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Patologia digital/microscopia virtual, Tissue Scanner (Francisca Valdés)
Diego Ormefiio y Michelle Pacheco

Microscopia y Microbiologia de Expansion, Publicacion de Métodos (Dante Castagnini, Steffen Hartel)
Proteus mirabilis biofilm expansion microscopy for preparation as Methods Paper: Journal of Visualized Experiments. www.jove.com
Anibal Molina y Felipe Carrasco

Radiologia & IA, CIMT/HCUCH (Constanza Vidsquez), Cristébal Pineda y Javiera Ledn / Magdalena Sanhueza y Tatiana Boza

ALPACA I: SCIAN-Drop & SCIAN-Force, estimacion de fuerzas y modelos de contornos celulares/droplets (Jorge Jara, Karina Palma,
Steffen Hartel)

Muriel Ponce y Rolando Vernal

ALPACA II: segmentacion y modelos de contorno (Jorge Jara, Mauricio Cerda)
Ivan Roa y Pablo Cabello

Colocalizacion de marcadores de DAMPS en células del sistema inmune (Fermin Gonzdlez, Karina Palma, Steffen Hartel)
Alfredo Torres, Fabian Tempio & estudiantes


https://www.jove.com/

Tatiana Boza MIM The Good, the Bad and the Ugly 29. Aug
Proteus mirabilis biofilm expansion microscopy yields
over 4-fold magnification for super-resolution of biofilm |23. Sep
structure and subcellular DNA organization
Pablo Cabello MIM
4.1.6. Steady-state and Time Resolved | 1.7 Steady-state 10.S
.Se
Felipe Carrasco MIM Fluorescence and Time s
Coelho et al. (2009) Descriptores de Similaridad/Calidad 08. Okt
Javiera Ledn MIM =T A
1.2 Jablonski
_ _ 4.1.2. Jablonski Diagram < JapionsK 05.Sep
Anibal Molina MIM Diagram
1.5FL
) . 3 4.1.4. Fluorescence Anisotropy , Horeseence 23.Sep
Diego Ormefio PhD(c), M. Caceres Anisotropy
1.1 Ph f
. 4.1.1. Phenomena of Fluorescence enomenan 05. Sep
Michelle Pacheco MIM Fluorescence
Cristébal Pineda MIM Cap. 3: Histogramas 07. Okt
1.4 Fluorescence
4.1.4. Fluorescence Lifetimes Lifetimes and 23. Sep
Muriel Ponce MIM Quantum Yields
lvan Roa MIM Cap. 7: Chain codes 08. Okt
1.3
Characteristics of
4.1.3. Fluorescence Emission aracteristics o 05. Sep
Fluorescence
iMagdalena Sanhueza MIM Emission
Cap. 2/4: Convolucién, Filtros basados en convoluciéon |07, Okt
Rolando Vernal Odonto
Alfredo Torres Fermin G. Seeing is believing? A beginners' guide to practical pitfalls
in image acquisition. Alison J. North. 2006 The Journal of |29. Aug

Fabian Tempio

Estudiantes

Cell Biology, 172(1):9-18
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Richard Feynman (1918-1988)

Joaquin Torres Garcia 1874-1949

Maria Goeppert-Mayer 1906-1972
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|-> Diffraction limited Microscopy

Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

L 3 k1 r'd r

W Focal plane
Background - A

/

Detection volume
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|-> Diffraction limited Microscopy  NEUROSCIENCE
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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/



|-> Diffraction limited 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.

Aperture

Optical aixs

Figure 2.1 Diffraction of a converging spherical wave at a circular aperture




|-> Diffraction limited Microscopy

Optica no-geométrica /

Teoria de difraccion

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

Jo, Serie de funciones de Bessel

(Born & 1-1—-’6{;". Prir:fpi.srs of Optics, 6th edition 1988,
Pergamon Press)

Focd plane




|-> Diffraction limited Microscopy

| Best localization: confocal microscopy

Optics: Zhenll Huang
Photography: Ciceron Yanez
Date: Oct. 25, 2006
z University of Central Florida

— >
focal xy plane

convencional / confocal



|-> Diffraction limited Microscopy

| Diffraction limited microscopy

E. Abbe (T 1905)

AS2 NA ~ /2 Resolution (Full Width at Halft Maximum, FWHM )

