= =
m &

Fluorescence and confocal
microscopy

Basic principles and applications
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Conventional Light vs. Fluorescence Microscopy

Light source: halogen lamps - High-intensity light source: metal halide
- low-contrast specimens lamps, light-emitting diodes (LEDs), lasers
(cell almost transparent) (confocal microscopy)

- additional optical mechanisms - Use of fluorophores

(Phase contrast, DIC..) - Better resolution

- use of dyes

(crystal violet, eosin..)

=
m e

2  Principles of confocal microscopy / Department of Biology

=



488 nm 507 nm

Principle of fluorescence
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Principle of fluorescence
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488 nm 507 nm

Principle of fluorescence \S\S‘“
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Principle of fluorescence

Fluorophore - chemical compound absorbing

light at one wavelenath and re-emittina it at

anothe

Mo

Electr

excitec

6 Principles

Normalized intensity

---m Alexa Fluor 405

---m eFluor 450
---m Sytox Blue

-
.......

.....

- --m Alexa Fluor 488
Alexa Fluor 514
---m Cy3

N A

Atom

Electron

---m Alexa Fluor 594

---m eFluor 660
---m Alexa Fluor 660

N ,*
' v
' ~
LA
A

L
L
-

Wavelength (nm)

488 nm

©

Ground state Excited state Ground state

405 nm
488 nm
561 nm
633 nm

507 nm

1e)
\d

)




Widefield fluorescence microscopy

A

Essential components: detector
- Excitation filter — allows only light of specific
wavelengths that excites the fluorophore to ocular
pass through emission 1
1 N E— i
« Dichroic mirror — reflects one type of light filver / Wide spectrum of wavelenghts
and allows other type of light to pass through dichraic ':{://, -.
- Emission filter — blocks excitation light and e bioh
_ ight source
transmits emission light to the eNcitation
eyepiece/detector fileer
ohjective
Reflected light has shorter wavelength

Passing light has longer wavelength (carries

™ Contains fluorophore emmiting fluorescence

less energy than excitation light) ] MUNI

specimen MED
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Widefield fluorescence microscopy

A

Hela cells DAPI GLUT1 detector
aCcular
emission T
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Widefield fluorescence microscopy

Hela cells DAPI GLUT1

Limitations:

« the whole sample is illuminated

* Fluorescence detected not only from one specific
focal plane, but also above and below it
(out of focus signal)

« Light can be scattered (liquid-filled compartments)

\

Background noise

Problems when identifying specific subcellular
localization of the target
Not suitable for 3D structure modelling
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Confocal Laser Scanning vs. Widefield fluorescence

microscopy
. Laser focused at the . The entire sample
PTM detectar focal plane -lﬂl- detector illuminated by light
. Laser is scanned source
along the sample . Image recorded by
detector pixel by pixel (PMTs) camera at once
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Confocal Laser Scanning microscopy (CLSM)
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Additional components:
« Laser — bright source of pinpoint illumination

« 1. pinhole — focuses the beam of light

on the specific small part of the sample

« 2. pinhole — positionned in the focal plane,

selects the light coming from the targetted
point of the sample (reduces background

illumination)

Widefield
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Confocal Laser Scanning microscopy (CLSM)

B

PTM detector

two pinhole apertures
at confocal positions
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Additional components:
« Laser — bright source of pinpoint illumination

« 1. pinhole — focuses the beam of light

on the specific small part of the sample

« 2. pinhole — positionned in the focal plane,

selects the light coming from the targetted
point of the sample (reduces background

illumination)
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Confocal Laser Scanning microscopy (CLSM)

Confocal
Scan Head

Laser Lines [nm]
453, 488, 514

561
594

633
Scanning mirrors

* Motorized mirrors allow laser
scanning of the sample along
X- and Y-axis within the same
focal plane

» |Laser Properties
B Imaging Setup
Trackl

Confioca

dichroic
beam
splitters

Photomultiplier tubes (PMTs)
* collect photones and amplify ~ array of 32 -

signal (creating digital signal gﬁr_‘r‘:ens't"“w
processed by computer) |

— generated image |

Detection unit

HIzgE = *  H3I2E8 380 48Tnm *
EGFP * W~ EGFP A89-550nm ~

AF568 ~ * AFS68 560-74Tnm ~
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Confocal Laser Scanning microscopy (CLSM)

1. acquisition of signal from each channel separately -

minimal bleed through (scanning along x and y)

cardiomyocyte
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Confocal Laser Scanning microscopy (CLSM)

1. acquisition of signal from each channel separately -
minimal bleed through (scanning along x and y)

2. software generates merged image

cardiomyocyte
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Resolution of images - widefield FM vs. CLSM
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Key Advantage - Optical sectioning (CLSM)

« Clear images of thin sections within a thick sample
Pollen Grain Serial Optical Sections by Confocal Microscopy

First/Last

21
1,00
62.43 um

® Interval Slice

Set First

@ Optimize Sectioning and Step

D Correction
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Key Advantage - Optical sectioning (CLSM)

