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Fertilization and Development of the Sea Urchin Egg by Julius Ries, filmed in Paris in 1907. One 
of the earliest time-lapse microcinematographic films ever made.

Hannah Landecker, Nature Methods 6, 707 - 709 (2009)



Marketa Cernohorska, Pavel Draber (Laboratory of Biology of Cytoskeleton, IMG ASCR)
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Live cell imaging – essential equipment

37°C5% CO2

• Inverted microscope
• Imaging chamber for live cells
• Objective 
• Temperature controller; environmental chamber
• CO2 atmosphere controller/humidization

for long-time live cell experiments



Live cells cultivation & observation

Adherent cells

Cells in suspension

Cultivation & observation





Upright microscope Inverted microscope



Working distance and/or sample thickness

Standard superresolution

α

Which superresolution method?

STED
SIM

SMLM

STED
SIM

SMLM

STED
SIM

SMLM



Lens immersion

oil oil water

Attached to the cover glass Longer path through water-like environment

STED
SIM

SMLM

STED
SIM?

SMLM



Dishes/chambers for live cell imaging (and cultivation)

Imaging glass-bottom chambers

GLASS THICKNESS!!! – use High precision bottom-glass

1.5# = 170 µm ± 5 µm



Perfusion chamber – the medium is exchanged during the time-lapse experiment

Dishes/chambers for live cell imaging



Dishes/chambers for live cell imaging

Imaging glass-bottom perfusion chambers
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Plexiglas incubation chamber with chamber for CO2 atmosphere



Plexiglas incubation chamber + CO2



..or heated cell imaging chamber, CO2 atmosphere controller



..or heated cell imaging chamber + CO2



And heated objective – good idea



Live cell imaging – essential equipment

37°C5% CO2

• Inverted microscope
• Imaging chamber for live cells
• Objective 
• Temperature controller; environmental chamber
• CO2 /O2 atmosphere controller/humidization

for long-time live cell experiments
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Visualization of cell structures in fluorescence microscopy

Fluorescent proteins

GFP
mCherry
YFP
CFP
…

HaloTag
SNAP Tag

ligands:
TMR
OregonGreen
Alexa
SiR

Microinjection

Cy3
Cy5
FITC
Alexa
…

expression introduction

Indirect
Immunolabeling
Or
In Situ Hybridization

SIM STED



Fluorescent proteins

cloning

transfection

expression

cDNA



e.g. HaloTag system…

cDNA

cloning

transfection

expression

Add HT ligand



Microinjection

Cy3

Cy3

incubation



GFP tagged protein of interest

HaloTagged protein of interest + TMR ligand

Microinjected  Cy3 tagged protein

Ivan Novotny, Edouard Bertrand (Laboratory of RNA Biogenesis, IGMM CNRS)

The same reporter, different visualization
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Live cell imaging – general rule:

The sample MUST NOT move within the single time-frame acquisition!



Live cell imaging - SIM

SIM Strengths

X-Y-Z resolution of 110 × 110 × 360 nm for 488nm excitation in the 
3D mode; lateral resolution of 100 nm in the TIRF mode 
No special sample preparation or fluorophore requirements
2-color 3D live cell imaging capability

SIM Limitations

Samples for 3D SIM should be thinner than 12 µm.
The SIM reconstruction - motion artifacts when sample moves 
while the illumination pattern changes more than 100nm per 
image. 
Photobleaching and photo-toxicity can really restrict imaging time.





Live cell imaging - STED

STED Strengths

X-Y-Z resolution of 40 × 40× 300 nm with optimal settings
No mathematical reconstruction of the final image
Can go deeper to the specimen and acquire thicker z-stack (theoretically)

STED Limitations

Very high energy – influence the cell viability
Relatively slow acquisition
Limitation in fluorophores/depletion laser





Live cell imaging – Localization..

Blinking dyes for live cells:
Oregon green 
TMR
SiR/HMSiR

Very limited, very high photo-toxicity and long time for one 
single time frame..



Live cell imaging

• Essential equipment for live cell imaging

• Visualization of structures in cells using the fluorescence microscopy

• Which methods in SR field for live cell imaging?

• Improve the imaging quality – HOW?? Dyes.



Visualization of cell structures in fluorescence microscopy

Fluorescent proteins

GFP
mCherry
YFP
CFP
…

HaloTag
SNAP Tag

ligands:
TMR
OregonGreen
Alexa
SiR

Microinjection

Cy3
Cy5
FITC
Alexa
…

expression introduction

Indirect
Immunolabeling
Or
In Situ Hybridization

SIM STED



What would be real SR method, robust and 
suitable for most sample types --

Confocal = STED

Lattice lightsheet in SIM mode

Nowadays very limited 
reachability 

Wide-spread method..

Keep cells alive as long as possible = use as far red as possible

Far-red dyes for live cell development 

Silicon-rhodamines - SiR is a bright and far-red fluorophore with excitation and emission wavelengths 
around 650 and 670 nm, a spectral range where very little autofluorescence and phototoxicity



Live cell imaging - STED

https://spirochrome.com/products/





HaloTag system…

cDNA

cloning

transfection

expression

Add HT ligand







STED with 775 nm depletion laser + SiR



https://www.leica-microsystems.com/science-lab/a-bright-dye-for-live-cell-sted-microscopy/#fancybox-14918-3



Thank you for the attention!

Ivan NovotnySLM2017
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