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l. Image Adquisition

la]-> Fundamentos de la microscopia confocal

Ib]-> Fundamentos de la fluorescencia
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» Principles of Fluorescence Spectroscopy, Joseph R. Lakowicz 4.1
Introduction to Fluorescence

|-> Quenching, Bleaching ...
|-> Polarisation ...
|-> Steady-State and Time-Resolved Fluorescence...

|-> Forster Resonance Energy Transfer ...

* Photomultiplier www.olympus-lifescience.com/en/microscope-resource

/primer/digitalimaging/concepts/photomultipliers

* Chrome Spectra Viewer www.chroma.com/spectra-viewer

* Thermo Fisher Spectra www.thermofisher.com/order/spectra-viewer
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Third Edition

Principles of
Fluorescence Spectroscopy

SN ot
1 Springer


https://www.chroma.com/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer

?JL;

AN : BioMEDICAL &/
|' > Fluorescencia I EUROSCIENCE |

ific Image Analysis IHHI[ILl]['

Interacciones ...
e intra- e inter moleculares ...

Luminescencia:

- Fluorescencia At ~ 10-8s

- Fosforescencia At~ 10-3-10°s producen cambios ...

e espectrales

e tiempos de vida
e polarizacion

e intensidad ...
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Absorcion / Excitacion Emission
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Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

Focal plane
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Detection volume
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Rebanada optica en um, modificable segun Airy units del pinhole

http://www.leica-microsystems.com/science-lab/confocal-microscopy-optical-path/
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Scientific Image Analysis

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.

Aperture

Optical aixs

Figure 2.1 Diffraction of a converging spherical wave at a circular aperture
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Optica no-geométrica /

Teoria de difraccion

PSF = |U|2=f(],)
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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PSF-Intensities

PSF-Intensities
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|-> Diffraction limited Microscopy

cIlmage Ana 3
Obj: 63Xw NA1 2 ex488 em520
dx/dy = 40 nm, dz = 120 nm
0.005 FWHM: 0210881
0.004
0.003
0.002
0.001
0.000 = 1 1 1 1 |
-04 02 00 02 04 06
xy-Distance
Obj: 63Xw NA1.2 ex543 em580
FWHM: 0.236668
0.004
0.003
0.002 -
0.001F
0.00053 -0.2 0.0 02 0.4 06

xy-Distance

PSF-Intensities

PSF-Intensities
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Obj 63Xoil NA1.4 ex488 em520

0.000

_ FWHM:- 0181533
04 _0.2 00 0.2 0.4 0.6
xy-Distance
Obj: 63Xoil NA1.4 ex543 em580
FWHM: 0.205059
04 0.2 00 02 0.4 06

xy-Distance
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A Diffraction limits the resolution

Bertocchi, Cristina & Goh, Wah & Zhang, Zhen &
Kanchanawong, Pakorn. (2013). Nanoscale Imaging by
Superresolution Fluorescence Microscopy and Its
Emerging Applications in Biomedical Research. Critical
reviews in biomedical engineering. 41. 281-308.
10.1615/CritRevBiomedEng.2014010448.

of light microscopy

~250 nm
—
-
c
o
n
n
z {
L.
B Sizes of various biological entities
and the diffraction limit
Diffraction limit
10 um fum 2 100nm 10nm 1nm1A

&
- mmwmwmow

Bo Huang, Hazen Babcock, Xiaowei Zhuang, Breaking the Diffraction Barrier: Super-Resolution Imaging of Cells, Open Archive Published:December 17,

2010 DOl:https://doi.org/10.1016/j.cell.2010.12.002



https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://doi.org/10.1016/j.cell.2010.12.002
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M Goeppert-Mayer M Gustafson S Hell E Betzig

1906-1972 1960-2011 MPI Gottingen Janelia Farm

BIOQUANT Hdg

FWHM(xy) ~ A/2 ~ A4 ~ ) /00 ~ A4 ~ /100
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2-photon SIM STED 4-1 PALM
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Scientific Image Analysis

’ CLSM ‘ STED CW-STED ‘ 3D-SIM | PALM/STORM
~hem [nm] ’ 460-670 ’ 670 520 ‘ 620 520 460 670 520
zh (PSF)
(PSF, reconstructed)
B -
' ' (Localization precision)
100 nm - y I I
0 106 nm X
~D,, [nm] 180-250 60 70 130 110 100 30
~D, [nm] 500-700 700 560 340 280 250 140 (TIRF-range)
Ve 108 < um?) 10-23 1.3 1:5 3.0 1.8 13 0.1

