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Lecture 10: STimulated Emission Depletion (STED) microscopy 

• History

• Principles of STED

• Biological examples of STED imaging

• Combining STED and FCS (STED-FCS)

• Biological applications of STED-FCS



Klar, T., Jakobs, S., Dyba, M., Egner, A., & Hell, S. (2000). Fluorescence microscopy with diffraction 
resolution barrier broken by stimulated emission. Proc Natl Acad Sci U S A, 97(15), 8206 – 8821. 

Hell, S. W., & Wichmann, J. (1994). Breaking the diffraction resolution limit by stimulated emission: 
stimulated-emission-depletion fluorescence microscopy. Opt Lett, 19(11), 780-782.

History – STED Microscopy



Einstein, A. (1917). Zur Quantentheorie der Strahlung. Physikalische Zeitschrift, 18, 121-128. 

History – Hypothesis of “Einstrahlung”



Jablonski Diagram Format



A very brief (but related) sidenote:

What does acronym LASER stand for?



Population inversion

Crystal Laser

http://www.explainthatstuff.com/lasers.html

LASER = Light Amplification by Stimulated Emission
of Radiation





Fluorescence Microscopy
STED Microscopy
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Fluorescence Microscopy
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Fluorescence Microscopy
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Fluorescence Microscopy
STED Microscopy
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STED Microscopy
Tunable super-resolution imaging
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• The LEICA SP8 is a conventional inverted laser-scanning confocal microscope that is 

additionally equipped for 3D super-resolution gated STED imaging (Specified resolutionx,y

~ 50 nm)

• This system is equipped with continuous wave (CW) lasers  (@ 405, 458, 488, and 514 

nm), a tunable pulsed white light laser (WLL; 470-670 nm), a pulsed laser at 440 nm, high 

power CW lasers at 592 nm, 660 nm, and a pulsed 775 nm for STED imaging and STED-

FCS.

• Designed to operate as “closed” turn-key system with auto-alignment procedure of 592 nm 

STED laser and WLL and with Engineer co-alignment of 660 nm and 775 nm STED lasers

Leica SP8 gSTED 3X with PicoQuant SMD upgrade (FLIM, FCS)



Leica STED Implementation



Schematics of 3D STED



Multicolor STED



Confocal image 

Microtubule Network in Drosphila macrophage

mouse anti-α-tubulin (clone DM1A) / goat ant-mouse IgG Alexa 488 

Exc: WLL @488 nm at 80 MHz

Demonstration of gSTED in images

Some Image Examples



gSTED image (25% of max STED power (75 mW) at 592 nm) 

Microtubule Network in Drosphila macrophage

mouse anti-α-tubulin (clone DM1A) / goat ant-mouse IgG Alexa 488

Exc: WLL @488 nm at 80 MHz; gSTED592 (1.5<g<6.5 ns)



gSTED image (50% of max STED power (150 mW) aty 592 nm) 

Microtubule Network in Drosphila macrophage

mouse anti-α-tubulin (clone DM1A) / goat ant-mouse IgG Alexa 488

Exc: WLL @488 nm at 80 MHz; gSTED592 (1.5<g<6.5 ns)



gSTED image (100% of max STED power (300 mW) at 592 nm) 

Microtubule Network in Drosphila macrophage

mouse anti-α-tubulin (clone DM1A) / goat ant-mouse IgG Alexa 488

Exc: WLL @488 nm at 80 MHz; gSTED592 (1.5<g<6.5 ns)



Confocal gSTED @ 25% Power gSTED @ 50% Power

gSTED @ 100% Power



Image Examples – 2D (xy) STED Imaging

STED/Confocal image of Acetylcholine

Receptor Clusters in Myotubes.

Dr. Judith Cossins / Prof. David Beeson 

Molecular Neurosciences

University of Oxford

STED/Confocal image of Titin Z-disk

in cardiomyocytes.

Dr. Katja Gemlich

Department of Cardiovascular Medicine

University of Oxford



Application Example: 3D (xyz) STED of Sytox Green 
stained cell nuclei in HeLa cells

Dr. Lothar Schermelleh, Biochemistry & Micron

Confocal
Confocal gSTED at 25% Power (xy:z=100:0) 

gSTED at 25% Power (xy:z=0:100) gSTED at 100% Power (xy:z=50:50) 

gSTED at 100% Power (xy:z=50:50) 



Application Example: Two color 2D STED of cis- and trans-golgi in COS7

TGN46 (trans-golgi) / Alexa488 GM130 (cis-golgi) / TMR

Dr. Eva Wegel, Micron Advanced Bioimaging Unit, Dept of Biochemistry, University of Oxford

Confocal gSTED
1) 561 Exc & 660 nm STED (1.5<g<6.5 ns)
2) 488 nm Exc & 592 nm STED (1.5<g<6.5 ns)



3 Color STED Example - HeLa

TOM20/Abberior Star 635P
Exc633; STED775-25; 

Tubulin/Alexa555
Exc: 561 nm; STED660-25; 

