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STED microscope: Hell & Wichmann, Opt. Lett. (1994
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STED microscope: Hell & Wichmann, Opt. Let. (1994)

2000m

[=—Q

Excitation Depletion

(STED)

Fluorescence

] T
loreo [GWICTE]

Fluorescence

Focal spot (PSF)

200m

Confocal

rep= 750 nm

Dye: AttoB4TN

Confocal

200m

luorescent boads
Harko ot a Opt Expr (2008)
Kiaretal Phys Rov € (2001)
Klar & Hell Opt.Let. (1999)

Protein SNAP25 on cell membrane

Wil e al (008), Handbook of Bologieal Contacal Miroscopy
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Commercial STED microscope

T-Rex STED

Heavy subunit of neurofilaments in neuroblastoma

Ti:Sa, OPO, OPA
Pulse synchronization, stretching etc.

Donnet et al, PNAS (2006)

T-Rex STED

Supercontinuum source (~35 k€ )

%0ps @ 1-5MHz

Vimentin Confocal

10x 4 um

AtoS90; STED@700 nm

Human glioblastoma

Clathrin / -tubulin

ExciSTED! @571
EX2STED? @ 650

Even simpler: CW STED

Tustphysics 1
STED with CW lasers

CW STED

CW fiber lasers ( < 20k€ ): N B , 628, 642 nm

+with fast scanning
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Confocal +Lin. Deconv. STED + Lin. Deconv.

Field: (6x6) um; Pitch 120 nm; Line width: 60 nm

E-beam lithography on dyed PMMA

Westghaletal, 3 Phys 8 (2005)




Z- resolution improvement
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STED - 4Pi microscopy
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STED- 4Pi microscopy
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35-50 nm (ust) in 2

Dyba, Hell PRL 88 (2002)
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Confocal STED - 4Pi

X,Y,and Z

isoSTED microscopy

‘Schmidt s . Nature Methcs (2008)

<50 nm diameter

isoSTED microscopy of mitochandra proteins

‘Schmidt s . Nature Methcs (2008)

cristae

<50 nm diameter

Schmidt et al, Nanolett (2009)

Tom20 (outer membrane)




Recording dynamics

STED

Dendritic Spines
of

Living Neuron

in hippocampal organotypical slices

YFP f*\\\

Time lapse recording with 5 minutes break
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Nager, Wi, Hll, Bonhoeffer, PNAS (2006)

STED
Dendritic Spines
of

Living Neuron

in hippocampal organotypical slices

Time lapse recording with 20's break

105 fimage

Nager, Wi, et unpublshed

Faster dynamics ...

Nanoparticle Brownian motion 80 frames/s

Displayis 3 times slower than actual movement |

35 nm beads in glycerol

Synaptic vesicles in axon of living hippocampal neurons

Video rate
STED nanoscopy

Synaptotagmin

28 frames / second
lnearly deconvolved

Westphal,Rizzol, Lauterbach, Jahn, SWH, Science (2008)

Synaptic vesicles in axon of living hippocampal neurons

Video rate
STED nanoscopy

28 frames / second
ineary deconvolued

Westphal. Rizzl, Lauterbach, Jahn, SWH, Science (2006)

Even faster (molecular) dynamics ...

STED Application

Dynamics of

lipid molecules

in plasma membrane of

living cell

. Eageling, . Ringemann, o f Nature (2009)




single lipid dynamics in living cell membrane

Keystone meeting (2006): Rafts are dynamic, sterol- and sphingolipid enriched nanodomains of 5 - 200 nm.

. Eggeling. ¢ Ringemann e a, Nature 2009)

Living cell membrane

single lipid dynamics in living cell membrane
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single lipid dynamics in living cell membrane
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single lipid dynamics in living cell membrane
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Difusion -Focalarea Wawrecinik, Rigneault et a. Biophys. 2005 ©:Eggeling. © Ringemann et al. Nature (2009)

STED microscopy: Rafts (nar < 20 nm
STED Focal Diameter d [nm]
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STED: probes fast (0.1-10 ms) local molecular interactions
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Tuning the resolution
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20 nm beads

Resolution gain with intensity

- "~ 221 nm

Is ~30 MW /cm?
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Diffraction resolution barrier does no longer exist !
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Molecular scale resolution is possible with
visible light and regular lenses.

