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A combination of ...

1| direct signals ...

2| signals from other senses ...

3| feedback loops ...

... produce a symbolic
representation of an object.
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| Best localization: confocal microscopy

Optics: Zhenll Huang

S ormisrapitons Fluorescein

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

focal xy plane

convencional / confocal
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| Diffraction limited microscopy

E. Abbe (T 1905)
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E Seeing is believing? Alison J. Morth, The Journal of Cell Biology, Vol. 172, No. 1, January 2, 2006 9-18

THE JOURNAL OF CELL BIDLOGY

Seeing is
believing?

A beginners’
guide to
practical pitfalls
in image
acquisition
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The objective lens is the

most critical component
of a microscope and yet

few researchers grasp
the differences between

specific objective classes.

ey g Hespdass angpugenpesy

“When you employ the
microscope, shake off
all prejudice, nor
harbour any favorite
opinions; for, if you
do, ‘tis not unlikely
fancy will betray you
into error, and make
you see what you wish
to see.” Henry Baker,
chapter 15, "Cautions in

viewing objects” of The

Microscope Made Easy, 1742.

Keep the acquisition
settings constant
hetween specimens to be
compared quantitatively
and particularly between
sample and control.

“Remember that truth
alone is the matter that
you are in search after;
and if you have been
mistaken, let not vanity
seduce you to persist in
your mistake.” Henry
Baker, The Microscope Made
Easy, 1742.
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A Diffraction limits the resolution
of light microscopy
~250 nm
—
E
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B Sizes of various biological entities

and the diffraction limit
Diffraction limit

10 um fum s 100nm 10nm 1nm1A
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1906-1972 1960-2011 MPI Gottingen Janelia Farm
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Schermelleh et al 2010 JBC
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Figure 1| Four-lens SPIM setup
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Dresden
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Laser
Micro Lens Array disk
SS=ioa—s=a=: Detector

Dichroic Mirror
P Objective Lens
/

Object Plain

spinning disk
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Detector (PMT)
Emission filter
Pinhole
Dichroic mirror
Beam expander
Laser
Microscope objective

E . T 1 F —

Background - W

/

Detection volume

Focal plane

confocal
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Yokogawa Spinning Disk Unit Optical Configuration

Shaped and Collimated —
Laser lllumination Monochrome
Microlens CCD Camera
e
SC — _\_.‘_:Q,:-\\ £ 37 >
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Figure 8 Specimen

www.youtube.com/watch?v=fXnEGA4VIIIA
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4Pi-Confocal Imaging in Fixed Biological Specimens

Martin Schrader,” Karsten Bahlmann,” Giinter Giese,” and Stefan W. Hell*
Biophysical Journal  Volume 75 Cctober 1998  1659-1668
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M2-
Phaseplate==

STED Microscopy Confocal
Stimulated

Emission

490 nm |

Depletion

104 nm

Exoltatlon +STED " Saturated
spot spot  depletion

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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AFM allows the investigation of
structural and functional
properties of biomolecules in
liquid environments, by a
unique combination of :

Imirr%
‘: —————— —— — — — —— —rlaser dicde ]

A

. PSPD
\ o detector

C, N o

anferVer ~ 7
= : sample

PZT
scanner
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e subnanometer spatial resolution

e millisecond temporal resolution

e piconewton force sensitivity
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Scan

Direction

Al

®*pPPC Lyso-PC  PA

...........

Inveried Up

neaflln s

M Grandbois et al. (1998) Biophys J.
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|-> Convolution
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Figure 2.5 System diagram of a

onfocal epi-fluore e microscope.
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PSF:
Axy ~ 500 nm | Az ~ 1500 nm
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\. / |-> Deconvolution srore
PSF: Point Spread N(PSF(x, Yy, z) ® f(x,y, z) + b(X, y, 2)) = I(X, Y, 2)
Function
f: ObjeCt Function Objeto borroso Imagen con

Objeto (f) PSF®f+b ruido (I)

b: Offset Function

\ lmage o u . - n
N: Noise Function ‘
n — Deconvolucion —

Resultado ~ f
Mejor representacion
de larealidad
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|-> Deconvolution

active contour ROI

patches z=7.41um

z=16.18 um

reeAT Y
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surface  \" active surface "
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sphere Sx
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PSF: Point Spread
Function

f. Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

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

|-> Deconvolution

EURQOSCIENCE

BIOMEDICAL Cﬂ«go
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N(PSF(x,y,2) ® f(X,y,2) + b(x,y, 2) =1(x, vy, 2)

Calculator

Mumerical aperture

Excitation wawvelength

Emission wavelength

Mumber of excitation photons

Backprojected pinhole radius

B.P. distance bhetween pinholes

Lens medium refractive index

Specimen medium refractive index

@ confocal
 widefield
 nipk o
 4pij

1.3

455

520

1

250

2.53

1515

Acquisition depth

™ calculate also PSF

1.45

Select one

(nm)
(nm}
(nmy

Cnly for Mipkow disks {pm)

(prm}



PSF: Point Spread
Function

f. Object Function
b: Offset Function
I: Image Matrix

N: Noise Function
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N(PSF(X,y,2) ® f(x,y,2) + b(X,y, 2) =1(x, vy, 2)

Backprojected
confocal pinhole Dy G
i . Pl
‘b-\_a‘\ ‘l.
‘3}1{.\ i 7/,%
- = -

S~ “kk,r-\"_ri:f’-t

piv Msle

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



PSF: Point Spread
Function

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

|-> Pinhole

N(PSF(X,y,2) ® f(X,y,2) + b(X,y, 2)) =1(x, vy, 2)