Schermelleh et al 2010 JBC
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| Best localization: confocal microscopy

focal xy plane

convencional

/

confocal

Optics: Zhenll Huang
Photography: Ciceron Yanez
Date: Oct. 25, 2006
University of Central Florida
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Fluorescein
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| Diffraction limited microscopy

E. abbe (t 1505)

L2 NA ~ A/ 2 Resolution (Full Width at Halft Maximum, FWHM )

FyyHM /L2 Localization, N number of photons

Localization ~ SE

*s NN z l Obj: 63Xw NA12 ext8l em520
. - o DOBRG 776
. focal xy plane 0008 chisg: 3A7710e-009
5 . FWHM: 0211175
- . i e j ey S Ll
= b .
E 0003 | |
E i Fesolution
& mo Pt M
2 apon LI%EK
Ilm
:rr-Dltlm:u [urn]

conventional [ confocal
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Figure 2.5 System diagram of a confocal epi-fluore e microscope.
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PSF:
Axy ~ 500 nm | Az~ 1500 nm
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PSF. Point Spread
Function

> Object Function
b: Offset Function
I Image Matrix

N Noise Function

aNe
e
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NIFSFIx, v, 2 ® fix y, 2) + B(x y. 2)) = I[x y. 2)

Objeto borroso Imagen con
Objeto (f) PSF®f+b ruido (1)

A\ 4
— Deconvolucién —

Resultado ~ f
Mejor representacion
de larealidad
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|-> Deconvolution

active contour ROI
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PSF: Point Spread NIPSFIX )y, 2 ® ix vy, 2+ Blx y, 2)) = I/x ), 7]
Function
ﬁ. O[?/E)C[ FU/?C[/O” i+ confocal
- © widefield Select one
b: Offset Function  nipkow
Calculator O ap
A /mage Matrix Mumerical aperture 1.3
N-Noise Function Excitation wavelength 435 {nm}
Emission wavelength R20 {nm}
Number of excitation photons 1
—P» Backprojected pinhole radius 250 {nm}
B.P. distance between pinhales 253 Only for Mipkow disks {pm)
Lens medium refractive index 1515
Specimen medium refractive index |1.45
Acguisition depth I {pm)

™ calculate also PSF

http://support.svi.nl/wiki/NyquistCalculator



PSF. Point Spread
Function

> Object Function
b: Offset Function
I Image Matrix

N Noise Function

BIOMEDICAL &%
|-> PInhOIe EUROSCIENCE (

INSTITUTE

NIPSAX y, 2 @ Ax ). 2) + blx vy, 2) = I/x y. 2

Backprojected
confocal pinhole , — 4
& <Z:iy/¢&ﬁ i
e
g b

b e

t’ s vu\‘{

http://support.svi.nl/wiki/NyquistCalculator



PSF: Point Spread
Function

> Object Function
b: Offset Function
I Image Matrix

N Noise Function

C’)
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NIPSAX y, 2 ® Aix ), 2) + blx )y, 2)) = I/x ). 2

Biorad Olympus

* Biorad MEC 500 600 and 1024 + Olympus FY300

+ Biorad Fadiance ¢ Olympus FYVS00

¢ Olympus FYV 1000
Leica ]
Zeiss

¢ Leica confocals TCS 4d, SP1 and WT

¢ Leica confocal SP2 ¢ Zeizs LA 10 myverted

¢ Leica confocal 2P5 o Zeigs LENS10

Nikon

o TEZ000-E with the 1 scantng head

http://support.svi.nl/wiki/NyquistCalculator
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Informa
Theo

Literature: eg. Noise Theory and Application to Physics: Philippe
Réfrégier, Springer
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PSF: Point Spread
Function

> Object Function
b: Offset Function
I Image Matrix

N Noise Function

- Black Body Irrdiation
(Poisson)

- Detector Noise
[Gauss)

BIOMEDICALI f}:\?

|_> Noise EUROSCIENCE
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N =I(x ). 2
Y

