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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.
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“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.
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Keep the acquisition
settings constant
between 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.

Seeing is believing? A beginners' guide to practical pitfalls in image acquisition. Alison J. North. 2006 The
Journal of Cell Biology, 172(1):9-18
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l. Image Adquisition

la]-> Fundamentos de la microscopia confocal

Ib]-> Fundamentos de la fluorescencia
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Il. Deconvolution

lll. Segmentation

IV. Analisys
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René Descartes (1596-1650)
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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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A combination of ...

1| direct signals ...

2| signals from other senses ...

3| feedback loops ...

... produce a symbolic
representation of an object.

e N

glandula pinealis / pineal organ
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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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OTF: Object/Optical Transfer Function
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Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data

Schotte et al (2003) Science

object OTF 0bject:l:mage OTF1

0bjectModeI
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X-ray pulse Y -
< MAR CCD

« |2, o
- =os + “'ig:;’,'ﬁ " | detecior
o) patlem | @ 132.5mm
X-ray |_L
collimator reh
S ~
goniometer L (
head X-ray beamstop
3 50 mm
rotation axis e i1

AL
F helix

100 ps

Phe29

B helix

T 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

e

The VET 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 VLT 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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Diffraction limits the resolution
of light microscopy

~250 nm

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.

2010 DOI:'

Sizes of various biological entities
and the diffraction limit

Diffraction limit

1um : 100 nm 10 nm

1nm1A

, Breaking the Diffraction Barrier: Super-Resolution Imaging of Cells, Open Archive Published:December 17,



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




. " AT
Laboratory for l-'s_llL ]Il'-.. I|| | .:'l':_L I'vll N ‘\E‘”“?”/

\. 4 |-> PSF overview EUROSCIENCE

NSTITUTI

ientific mage alysis

CLSM STED CW-STED PALM/STORM
~hem [nm] 460-670 670 520 670 520

z | (PSF)

(PSF, reconstructed)

‘ i
' k g ; (Localization precision)

100 nm 4

106nm
~D,  [nm] 180-250 | 30
~D, [nm] 500-700 140 (TIRF-range)
~V,,, [110% pm?’] 10-23 . . j : : 0.1
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la]-> Fundamentos de la microscopia confocal

Ib]-> Fundamentos de la fluorescencia
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Galileo Galilei (1610)

Hans Janssen (1595), ....
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Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

Background - A

Focal plane

/

Detection volume
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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 ...

« at -

Absorcion / Excitacion Emission



300n m ...................... 700n m
7\4 | | | | | | | | | | | | | |
| | | | | | | | | T | | | 1
pm nm pum mm m
v | | | | | | | | | | | | | I
109 106 103 cml 103
V4 | | | | | | | | | | | |
EHz PH THz GHz
E | | | | | | | | | | | | I
MeV keV eV
Y X | UV IR MW | RW
Internal Valenz Vibration Rotation ESR/
Nucleus Elecrtrones Molecules NMR
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Energia de un fotdn: (~1-5eV)
E=hv=hcAt|c=vVvA

v, frecuencia [s7]

h, constante de Planck [6.626 1034 Js1]
A, longitud de onda [m]

c, velocidad de luz [~3 108 ms]

Energia molecular:

E=Eqx + Ep *+ Eq

1 . 103 50-103

Energia térmica:

E=kT (~2.5102eV, T ~20°C)

k = Constante de Bolzmann (0.86 10 eV/K)
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Transiciones: , con radiacion Niveles: —— vibracionales

sin radiacién |y -> calor — electronicos

-> transferencia de energia (FRET)
-> radicales ... STED

¥ S, —p
| 10125
i , N‘Pv" — AE(‘I’v',‘Pv")
| Conversion interna N exp B
Yv'

S] - 3 - 10-85‘

z -

= 106 - 1s
(]
- Pad
10-15s Absorcion c
q
]

— 10-°-10-8s Fluorescencia
H

g 106 - 1s Fosforescencia

S, T

A v
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Scientific Image Analysis

Frank Condon :
‘Transiciones entre niveles
electronicos ocurren mucho mas

\ — e répido que movimientos de nicleos
- =]
,3"'5\-—- Y, moleculares.’
7 7 V=5 o
§ 1,5 " (mMasagectron , Masasm: 1 : 2000)
% ¢ 3 bg 0 d -> Mirror Image Rule
L
—
l -
\ P _
\\ s xﬁ 5 Stokes (Shift) :
W, N ' V" 'La energia de emision es menor a
v=3 N Z 1/ 2 la energia de excitacion.’
Yyao 0

Distance [r]
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Scientific Image Analysis

» 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
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