betzig, Stefan W. Hell
and William E. Moerner

“for the development of super-resolved fluorescence microscopy”™

Nobelprize.org

Super-resolution microscopy demystified

Lothar Schermelleh @, AlexiaFerrand?, Thomas Huser @3, Christian Eggeling®*®, Markus Sauer®,

Oliver Biehlmaier? and Gregor P.C.Drummen ©78*

Microscope: detection efficiency, sensor dynamic range
Fluorescence labelling: brightness, density, specificity
Sample/target properties: sparse or dense, high or flat?

_—

Photon budget

'

Lateral, axial
Spatial resolution

Limiting factors: Contrast
Signal-to-noise / signal-to-background ratio
(minimal requirement method-specific)

Conventional Super-resolution (SRM)
Wide-field Confocal SR-SIM STED SMLM
(deconvolution) . (SOFI/SRRF)
Diffraction-limited (NA & 7. dependent) Diffraction-unlimited
3D SIM Intensity i
dependent | Localisation precision/

1 photon count dependent

Point
‘scanning
PS SIM

LS

2D sim

'

3D, depth, multicolour
Context

Aberrations
Spherical, chromatic,
sample-induced

Imaging depth

(um)
(Routinely)
Single- or 2-colour
Multi-colour (3 or +)
501+

LLS
STED
Confocal
PS SIM

Multilyered tissue
s
&
T

01+
°
2
(Number of H
correlated time w 204
100 nm point dependent) £ N\
it P
3 [wide—nem
i 20/30 SIM
i g
3 o4 [SDFIISHRF
Xy 2 SMLM
H 3
Rttt Dok St ot ittt H TIRF
Single 2D plane El TIRF-SIM
TIRF TIRF-SIM TIRF-SMLM 2 TIRF-SMLM

To consider / affects: - Axial (z) resolution increase, yes or no?
- Localisation precision & labeling density (SMLM)
- Throughput of high frequency information (=fine details)
- Signal-to-noise ratio improvement

Basal membrane

- Single-, 2- or multicolour?

- Single plane or volumetric?

- Out-of-focus blur /
background suppression

|

Acquisition
Speed

Detector

Quantum efficiency,
readout, parallel vs. point
detection

Tempo;al resolution
(frame™) *

Parallel/camera
Point detection
Speed scales with
scan size

10 min SMLM

PS SIM
3D SIM

B STED
1 min 4= Confocal
SOFIW/SRRF
1054

154 ism
\ LLs
.~ |2psm
Wide-field
TIRF-SIM

100 ms ==

10 ms = TIRF

1ms * Image volume of
40 pm x 40 pm x
1 pm z-stack,

or single plane
(SMLM and TIRF)

- Throughput
- Imaging area
- Imaging volume

!

Low
Photodamage

Efficiency
Resolution gain per
illumination light dose

Light intensity
(W/em?)
Field illumination
Focussed beam
Higher peak intensity

STED
10*
SMLM
10° Confocal
/V SOFUSRRF
10° —\ PS SIM
3D SIM
2D SIM
iSIM
TIRF SIM
10 LLS
Wide-field
TIRF
1
< Solar
constant
0.1 0.14

- Photobleaching / -stability
- Toxicity / thermal damage
- Number of time points

- Overall imaging duration
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Super-Resolution Microscopy

Structural Iluminated Microscopy (SIM)

* relies on movable diffraction grating has been inserted into the excitation path

* Under homogeneous illumination, the PSF of the objective means that objects
separated by a small distance, or in other words, being organized at high
frequency, are not visible. But, under structured illumination, the overlap
between the high-frequency organization of the objects within the sample and
the high frequency of the illumination stripes creates a pattern of lower
frequency, which is well collected by the objective.

|-

sample illumination
(unknown) (known)

Moire pattern (raw images)
* 2D-SIM SR-image, 9 raw images are /.
required (3 translations x 3 rotations) Wi S0 ‘ Hu " (s1M mage)

v 2x increase in spatial resolution (~100 nm in xy)

v fast acquisition in comparison to STED, PALM/STORM
v labeling using conventional fluorophores

v up to 3 simultaneous color imaging (other only 2)

* To reconstruct the final super- o grating

resolved image (SR-image), several raw
images must be collected, each
acquired at a different orientation of the
structured illumination.

diffraction ’

+1

A

X lateral spatial resolution is not as good as other super-resolution techniques
Xrisk of artifacts during image reconstruction
X sensitive to out-of-focus light and so difficult on thick or too densely labeled samples

Bi9393: Analytical cytometry — Microscopy techniques

Stimulated emission depletion (STED) microscopy

creates super-resolution images by the selective deactivation
of fluorophores, minimizing the area of illumination at the focal point, and thus
enhancing the achievable resolution for a given system

double laser design allows for excitation and stimulated emission (depletion
laser) to be used together for STED

