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Energia de un foton: (~1-5eV)
E=hv=hcAtl|c=vVvA

v, frecuencia [s]

h, constante de Planck [6.626 10-34 Js]
A, longitud de onda [m]

c, velocidad de luz [~3 108 ms1]

Energia molecular:

E = Erot t Evib t EeI
1 - 103 : 50-103

Energia térmica;:

E=kT (~2.5102eV, T ~20°C)

k = Constante de Bolzmann (0.86 104 eV/K)
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| Best localization: confocal microscopy

Optics: Zhenll Huang

Photography: Ciceron Yanez F I u O re S C e i n

Date: Oct. 25, 2006
z University of Central Florida

focal xy plane

convencional / confocal
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Optica no-geométrica /

Teoria de difraccion

PSF = |U|2=f(1],)
U, Integral de Difraccion de Kirhoff

Focd plane

Jo, Serie de funciones de Bessel

(Born & Wolf, Priniples of Optics, 6th edition 1988,
Pergamon Press)
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Confocal Microscopy | From Geometric Optics to Diffraction Theory
Diffraction: The deviation of an electromagnetic wavefront from the path predicted by geometric optics
when the wavefront interacts with a physical object such as an opening or an edge.

object OTF objectImage OTF-! objectModeI
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| Diffraction limited microscopy

E. Abbe (T 1905)
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Martin Schrader,” Karsten Bahlmann,” Ginter Giese,” and Stefan W. Hell*

Biophysical Journal  Vaolume 75 Octoker 1998 16501668

BIOMEDICAL

EUROSCIENCE

INSTITUTE

00 05 10 15 20 25
Z[um]

00 05 10 15 20 25
Zum]

00 05 10 15 20 25
z[um]



R— BIOMEDICAL r{?
@ | -> STED EUROSCIENCE
INSTITUTE

>cientific Image Analysis

Detector
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STED Microscopy Confocal -

.
Stimulated -‘jL
Emission S
Depletion

104 nm

Excitation STED Saturated
spot spot depletlon

~ /

Concepts for nanoscale resolution in fluorescence microscopy
Stefan W Hell", Marcus Dyba' and Stefan Jakobs®

Current Opinion in Neurobiology 2004, 14:599-609
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- 2 = kBANB - kABNA
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N, , =normalized population probability
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(a) STED principle (c) STED microscope
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(a) STED principle (c) STED microscope
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Neumann et al. PMC Biophysics 2010, 3:4
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Células de Mamiferos Transfectar

Excitacion breve a3 405

Longitud de onda de excitacion nm

361 nm

<
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ACTIVATED

Imagen adquirida mediante TIRFy
una camara capaz de captar de a
un fotén (EMCCD)

Betzig et al, 2006 Science.
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Sub-cultive en cover’s ya
sea como células
individuales o cortes finos
de tejido y fijar.
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Camara que impide el
“drift” térmico y
mecanico.
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ACHED

La excitacion a 561 nm continua
(despues de la adquisicion de
imagenes) hasta que ocurre el
fotoblangueamiento de la mayoria de
las molécula YA activadas.

ACTIVATED

Nuevamente se entrega un
pulso de 405 nm para
fotoactivar las moléculas
restantes.

Algoritmo no lineal de minimos

cuadrados

: s*+a* /12 &ms'h,?
(61._1- ) f

N aN,,’

m

Ajuste a una Gaussiana de la PSF en
dos dimensiones.

N is the number of photons gathered,

a is the pixel size of the imaging CCD detector,

b is the standard deviation of the background (which includes

background fluorescence emission combined with detector

noise), and

S, is the standard deviation or width of the distribution
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El proceso de foto activacion —
adquisicion y fotoblanqueamiento
se repite “n” veces, hasta que todas
las moléculas que fueron
fotoactivadas fueran depletadas por
fotoblanqueamiento.

Suma de los
stacks en XY
en el tiempo,
sigue dando
una imagen
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Localization Resolution and Molecular Density in PALM

Figure 5
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FLUORESCENT IMAGING

Nature Methods: Method of the Year 2008

http://www.youtube.com/watch?v=UCJ60QSd
xNO&feature=related

Super-resolution
Imaging
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http://www.youtube.com/watch?v=EM5YuOZiAll&feature=related
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Structured illumination
SIM

Stimulated emission depletion U0
STED
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Single molecule localization
PALM/STORM
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