FiyHM /L2 Localization, N number of photons
Localization ~ SE
] . ; O 63w NA 12 exdBB em520
L : sl 0BG TS
g focal xy plane 0008 chisg: 347710e-008
- - "-LI FWHM: 0211175
N P - i 0004 j Wi S 1L
4 - I_E H
2 oo
8
=g Fesolution
& o Py HM
el 1 j Llﬁk
ﬂm
:rr—Dltlm:u [urn]

conventional [ confocal
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PSF-Intensities

PSF-Intensities

clmag

Laboratory for

|-> Diffraction limited Microscopy

e a2 V=] )

Obj: 63Xw NA1.2 ex488 em520
dx/dy = 40 nm, dz = 120 nm

0.005 FWHM:  0.210881
0.004
0.003
0.002
0.001
0.000 =1 I I 1 L |
-04 0.2 0.0 0.2 0.4 0.6
xy-Distance
Obj: 63Xw NA1.2 ex543 em580
FWHM:  0.236668
0.004 -
0.003 -
0.002 F
0.001E
0.00057 02 0.0 0.2 0.4 0.6

xy-Distance

PSF-Intensities

PSF-Intensities

0.010

0.008

0.006

0.004

0.002

0.000

0.006

0.004

0.002

Obj 63Xoil NA1.4 ex488 em520

0.000

_ FWHM:-  0.181533
04 02 00 02 04 0.6
xy-Distance
Obj: 63Xoil NA1.4 ex543 em580
FWHM: 0.205059
04 02 00 02 0a 06

xy-Distance
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|-> Diffraction limited Microscopy

Diffraction limits the resolution
of light microscopy

Sizes of various biological entities

10 um

and the diffraction limit
Diffraction limit

ifum s 100nm 10nm 1nm1A
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Atacama Large Millimeter/submillimeter
Array (ALMA), 66 Antenna, 5000 m

E-ELT European
Extremely Large
Telescope, 39 m, 3000 m
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Extraterrestrial Monster Science produces:
TeraB, PetaB, ExaB, ZettaB, YottaB

... Tera is a unit prefix Metric prefixes
in the metl’ic System Prefix Symbol 1000™ 10" Decimal
" denoting mu|tip|icati0n yotta " 1000° 241000000 000000 000000 000000 septillion
) —— - : 10007 10*' 1000 000000 000000 000 000  sextillion

J//' by 10E12 or : L 1000°  10"® 1000000 000000 000 000 quintillion
, 1000000000000 I peta 1000°  10'° 1000 000000 000 000 quadrillion

! tera 1000* 102 1000000000000  trillion
i giga 1000*°  10° 1000000000 billion
| .. Tera is derived from  |SSENEEGA o e
I Greek Tépag (teras), ecto b 100022 102 100 hundred
meaning “monster”. deca  da 10007 10 0 en

1000 10 ane

| 10007 107" 01 tenth
. centi c 1000722 1072 0.01 hundredth
Tera WaS Conflrmed milli 10007 107% 0.001 thousandth

for use In the SI N micro 10007 107 0.000001 millionth

1960 Wiki ! nane 1000 107  0.000000 001 billionth

pico 1000™*  107'% 0.000000 000001 trillionth

femto 10007 107"® 0.000000 000000 001 quadrillionth

atto : 1000 107"® 0.000000 000000 000001 quintillionth
100077 107" 0.000000 000000 000000 001 sextillionth
10007 1072* 0.000000 000000 000000 000 001 illionth
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“It is very easy to answer many
of these fundamental biological
questions. You just look at the
thing !

Make microscopes a hundred
times more powerful and many

problems of biology would be
made very much easier."

Richard Feynman (1918-1988)
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René Descartes (1596-1650)

BIOMEDICAL

FUROSCIENCE |
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... just look at the thing ...
¢ Human visual perception ?

Treatise of man (~ 1637)

Passions of the soul (~ 1649)

|

}
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Scientific Image Analysis )

A combination of ...

1| direct signals ...

2| signals from other senses ...

3| feedback loops ...

... produce a symbolic
representation of an object.

