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Lrtroduction to rucroscopy

from comvertional ...
.. Lo Super Resoludion

How to choose the better objective for your sample ?
Refraction index
Numerical aperture
Resolution
Immersion medium
Mounting medium
Depth of field
Working distance

lllumination mode :
Bright-field microscopy

Phase contrast microscopy

Fluorescence microscopy
Matrix, Bit depth, pixel size, histogram, RGB color pictures
Confocal microscopy
Spinning-disk microscopy
Airyscan

Super-resolution microscopy
Structured illumination microscopy (SIM)
Stimulated emission depletion (STED)

Deconvolution
STORM, PALM




Refractive index (index de refraction)

Refractive index: n \__ Refraction of Light |
is a value calculated from the

ratio of the speed of light in a
vacuum (n=1) to that in a second
medium of greater density.

SI‘IE"'S IaW : ; Incident Angle = 0°

IR i A Sln(el) = Ng; X SIH(BZ) Vacuum Medium 1
Water Medium 2

<]} 0 Less Refracted Anglé = 0.000°

N 1 Dense
“ /’\’/ Medium

High Density
Medium n(i) sin(8i) = n(r) sin(6r)
n 1.00 sin 0° = 1.333 sin(0r)
H20 W R 0.000 = (6r)
Y 0il = 1.515
Choose A Material (RI) Incident Angle: 0° Wavelength: 453 nm
N ar = 1,002 . l—

Adapted from http://www.microscopyu.com




Refractive index (index de refraction)

T in in ordinary glass the refractive index for
T olet light is about one percent greater than
'| that for red light.
II |
| e no; (violet) > ng; ( )> N, (red)

l1 [

|Ill | |

\ JI Focal Plane

- Longitudinal Chromatic Aberration

'WWW.sony.1r '

This effect is termed dispersion and is
responsible for chromatic aberration
In microscope objectives.
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25 mm
—NOiSEDIECE —
Figure 5 Thread Size
ob Ire | ) . —Manufacturer
. a P Objective
A Specifications-
Ol | ' Magnification-
e e N Color Code
Color oring-Loaded:
Code wetractable
ont Lens

Magnification
(grandissement)

Numerical aperture
(Ouverture numérique)

60X NA= 1,4 - objective using oll

Magnification NA

60x 1.40
40x 1.30
40x 0.55
25x% 0.80
4x 0.20

(a)=7" NA=0.12
(b) o = 20° NA = 0.34
(c) o = 60° NA = 0.87

| http://www.microscopyu.com
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Index matching ? Which immersion media for which mounting media?

Objective Class
Magnification
1x/1.25« B
1.6x/2x ]
Magnifjcation;‘ 25x/3.2x I
Numerical Aperture
: 4x/5x [
Immersion
Correction Collar 6.3x/8x B
Confocal Scanning 10%/12.5x
C tion Coll 16x/20x ==
orrection Collar
Corrects for variation in 25x/32x M
coverglass thickness and temperature 40x/50x
63x/80x B
p 4 Immersion 00x 0
E:‘z Water n
0 o y
- e Immersion | :
gn.n & Dry Glycerin [
iy & Water Profondeur de champ : nl

<02 @ 0Oil

0 20 40 60 80 100 Uob m

Objective Magnification

Plus |'ouverture numérique de |'objectif est grande et plus les structures d'intérét de I'échantillon sont profondes, plus il estimportant de faire correspondre les indices de réfraction de I'échantillon et du milieu
d'immersion. Des indices de réfraction différents entrainent des aberrations sphériques et des distorsions géométriques des structures. Cela entraine ensuite une perte de contraste et de définition ainsi que
des structures apparaissant comprimées ou étirées.



Which mounting medium ? : a matter of matching refraction indexes
Slide

Immersmn medla ——

Objective
Immersion Media Refractive Index
0l 1 518
Glycerol 1.46
Silicone oil 1.41
Vacuum 1

Refractive Index

Gel/mount (Biomeda) 1.3641
Methyl salicylate (Sigma) 1.5409
DMSO 1,4836
Prolong 1,47 - 1 52
Mowiol 1.46
Vectashield 1.4577
50% glyceroi/PBS/DABCO 1.4159
PBS 1.34
5% n-propy | gallate/0.0025% p-phenylene 1.4739
gallate (PPD) dissolvcd in glycerol

0.25%-PPD, 0.0025% DABCQO.5% n-propyl 1.4732
gallate dissolved in glycerol

l'e e

L__I

Good matching ©

Glass
coverslip

No matching ®

inscidunt Angls = 8"

ALY L
mw%
.