Biorad

¢ Biorad MEC 500, 600 and 1024
¢ Biorad Fadiance

Leica

¢ Leica confocals TCS 4d, SP1 and INT
¢ Leica confocal 2F2
+ Leica confocal 2P5

Nikon

o TEZ000-E wath the 1 scanmng head

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

BIOMEDICAL
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Olympus

o Olympus FW 300
* Olympus FWS00
¢ Olympus FW 1000

Zeiss

* Zeigs LEMA10 mverted
¢ Zeizs LEWIS10
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Literature: eg. Noise Theory and Application to Physics: Philippe
Réfrégier, Springer
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PSF: Point Spread N =1(x, Y, 2)
Function
A
f: Object Function P(p, 1) = F'e
b: Offset Function 1.ﬁ:,u=0'2,sd=0'=\/6=\/;
I: Image Matrix 2. counting : ﬁi\/%
N: Noise Function 3. Poisson(discrete) — Gauss(continuous) : x — oo

- Black Body Irrdiation
(Poisson)

0.15
- Detector Noise 0.12 A B ]

(Gauss) 0.09 -
0.06 -
0.03 -

DDG' |||||||
0 2 4 6 8§ 10 12 14 16 18 20 22 24
P
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The Signal to Noise ratio (SN) 1s 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-

]"JEI“}'; the same OthCt inmge to which Figure 9, I]nages with different generated
various levels of poisson noise were noise levels
added.
100 80 5 202701l +- 10.9131(ed) | 30.7007u-0ffSet] 1 144.8054) + 27 1501 el
E 80 § 60 - 3 60 3
60 . =
5 40 S 40 4 S 40
o ] o ] o
2 20 | © 20 - ® 20
R 2 > o3 ~awllll [ e & g 4
200 220 240 180 200 220 240 100 150 200
Image Values Image Values Imaage Values
| | 229 | | 200 | | 139
O »\/02 75 O 1/02 10 O '\/(72 27
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Relative intensity

_-— H | 'l - 1 -
|-> Nyquist /Shannon Theorem EUROSCIENCE
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al b) 9
|
081 150 t 150 F 150 +
06}
1 100 - 100 |
g
04t g
50 F 50 F
02f
Y. ¥ 4R DI UREE R - 0 0 10 1_5IU 0 o 100 1_:50 0 500 100 150
0.25 05 0.75 I 125 15 1.7 Fixels Pixels Pixels
Oversampling Carmect 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 > 2y ?

! Diffraction theory calculates lateral NR ~ 20 pixel/pm(~50 nm/pixel) !
... laxial NR ~ (~150 nm/pixel)
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PSF: Point Spread N(PSF(x, Yy, z) ® f(x,y, z) + b(X, Y, 2)) =I(X, Y, 2)
Function
f: Object Function # confocal
" widefield
b: Offset Function O select one
Calculator O ap
l: Image Matrix Mumerical aperture 1.3
N: Noise Function Excitation wavelength Sliti {nm})
Emission wavelength R20 {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 calculator S
PSF: Point Spread N(PSF(x,y, z2) ® f(x,y, 2) + b(X, Y, 2)) = 1(x, vy, 2)
FunCtIOﬂ Myguist sampling (x,v,2 in nm?: 46, 46, 165

f: 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 1 magnetic permeability.

Snell's Law:

sin®; n; = sin O, n,

o 1.518 [Zeiss Oil]
o 1.33 [Water]
o 1.0008 [Air]




Refractive Index:

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

Snell's Law:

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

° 1.33 [Water]
o 1.0008 [Air]

BIOMEDICAL

Refractive index IN_tysqscnswct
NSTITUTE

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

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

cover n,
(150 ym)

agua/aceite -- aceite/aceite

ny# N, n;, =N,

Ley de Snell: n;-sin®; = n, - SinO
n=n(i)!
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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 <I_,, (255 for 8 bit) !

oBJ Fluorescence  ["
_______ Intensity F(t) o
180 4
. So ‘“__s. * 100 4
i’ 50 4
( . ’ ’ 0 [ 10 15_ 20
‘ ' Distance [pm)
/ -] OBSERVATION
—— VOLUME
Py FOCAL VOLUME
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Fluorescence
Intensity F(t)

\‘f-q:
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You need to consider sampling distances in AX and Ay =~ 50
nm and Az =~ 150-300 nm for later deconvolution, or

calculate the explicit sample distances @
http://support.svi.nl/wiki/NyquistCalculator

Obj: 63Xw NA1.2 ex488 em520

sd: 00896776
0.008 chisq: 347710e-009
FWHM:0211175
o 0004
S
'@ 0002
<
= oo02
[
(4]
0- oot
0.000 753 02 00 02 04 08

xy-Distance [um]


http://support.svi.nl/wiki/NyquistCalculator
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4. Use the right inmersion setup !

nl =n2!

Keep refractive index / index of refraction constant !

@ Micro-esfera: & = 6 um

)

cover n ;
(150 am)

objective

agua Aceite -  Aceitesaceite
n #n, n, =n,
Ley de Snell: n, -sin®; = ny, -sin®),
n =n(A) !
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I. Image Adquisition

I.a|-> Fundamentos de la microscopia confocal

& 2 I.b|-> Fundamentos de la fluorescencia

II. Fundamentos de la Deconvolution

Para prufundizar: ver literatura en la pagina,
presasos y practicos !