':.-|;|i-- T
b Y

glandula pinealis / pineal organ
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Best resolution in t & x ...
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OTF: Object/Optical Transfer Function

NG
e

o
N

A
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S
FUROSCIENCE
NSTITUTI

Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data

Schotte et al (2003) Science

object OTF 0bject:l:mage OTF1

0bjectModeI

1-ps laser pulse

& VbCO
Cryo~\ nrystal

stream
150-ps )
Xray pulse g < J
s |2 < difiraction | MAR ‘_’CD
- o n patiern téefg,‘nosr
'_‘[J | 132.5 mm
M
X-ray 11
collimator RE—
S ) ~
goniometer (
head

( X-ray beamstop
5 50 mm
rotation axis
AR
F helix

100 ps

Phe29

B helix

% before photolysis

@ after photolysis
10A

http://www.youtube.com/watch?v=InKIBZYarzM
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Diffraction Limited Resulution for a 10m telescope ~ A/D ~ 0.01 arcsec

is limited to ~ 0.5 arcsec by the turbulent atmosphere.

NAQOS creates an artificial star at 90 km altitude in the Earth’s mesosphere.
The Laser Guide Star is used to correct atmospheric effects

0bject OTF object:l:mage OTF1 objectlvlodel

o

The VLT Platform at Paranal
(Evening of November 25, 2001)

2.3 arcsec
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Diffraction Limited Resulution for a 10m telescope ~ A/D ~ 0.01 arcsec
is limited to ~ 0.5 arcsec by the turbulent atmosphere.

object OTF object:l:mage OTF-1 objectlvlodel

Hubble

The VET Platform at Paranal
(Evening of November 25, 2001)
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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.

0bject OTF object:l:mage OTF1 objectlvlodel
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-

=
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raw image

|-> Deconvolution

mage

deconvolution ROl active contour ROI

e

\

holes SEVE z=7.41pum

DA A
surface  \ - J
polygon \ -

" active surface '

2-phase sphere ¥

z=16.18 um
. 3
\ \
4 W
sphere N
z2=17.86 um projection '

Bion

(S

model

e

(e

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

Imirr%
‘t —————— — — — — — —— —rlaser dicde ]

s

. PSPD
\ o detector

C . 7

anff’e\,er A S s
= : sample

PZT
scanner

BIOMEDICAL f}f
FUROSCIENCE !
INSTITUTE

e subnanometer spatial resolution

e millisecond temporal resolution

e piconewton force sensitivity




® oo BIOMEDICAL &%

2 |-> Atomic Force Microscopy NeUrosCiEn

Scientific Image Analysis

Scan

Direction

Al

Y e
ey v i
l' H
\)
Y \ \
u i B
Ko KA \ v Wl ete ah
1. O X 3% .
s \ e 1
’
.
i '

®*pPPC Lyso-PC  PA

Inveried Up

nenfiln e

M Grandbois et al. [1998) Biophys J.
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b4
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kexc
—_—
()
® ( )
()
() ()

Stokes: Moo <
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exc

L

Stokes: Kexc < .
NAexe) > :
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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

o K
[

BIOMEDICAL S
N

|-> Deconvolution EUROSCIENCE

NSTITUTI

)\
<

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)

\ 4
— Deconvolucién —

Resultado ~ f
Mejor representacion
de larealidad
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raw image

|-> Deconvolution

mage

deconvolution ROl active contour ROI

e

\

holes SEVE z=7.41pum

DA A
surface  \ - J
polygon \ -

" active surface '

2-phase sphere ¥

z=16.18 um
. 3
\ \
4 W
sphere N
z2=17.86 um projection '

Bion

(S

model

e

(e

projection ¢ &%
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Scientific Image Analysis IH"IlllLl]l_
PSF: Point Spread NIPSFIX )y, 2 ® x vy, 20+ 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 wawvelength 485 {nm)
Emission wavelength R20 {nm}
Number of excitation photons 1
—— P  Backprojected pinhole radius 250 {nm}
B.P. distance between pinhaoles 2.hi Cnly for Mipkow disks {pm)
Lens medium refractive index 1515
Specimen medium refractive index |1.45
Acguisition depth 0 {pm)

I calculate also PSF

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



PSF. Point Spread
Function

I Object Function
b: Offset Function
I Image Matrix

N Noise Function

- BIOMEDICAL &%
|-> PInhOIe EUROSCIEMNCE (
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NIPSAX )y, 2 @ Ax ). 2) + blx vy, 2) = I/x y. 2

Backprojected
confocal pinhole iy G
o . I e
b_\-_\\‘ }-
g< ),
4 ¥ <
.