A — B |
S; = . ——
1 d
: Phase mask N
£ o)
s| 5| 8
=l Bl 3 STED
gl &5 ¢
o )
S| E| 3
w v Excitation
S F=TF—
- confocal
itati STED Saturated 1
Excitation | )
pattern depletion | Effective PSF

xy-mode

|
|
|
e -
y . | ° 1 =
|
L.x | _2%oro point N |

v lateral resolution is typically between 30
and 80 nm

X 2 simultaneous color imaging
X specific fluorophores




Super-Resolution Microscopy

MINFLUX

* combines aspects of single-molecule localization microscopy (SMLM, PALM)
and STED microscopy that can achieve far higher spatial and temporal
resolution, while requiring far fewer fluorescence photons

Photo-activated localization microscopy (PALM)

* uses photoactivatable fluorophores to resolve spatial details of tightly packed
molecules. Once activated by lasers, fluorophores emit for a short period but
eventually bleach. The laser stochastically activates fluorophores until all have

emitted. Photactivable (PA)

* can attain 1-3 nm resolution in three dimensions
Three commonly used types of fluorophores are:

Photoactivatable Fluorophores: PAmCherry, PA-GFP, which * *
emit light upon activation with UV.

A donut-shaped scanning beam triangulates the emitters one at a time

a
Photoconvertible Fluorophores: Fluorescent proteins that * .
change their emission spectrum upon activation with UV light
(e.g., mEQOS proteins).

Photoconvertible (PC)

Photoswitchable Fluorophores: Typically chemical dyes (e.g.
Alexa Fluor 647, DyLight555) which can switch between dark,

1

[ B B B e e

non-fluorescent and bright, fluorescent states repeatedly. g
\a =
Low level Multiple images A
Sample excitation merged Final image Photoswitchable (PS)
Pro Intormodsate | l Final
2 > > 1{ }
o s Yg et a
. e 7 i K
e o8
Nuclear pore complex ,96‘,(' ¢ P,
\<‘°-" Bl ¢
. . Cytoplasmic %\ X g N
v resolution reaching almost 20 nm . filaments | o \og l
. . . ’ Ak
v using photoactivatable or photoconvertible f Centra: ( o
. . channel g
proteins enables the counting of molecules, I . 2 o™ -
. Nuclear
for example, in complexes and clusters ; e { ¢ 3
X slow (PALM requires 1000 (or more) raw —_— s 9
images)

w
(08)
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Fixed Cells, cells, cells... How to capture cellular processes inside cells?

eukaryotic cell

In real time?

How can we study
protein dynamics?

Proteins serve as the primary driving force behind nearly all cellular processes,
and their proper functioning is essential for the health and fitness of living organisms.

Exploring protein function represents a fundamental approach to unveiling the
molecular nature of vital cellular processes and their related changes underlying

disease development.
Yadav A.K. et al, bioRxiv, 2024



Studying protein dynamics

Live cellimaging

* capturing living cells by time-lapse microscopy

Immobile molecule * isamethod for determining the

kinetics of diffusion through
tissue or cells

Photobleach * toinvestigate the 3-dimensional
Mobile molecule diffusion and binding of molecules

* Types of live cell Imaging:
* Phase contrast microscopy
* DIC microscopy
* Fluorescence microscopy (widefield, confocal — spinning disk)

Photobleach
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Studying protein dynamics

* FCS measures fluctuations
in fluorescence
intensity coming from any
physical, chemical, or
biological effects on the
fluorophore of interest.

* is a mechanism describing energy transfer between
two light-sensitive molecules non-radiative

energy transfer

A confocal
volume

slower diffusion

* One common pair of fluorophores for biological use is a

cyan fluorescent protein (CFP) — yellow fluorescent it
protein (YFP) pair.

* Applications:
Proteins: protein-protein interactions, protein donor
conformation, including secondary structures and '
protein folding
Chemosensor: changes in the cellular environment
due to such factors as pH, hypoxia, or mitochondrial
membrane potential

Signaling pathways, polymer folding dynamics, etc.

2
@
c
]
<
8
8
&
4
S
=
e

10° 10* 10* 10° 107 10" 10°
Lag time < [s]

* Fluorescence cross-
correlation spectroscopy
(FCCS) correlates signals
from two different
fluorophores, detected in two
separate channels.

excitation

emission

Fluorescence intensity

Intensity

10® 10° 10* 10° 107 10" 10°
Lag time < [s]

Laser Microirradiation and the DNA Damage Response

Near-infrared (750-n Protein recruitment at

e analyzes protein recruitment dynamics Of [t putsos o Tesspphee laser o
fluorescently tagged proteins to laser-
induced DNA damage sites using
confocal fluorescence microscope

Donor only
* isanimaging technique where the fluorescence it vibrational

lifetime variation across the sample creates the e
contrast in the image.