Clear images of thin sections within a thick sample

Pollen Grain Serial Optical Sections by Confocal Microscopy
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Advantages and Disadvantages of CLSM

v" reduced background compared — Speed !
to widefield FM — Photobleaching of the sample
v" optical sectioning (0,5-1,5 um) (long-lasting acquisition)
of up to 100 um thick sample — Limitated number of excitation
v" generation 3D images wavelengths (availability of lasers)
v examination of living and fixed — high cost of purchasing

specimens (better resolution)
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Fluorescence Microscopy Applications

1. Immunostaining of fixed samples Immunofiuorescence
. Direct direct Vs indirect
. Indirect

{:&7 {::117 5 “¢ Fluorochrome

A Primary antibody

Secondary antibody
A Epitope

L J—8—= Target structure
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Fluorescence Microscopy Applications

1.  Immunostaining of fixed samples
. Indirect
1. Fixation and Permeabilization
Cross-linkers (e.g. PFA) — form covalent chemical bonds between the proteins

Organic solvents (alcohol, acetone) — remove lipids, dehydration of the tissue, protein precipitation
Permeabilization reagents (Triton X-100, NP-40)

Blocking (e.g. BSA) — prevents unspecific binding of primary Ab

First Immunostaining — primary Ab recognizes and binds to the epitope of target protein

Second Immunostaining — secondary Ab conjugated with a fluorophore binds to the primary Ab (species-specific)

Nuclear staining (e.g. DAPI) P e e P L Ly -

o O R Wb

Mounting medium (PBS, Mowiol)
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Fluorescence Microscopy Applications

1. Immunostaining of fixed samples Immunofiuorescence
. Direct direct Vs. indirect
v'  Faster {r::% i’:? 7 Fluorochrome

v'  Easier to handle | |
A Primary antibody

(rapid analysis,

|
|
|
/ |
- Validated Ab with » — -I-lF- +— B X —

standardized experiments, Secondary antibody
useful for clinical practice) \ Epitope
. . . -— J——= Target structure
high-affinity (expensive) -
* Indirect e a. .. @ . S O I T .o
v" Flexibility in design | @ & i | {1 ,' i
(combining different prim. ; | (S i 6 | @
Ab with different sec. Ab) g | T e & e, R
] e 4 ' | ; v e’ %0
v Signal amplification N e\ . & Ia e ® %
v Economical procedure N @ i 2 5.2
-  time-consuming workflow | - , . ) . . " . ,!““
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Fluorescence Microscopy Applications

Immunostaining of fixed samples
 Direct
* Indirect

» Detection of several fluorophores
» organelle-specific localization

> co-localization

» FISH-ing for chromosomal
abnormalities

» 3D visualization of cells and tissue
sections (100um) (CLSM)

Principles of confocal microscopy / Department of Biology
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Fluorescence Microscopy Applications

2. Live cell imaging

Principles of confocal microscopy / Department of Biology I\/l

Genetically encoded GFP/FPs (fluorescent proteins) fused (' 115 ‘k
with protein of interest Fluorescent proteﬁ@’_& -
« tracking localization (organelle-specific proteins), B

abundance or changes within the labelled protein _

over time or in response to treatments

Amylmd Precursor Protein

Green Fluorescent Protein (GFP)

Yellow Fluorescent Protein (YFP)

Red Fluorescent Protein (RFP)
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Fluorescence Microscopy Applications

2. Live cell imaging

Genetically encoded GFP/FPs (fluorescent proteins) fused
with protein of interest
« tracking localization (organelle-specific proteins),
abundance or changes within the labelled protein
over time or in response to treatments
Organelle-specific dyes
 MitoTracker, LysoTracker, ER Tracker...
Fluorescent DNA intercalating agents (fixed samples as well)

« Hoechst (minor-groove binding dye, A/T-rich regions)

Principles of confocal microscopy / Department of Biology
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Fluorescence Microscopy Applications

2. Live cell imaging
« Fluorescent dye detecting changes in
» ion concentration (fluo-labelled chelators — concentration-dependent shift in spectral properties)

* voltage Ca?" levels changes

* pH (phagocytosis assay) + Cafieine| C + Caffeine

MU
M E
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Fluorescence Microscopy Applications

2. Live cell imaging
* Fluorescent dye detecting changes in

« ion concentration (fluo-labelled chelators — concentration-dependent shift in spectral properties)

« voltage ¥ Ligand
Binding Y Receptor

* pH (phagocytosis assay)

v

4 % Y Y pH Sensitive Flucrophore
Cell Surfu::ce ( % ! ’

Nt %}/
Late Endmnme g g &L

— G~ 4
’ Py

. . . Early Endozome
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Fluorescence Microscopy Applications

2. Live cell imaging
* Fluorescent dye detecting changes in

« ion concentration (fluo-labelled chelators — concentration-dependent shift in spectral properties)

« voltage ¥ Ligand
Binding Y Receptor

* pH (phagocytosis assay)

v

"%, pH Sensiive Fluorophore
Cell Surface :( \( YE YY D

» 4D — time-lapse experiment \\l U \J b

i Signali
» in response to treatment ignaling t N
> cell cycle e }.—

g 4
’ Py

. . . Early Endozome
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Thank you for your attention

Mgr. Ivana Andrejcinova
437403@mail.muni.cz
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