P(p,u)=""-e
p

2.counting: p+./p
3. Poisson(discrete) — Gauss(continuous) : u — o

0.15
0.12 - B B
0.09 -

0.06 1
0.03 1
DDO J AN N O N I T [P T R R T TN T W
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The Signal to Noise ratio (SN) is a num-
ber not always easy to estimate. The easi-
est way to obtain some fi gureis to look at
the textures of bright areas in your object
image. In the fi gure at left you see aam-
ples of such textures obtained from origi-

nall}; the same DhjECT in'lage to which Figure 9, I]‘nages with different generated
various levels of poisson noise were noise levels
added.
100 80 5  202707ul + 10.9131fsd| | 30.7007(u-0ffSet] | 144 8050) + 271501 (od)
§ 80 g 60 - & 60 3
60 ] = 3
= £ 40 - £ 40 -
o 40 1 o 1 o ]
g 20 | g 20 g 20 -
B R e = L o o 1L L o 3
200 220 240 180 200 220 240 100 150 200
Image Values Image Values Imaae Values
I 1 229 I 1 200 I 1 139
SNR =— = = SNR = — = — SNR = — = —
(02 ’\/UZ 75 (02 ’\/UZ 10 O 1’62 27
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Relative intensity
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|-> Nyquist /Shannon Theorem EUROSCIENCE
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3 b} 9
1t
081 150 150 + 150 +
06|
1 100 | 100
2
04t 2
50 F 50 ¢
02f
"'u"""""'""""L—"D"'AU ] 50 1tlm 15:0 0 50 1&:0 1.:30 D 50 100 150
0.25 0.5 075 1 1235 15 175 Pinels Pixels Pixels
Oversampling Cormect sampling Undersampling

- Undersampling looses structures.
- Oversampling waists memory/computation time.

The '‘Nyquist /Shannon Theorem® or ‘Sampling Theorem® for the
digital sampling of analogue signals suggests a Nyquist rate NR > 2v ?

! Diffraction theory calculates lateral NR ~ 20 pixel/pm(~50 nm/pixel) !
... laxial NR ~ (~150 nm/pixel)
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PSF: Point Spread NIPSFIX v, 20 @ Ax v, 2) + b(x vy, 2)) = I{x v, 2)
Function
> Object Function # confocal
" widefield
b: Offset Function O ripkow select one
Calculator O ap
I /mage Matrix Mumerical aperture 1.3
N-Noise Function Excitation wavelength 4a8 {nm’)
Emission wavelength l {nm})
Mumber of excitation photons 1
Backprojected pinhole radius 250 {nm}
B.P. distance between pinholes 253 Cnly for Nipkow disks {pm)
Lens medium refractive index 1.515
Specimen medium refractive index |1.45
Acquisition depth I {pm)

I calculate also PSF

http://support.svi.nl/wiki/NyquistCalculator
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PSF: Point Spread NIPSEX, v, 20 ® ix, y, 20 + b(x vy, 2)) = I/x ). 2)
FU”CZ-/OH Myguist sampling (x,v,z in nm): 46, 46, 165

I Object Function
b: Offset Function
I Image Matrix

N Noise Function

http://support.svi.nl/wiki/NyquistCalculator
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Index of refraction: n = (e p)t/2 = c/v,

¢ electric permittivity and u magnetic permeability.

Snell's Law:

sin®; n; = sin ©, n,

o 1.518 [Zeiss Oil]
o 1.33 [Water]
o 1.0008 [Air]
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Refractive Index:

RI = n;/n,=v,/v,

Shell's Law:

sin®; n, = sin 6, n,
n=n(\)!
o 1.518 [Zeiss]

5 1.33 [Water]
° 1.0008 [Air]

Fig. 1. Geometry when focusing with refractive index mismatch.

(Egner et al 1998)
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@ Micro-esfera: J =6 gm

cover n,
(150 pm)

agua/aceite -- aceite/aceite

ny# N, n;, =N,

Ley de Snell: n;- sin®; = n, - sin®
n=n(iA)!
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LASER The observation volume (femtoliter) defined by the Point

Spread Function must be considered as a mini-
sprectrofluorimeter.

1. You need to consider the Offset I(0) in order to calibrate
your signal I(0) > 0 !

2. Never saturate the signal: I <1, (255 for 8 bit) !

Fluorescence  |mr
Intensity F(t)

150

100

50

Distance [pm]

/ @ OBSERVATION
—— VOLUME

FOCAL VOLUME
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