F-actin/Phalloidin-OG488
Exc: 488 nm; STED592-25; 



3 Color Confocal Example - HeLa

TOM20/Abberior Star 635P
Exc633; 

Tubulin/Alexa555
Exc: 561 nm; 

F-actin/Phalloidin-OG488
Exc: 488 nm; 



LIVE3D STED of  Citrin-Actin in live T-cell (gSTED592 @10% Laser Power)

Dr. Marco Fritsche, Dr. Mathias Clausen, Prof. Christian Eggeling, MRC-HIU, WIMM



Scale bar = 5 μm
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Validation of resolution with GATTAQUANT Rulers



Lipid Plasma Membrane Dynamics
Nanoscale

Lipid Plasma Membrane Organization: 

20nm

- Interaction with cortical cytoskeleton

- Interaction with proteins 

- Heterogeneous distribution…

Small spatial

scales!!!!



STED-FCS

Animation by Dr. Alf Honigmann

tau [s]

n
o

rm
. G

(t
au

)

Correlation curve

10
-5

10
-4

10
-3

10
-2

10
-1

1

1.2

1.4

1.6

1.8

2

2.2

tau [s]

G
(ta

u)

10
-5

10
-4

10
-3

10
-2

10
-1

1

1.2

1.4

1.6

1.8

2

2.2

tau [s]

G
(ta

u)

10
-5

10
-4

10
-3

10
-2

10
-1

1

1.2

1.4

1.6

1.8

2

2.2

tau [s]

G
(ta

u)

PE-Atto647N

+ =

Excitation STED Effective Excitation

τD ~ D

FCS



0 100

0

100

200

STED Intensity [MW/cm
2
]

F
W

H
M

 [
n

m
]

STED-Microscopy: Tuning of observation area

Calculate apparent diffusion coefficient and 

plot spatial dependence:

D ~ area / transit time 

STED-FCS

Determine transit time 

for different sizes of observation areas

(different STED intensities)

STED-FCS

τD = 26 ms
τD = 0.4 ms

Confocal

STED



Phosphoglycerolipid:
Atto647N-phosphoethanolamine (PE)

Sphingolipid:
Atto647N-sphingomyelin (SM)

Eggeling et al., Nature, 2009
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Eggeling, C., Ringemann, C., Medda, R., Schwarzmann, G., Sandhoff, K., Polyakova, S., . . . Hell, S. W. (2009). 
Direct observation of the nanoscale dynamics of membrane lipids in a living cell. Nature, 457(7233), 
1159-1162. 

STED-FCS Example: Direct observation of the nanoscale dynamics of 
membrane lipids in a living Ptk2 cell



Simulation of compartmentalised 

diffusion

Molecules diffuse free with diffusion constant Dfree within compartments of size L

Molecules cross the barrier with probability Phop
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Andrade, D. M., Clausen, M. P., Keller, J., Mueller, V., Wu, C., Bear, J. E., Lagerholm, B. C., Eggeling, C. (2015). 
Cortical actin networks induce spatio-temporal confinement of phospholipids in the plasma membrane – a 
minimally invasive investigation by STED-FCS. Scientific Reports, 5(May), 11454-11454. 



Wu, C., Asokan, S. B., Berginski, M. E., Haynes, E. M., Sharpless, N. E., Griffith, J. D., . . . Bear, J. E. (2012). 
Arp2/3 is critical for lamellipodia and response to extracellular matrix cues but is dispensable for chemotaxis. 
Cell, 148(5), 973-987. 



Scale bar = 5 mm

STED images – F-actin

IA32 MEFs IA32 2xKD MEFs



Compartmentalised diffusion in cells

τD = 26 ms
τD = 0.4 ms

Confocal

STED
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STED-FCS with Atto647N-DPPE and Simulation data

Mechanism of Hop-Diffusion in IA32 MEFs



Molecular mechanism behind compartmentalised diffusion
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Image Comparison of SIM, STED, and dSTORM

Microtubules in Drosophila macrophagesAsl Centrosomes in Drosophila testes

Dr. Ian Dobbie, Antonia Goehler, Alan Wainman, Rainer Kauffman, Micron, Biochemistry, U. of Oxford

Dr. Eva Wegel, John Innes Centre (previously Micron, Biochemistry, U. of Oxford)





Graphical Overview of Results – SPT & STED-FCS data for lateral diffusion of DPPE in IA32 MEF

F-actin in IA32 MEF SPT Data
STED-FCS Data



Graphical Overview of Results – SPT & STED-FCS data for lateral diffusion of DPPE in IA32 MEF

Comparison of  processed 
SPT and STED-FCS Data



Zeiss Airyscan

Olympus FV1200 Super Resolution 

Software ModuleConfocal

Dr. Ian Dobbie, Antonia Goehler, Alan Wainman, Rainer Kauffman, Micron, Biochemistry, U. of Oxford

Dr. Eva Wegel, John Innes Centre (previously Micron, Biochemistry, U. of Oxford)