(\( —_— i (-)(»—» g-)(

icroscopy analysis

— . -
’ Hoochst 33342 ’ Live coll confocal ’
\ sensitization micros

excitation

* used in biomedical imaging, where tissue and cells
are stained with one or more fluorescent dyes.

12 min 14 min 16 min 19 min 22 min 25 min

* fluorescence lifetime of the dye depends on the , i
local micro-environment, and FLIM provides an excitation
additional dimension of environmental information
over other imaging techniques, such as widefield
fluorescence.

emission

Intensity

A
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MUNI

Cellular Imaging Core Facility - CELLIM, Ceitec MU
would like to invite you to the course

The course is intended for students/postdocs/staff who want to learn about the
principles of light microscopy. During the course you will learn fundamentals of
image formation, principle rules and laws applied in light microscopy, Abbe's
resolution, what are principle parts of a light microscope and how to properly acquire
images using a widefield or confocal microscope. The last part is dedicated to the
basics of image processing and analysis, where you will learn how to properly adjust
and analyze your images using various software packages.

Registration fee: 1000 CZK + VAT academic, 3000 CZK + VAT commercial.
Coffee and refreshments are provided during the course.

PROGRAM

Tuesday, June 18 - C02 building

Theoretical part - principles of light microscopy, transmitted light microscopy, different
contrasting techniques - DIC, dark field, phase contrast, fluorescence, widefield microscopy,
optical sectioning methods - apotome, confocal microscopy.

Wednesday, June 19 - CELLIM C02 building

Practical part - image acquisition using different microscopy platforms - widefield and confocal
systems.

Thursday, June 20 - C02 building

Basics of image processing and analysis using different software packages - ZEN, FlJI, Cell Profiler,

IMARIS

[=]
R
[=]

EURO.'-" BIOIMAGING

Want to know more?

WORKSHOP

10-12.09.2024

ADVANCED LIGHT MICROSCOPY
METHODS IN BIOLOGY

We would like to invite you to a practical course on advanced methods in light microscopy. The course will
cover different methods of super resolution imaging (Image Scanning Microscopy, SIM and STORM),
expansion microscopy and light sheet microscopy, including sample preparation and data processing.

The theoretical part will be followed by a hands-on sessions where you will have the opportunity to try
different techniques on real samples, including a session for image processing.

The course is primarily aimed at students who already have experience with standard microscopy
techniques

Places are limited. Registration is required - see the link below.
Registration fee:

1000 CZK + VAT - MUNI academic users

3000 CZK + VAT - external academic users

6000 CZK + VAT - commercial users.

Payment details will be sent to participants at the time of their selection. Successful candidates will be
selected on a first come first served basis.
Coffee and refreshment will be provided during the course.

Room C02/121 09:00 - 17:00

* MiLAN ESNER, JAKUB POSPISIL:

SONA LEGARTOVA, PETRA KUCEROVA:

REGISTRATION:

Room COZICFLLIM 09:00 - 17:00 hitps //muni.cz/go/ALM24

Room C02/121 09:00 - 17:00

WOJCIECH JESIONEK: |

EUR(%'A" BIOIMAGING

Image life, discover the future

WORKSHOP

A S
MASARYK UNIVERSITY

PROCESSING AND ANALYSIS
OF BiOoLOGICAL IMAGES

Join our comprehensive course designed specifically for biologists to master cutting-edge
image analysis software. Learn how to enhance your research with precise and efficient
image quantification, segmentation, and visualization techniques. Gain hands-on
experience with industry-leading commercial and open-source tools and elevate your data
analysis skills to the next level.

+ EXPERT-LED TUTORIALS AND INTERACTIVE SESSIONS .

INTRODUCTION TO IMAGE PROCESSING AND

* PRACTICAL EXERCISES WITH REAL BIOLOGICAL IMAGES  ANALYSIS, PRACTICAL HANDS-ON SESSION -
FlJI, CELLPROFILER

* STEP-BY-STEP GUIDANCE ON ADVANCED FEATURES

* NETWORKING OPPORTUNITIES WITH FELLOW BIOLOGISTS | 1 202
PRACTICAL HANDS-ON SESSION - IMARIS

Number of places is limited.

REGISTRATION HERE:

https://muni.cz/go/PABI2024
E?';E FAIR DATA PRINCIPLES, ONEDATA
PRACTICAL HANDS-ON SESSION - OMERO
=z

The workshop will be held on-site at the Masaryk University Campus, Brno Bohunice, Czechia.