- “’(k, }’N_t(:f’&

pire hale

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



PSF: Point Spread
Function

> Object Function
b: Offset Function
I Image Matrix

N Noise Function

g)

BIOMEDICAL &%
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|_> Pinhole EUROSCIENCE )
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NIPSAX y, 2 ® Aix ), 2 + bBlx y, 2] = I/x ). 2

Biorad Olympus

+ Biorad MEC 500 600 and 1024 + Olympus BV 300

+ Biorad Fadiance + Clympus FWIS00

¢ Clympus FYV 1000
Leica .
Zeiss

¢ Leica confocals TCS 4d, SP1 and 1T

¢ Leica confocal SP2 + Zeizs LS 10 mverted

¢ 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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IySICS

Informa
Theol

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)

BIOMEDICAL f}f

|_> Noise EUROSCIENCE

INSTITUTE

N =Ix ) 2
p

P(p,u)=ﬂ—,'e‘”
P

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

0.15
0.12 - B B
0.09 -
0.06 -
0.03 -

0,00 =B s s
00 2 4 6 8 10 12 14 16 18 20 22 24
P
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Scientific Image Analysis
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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 &am-
ples of such textures obtained from origi-

]"JEI“}F the same ohject in'lage to which Figure 9, I]nages with different generated
various levels of poisson noise were noise levels
added.
100 -+ 80 5 202701ul +- 10.9131fsd) | 30,7007 -0ff et 4 144 8050 +- 27 1501 fsdl
§ 80 - § 60 3 3 60
60 ] c
3 40 3 $ 40 - 8 40 -
o E I o ] =3
20 - l o 20 o ® 20 -
Y 0] 2l > 03 -arllll [ e & g ]
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 »\/02 75 O ’\/(72 10 O ’\/GZ 27
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|-> Nyquist /Shannon Theorem

1l
08|
=
£ 06}
g
m
= 04}
02
ILJ
0.5

0.5

0.75

al

150

Inensiy

b)
150
100
50 |
50 100 150 0 50 100 150
Pixels Pixels
Oversampling Cormect sampling

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

BIOMEDICAL Cﬂq;\?)
EUROSCIENCE
INSTITUTE

150 -

100 -

50 b

0 50 100 150
Pixels

Undersampling

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)



Rk

I BIOMEDICAL \«5@

% |'> PSF calculator EUROSCIENCE |
INSTITUTE

Scientific Image Analysis

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
A /mage Matrix Mumerical aperture 1.3
N-Noise Function Excitation wavelength qaa {nm}
Emission wavelength il {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
Acguisition depth 0 {pm)

I calculate also PSF

http://support.svi.nl/wiki/NyquistCalculator
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PSF: Point Spread NIPSEX, y, 20 ® ix, y, 2) + b(x vy, 2)) = I/x ). 2)
FU”CZ-/OH Myquist sampling (=,y,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]
° 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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Scientific Image Analysis

@ 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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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) !

oBJ Fluorescence [
_______ Intensity F(t) o |
150 4
- So "_s. * 100 4
i’ 50
]

( . . 0 5 10 15 20
N s 4 Distance [um)
/ @ OBSERVATION
\JJ”'/ VOLUME

FOCAL VOLUME
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DET

l

OBSERVATION
———  VOLUME

Y =—— FOCAL VOLUME

|-> Resumen II EUROSCIENCE

Fluorescence
Intensity F(t)

J-q:

BiomeDICAL €%
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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 NA12 ex488 em520

sd: 00896776
0.005 chisq: 347710e-009
FWHM:0211175
o 0004
S
‘@ 0p0a
L
= o002
L
(45}
0 oot
0.000 "3 02 00 02 04 08

xy-Distance [um]


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

l

Fluorescence
Intensity F(t)

OBSERVATION
VOLUME

° ~—— FOCAL VOLUME

|-> Resumen III

a0
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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; x
(150 i)

objective

agua Aceite -  Aceite/aceite
n # n, n=n,
Ley de Snell: n, -sin®); = ny, -sin®),
n =n(A) !
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