Wit rectangular depition curve, th resalution could b increased o nfiniy.
el & Wichmann. Opt. Lett 19 (1994)
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Fluorescent NV in diamond
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Ritwoger et a Naure Photonics (Varch 2009)
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Fluorescent NV-in diamond
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Square-root resolution law

Fluorescent NV-in diamond

Ritwoger et a Naure Photonics (Varch 2009)
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No bleaching, no blinking, resolution < 20 nm
ocalzation ~ 1 Angstom)

Ritweger et s Nture Photonics (Warch 2008)
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Basic idea behind

STED etc. .
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= optical, thermal
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Optical Meta/Bistability Mierotubules
STED microscopy
Ground State Depletion (GSD) Microscopy Confocal Ground State Depletion Micr
.. other
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distinguishable states
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breaking the diffraction barrier 1 n I
Switching by Spin Flip

SWH & M Kroug. Appl. Phys. B 60(1585)
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Photoisomerisation

Dyba, Hell PRL 88 (2002)
Hell tal Appl. Phys. 877 (2003)
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Hell ot Appl. Phys. B 77 (2003)
Hofmann et al PNAS (2005)

Photoswitchable fluorescent proteins

@ —_—

Photoswitchable fluorescent proteins

Rev. Photoactivatable: asFP595 (by Lukyanov)
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Hel et al Appl. Phys. B 77 (2003)

Fluor. On

Fluor. On
Fluor. Off

Fluor. On
Fluor. Off

Camera detection possible,

Zeros & scanning are required |

“image’-

Fluor. Off

CCocamera
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Camera detection possible,

Zeros & scanning are required |

Read -
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RESOLFT

Fluor. On
Fluor. Off

CCD-camera

) |||||||| -

Camera detection possible.

Zeros & scanning are required |

R Heinzmann, JOSA A (2002)
MGL Gustafsson, PNAS (2005)
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STORM/PALM

RESOLFT

Switching molecule ensembles (confinement by zeros)

Ccocamera
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STORM/PALM

Switching molecules individually!
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CCD-camera

STORM/PALM
Switching molecules individually!
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Switching molecule ensembles (confiement by zeros)
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Switching molecule ensembles (confiement by zeros) Switching molecules individually!
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RESOLFT STORM/ PALM - Single 4 for switch-on/offiread-out. STORM/ PALM 2 Color 2 color STORM / PALM
- Freely running CCD (no synchronisation) PALMIRA
Switching molecules individually!

Switehing molecule ensembles (confinemen by zeos)
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CCD-camera

PALMIRA 1900 seconds recording time Switching molecules individually!
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uor protein Fasttime
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Conventional image

CCD-camera
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Bock et al Appl Phys B (2007)
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3D- PALMIRA

OPEN ISOMER

Fluorescent

CLOSED ISOMER
Coloriess
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3D STORM/ PALM

Switching molecules individually!
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Is photoactivation ( = active switching on) really required

as the name PALM suggests ?

Ground State Depletion Requirement:

(®enmits m photons in abunch

Ground State Depletion Requirement:

Single molecule retrn ts m photons in a bunch

Hell, Kroug, Appl. Phys. B 60 (1995)

T,, Dark

®
H LIS

B4
AA

Read

il
sl "
i,

Folling et al, Nature Methods, (2008)

Ground State Depletion Requirement:
single molecule return (@enmits m photons in a bunch
Hell, Kroug, Appl. Phys. & 60 (1995)
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Folling et al, Nature Methods, (2008)

What's THE enabling element
in

current nanoscopy schemes?

Switching ON-OFF dark/bright State

(OR-—— 5,5,T,,. STED, GSD, SSIM, GSDIM

cis, trans, binding: RESOLFT, PALWSTORM
State need not be fluorescent !

Longer lfetime > lower intensity

‘DARK'

Kus =01(1)
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Non-fluorescent
Non-absarbing

Kay = optical, thermal,

+ Time-sequential read-out

Examples of state A and B for switching

B
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Switching + sequential read-out
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e, Scenca (2006)
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m Molecules / time 1 Molecules / time

1 Photon / m Molecules m>>1 Photon / mol

[ Srommomm e | )
S Far-field fluorescence nanoscopy

has become a fact

and is being applied.

Material Sciences

Protein disirbuion fdynamics in coll
Sese 300nm

Vesicles in iving neuran
STED @ video rate (ineary doconiohes)

& 50nm

Diamond color centers
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Abbe’s equation ? AW oo The team
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