PRACTICAL HANDS-ON SESSION - AIVIA

Registration fee:
2500 CZK + VAT - MUNI academic; 4000 CZK + VAT - external academic, commercial 8000 CZK + VAT.

Registration fee covers teaching materials, coffee, lunches and refreshments for the entire course. You can bring your own
computer, we will provide demo licenses for commercial tools.

Specion | JATA  [cdCetbrofier
X Juwes  osOMERO  [iji

] ~ Chan -
@ eurdippomaone SVF ackebers \K'/“r'l




ScanR workshop:
Pushing the boundaries of high-content imaging

22.-23. August 2024

Institute of Biophysics, Brno, Czechia

CONFIRMED SPEAKERS

Vaclav Bacovsky

institute of Biophysics, CZ Hana Polasek-Sedlackova

Kamila Burdova
Institute of Molecular Genetics, CZ
Jana Dobrovolna

Institute of Biophysics, CZ

Kumar Somyajit
University of Southern Denmark, DK

Want to know more?

@:“ %'SI & : FACULTY OF SCIENCE
CAS Charles University

ADVANCED METHODS OF SCANNING ELECTRON
MICROSCOPY AND RAMAN SPECTROSCOPY

2-4 DECEMBER INSTITUTE OF SCIENTIFIC INSTRUMENTS OF THE CAS
START FROM 9:00 KRALOVOPOLSKA 147, BRNO, CZECH REPUBLIC

Learn principles of Electron microscopy and Raman spectroscopy in
three days and try operating microscopes and preparing biological
specimens. The course is aimed at university students and young
scientists in the life sciences and soft materials who are planning to use

advanced imaging and analytical methods in their research.

120 secondds: Meet the Brnoregion Microscopy

Brno a elektronové mikroskopie? Jedno bez druhého si nejd. stavit. V #brnoregion existuje cela

vyzkumnych instit teré se zabyva mo elektronovymi mikroskopy, dalsi
pracuji s jejich vysledky. Jste mezi e na akci 120 vtefin, ziskejte nové kontakty, inspiraci a
predstavte svou praci partnerim z mikroskopické platformy.

Co miiZete oéekavat?
Co je nového v brni mikraskopii a jaké akce nds ekaji?
20 kritkjch prezenta mavych s s mikroskopii, po kterjch bud
Prilezitost predstan réci t8m, ktefi pracuji na podobnyich projektech.
Moznost nabidnou éné fedeni, jako jsou pristroje, software a vyjimedné vybaveni, a navrhnout spolupréci
P# oiidat o spolupréci, pomoc n trebné vybaveni dodavatele.

3 Seznamite se s rozvojem mikroskopie a védy v #brnoregion a zapojite se do néj.

Program
15.00-15,
15.15-15.30 nky z mikroskopie v #brnoregion
15.30-16.00 | 10 kratkych prezentaci inspirativnich mikroskopickych projektis
16.00-16.15 | prestivka na kavu
16.16-16.45 | 10 kratkych prezentaci inspirativnich mikroskapickych projekti
16.45-16.f

16.50-18.30 | navazovani kontakti

Institute of Molecular Genetics, CZ
Panos Galanos
Danish Cancer Institute, DK

Luis Toledo
Biorigin & Nodus Oncology, DK

Pavel Moudry Manoel Veiga -
Palacky University, CZ Olympus/Evident, DE =< ‘ =

HANDS-ON SESSIONS REGISTRATION A::t%nec:tﬁrf\ii:tnetlre course and receive:
SpinSR system: from high-content imaging to super-resolution Registration 212.9:00 -17:00 FREE lectures * Voucher for the vernisage on 4.12.17:00
led by Tomas Pop and Hana Polasek-Sedlackova & more info: Hands-on in labs 1000 CZK (Mahenova Knihovna, Koblizna 4, Brno)

When CellSens meets ScanR exhibition ,mikrosvét obrazEM”

led by Tomas Jendrulek and Vaclav Bacovsky
Beyond image analysis limits with TruAl deep learning module

3.12.9:00 -17:00

4.12.9:00 -16:00 “GYAV21

led by Manoel Veiga GUEST EXPERTS
Tips & Tricks on how to present high content imaging data o JANA NEBESAROVA
led by Kumar Somyajit A OUR PARTNERS

 MARIE VANCOVA
« MARTIN BACIK

<ICSMS  SpeciOn| |4 TESCAN

CONTACT: MRAZOVA@ISIBRNO.CZ, HRUBANOVA@ISIBRNO.CZ N ibrno.cz

IBPyf (EMBO EviDENT @Y
S~ ﬁ?
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