Organ Tissue

Bad resolution ®

Refractive Index

Fat 1.472
Brain Cerebellum 1.470
Brain \White_matter 1.467
Brain Gray matter 1.395
L iver 1.448
Spleen 1.443
Kidney Cortex 1.444
Kidney Medulla 1.438
Pancreas 1.435
Intestinal wall 1.436
Lung 1.342
Gall bladder wall 1350

Immersion and Mounting meﬁla index should be as close as possible to your sample index
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_\ Coverslip Correction Collars /_

Carl Zeiss™ VERRES DE RECOUVREMENT HP D=0,17MM D=0,17MM

Recommended for applications with high numerical aperture objectives. Carl Zeiss™ Threads —3
come in a box of 100pcs. — VERRES DE RECOUVREMENT HP D=0,17MMD=0,17MM |

72.70€

The optimal thickness for cover glasses is 0.17 millimeters (#1.5), ——

but conventional coverslip varies from 0,13 to 0,16 mm (#1). Collar | Movable
Adjustment — ens

Group

Table 1 - Performance Reduction with Coverslip Thickness Variation

= »— Doubtlet
Numerical o !
0.01 mm Deviation 0.02 mm Deviation
Aperture lal
thiscun —
0.30 none none s :
Hemispherical
Front Lens
0.45 none none
0.70 2 percent 8 percent Cover Glass Correction Thickness Variation
0.16 mm
0.85 19 percent 57 percent
0.95 55 percent

Solution : Compensation for cover glass thickness

Be carefull : can be accomplished by adjusting the mechanical
If the coverslip has a thickness deviation, performance of the tube length of the microscope, or by the utilization
objective can be reduced to 29%. of specialized correction collars

http://www.microscopyu.com



Correction collar (bague de correction)

CORR = Objective with correction collar

The performance of high-resolution objectives is optimal when
the refractive indices of the specimen and all intermediate optical
media match the values for which the objective is designed.

Water and glycerol immersion objectives are very sensitive to
changes in coverglass — introducing a changing thickness of a
medium with refractive index mismatch —temperature, and
deviations of the immersion medium or the sample itself.

e
o
o

NA=0.4

in an
(»]

=

T

NA=0.65

$a
o
T

NA=0.8
NA=0.95

Image of a Foint%hject
X o
- =

Maximum Intensi

0
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Thickness Error of Coverslip

Therefore, immersion objectives with a higher NA have a
correction collar to compensate for those differences.
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Depth of Field and Depth of Focus
ure 1 - Depth of Field Ranges

The axial (or longitudinal) resolving power of an objective, which is measured parallel to the

optical axis and is most often referred to as depth of field. T |
Low NA':
Depth of field is determined by the distance from the nearest object Long
plane in focus to that of the farthest plane also simultaneously in focus. B Depth of
% High NA : W objec: Field
it = oL NI | R " Short Depth ' /Plane
ot =
NA? M- NA
Depth
550nm - 1.515 1.515 08
0.49727 ym = ————————————— 4 ——— . 4 um ie
; 1.40 - 1.40 60.0x - 1.40
Depth of Field
A is the wavelength, Magnification Numerical Aperture Devt?ﬂf)l’iﬂd —_
nis the refractive index s
of the medium . 0.10 55 5 Depth of Field versus Numerical Aperture
: | 10000.0
NA : numerical aperture ‘ o s i
M is obj. magnification : | | §1000.0 s ot
. [+ 1]
e : smallest distance 20x 0.40 5.8 : ® Dry
that can be resolved by g 10001 ¢
detector that is placed ‘ 40x 063 Ho ]
:a : P @ 100 ¢ 4 Figure 2
in the image plane of 60x 0.85 0.40 = e
. 5 4 Ceg
the microscope £ 10 Cog ©
§ ‘ 100x 0.95 0.19 g e %% g
objective. o %
0.1
0.0 0.5 : 1.5 2.0

1.0
Numerical Aperture

Depth of field decreases with hight NA and high magnification

https://www.microscopyu.com/microscopy-basics/depth-of-field-and-depth-of-focus



Working Distance ™

1.44mm *

Magnification Numerical Aperture Working Distance (mm)

2X
4x
10x
20x
40x
40x (oil)
60x
60x (oil)

60x
(Water Immersion)

100x (oil)

100x (NCG oil)

0.10

0.20

0.45

0.75

0.95

1.00

0.95

1.40

1.20

1.40

1.40

NCG = No Cover Glass

8.50
15.70
4.00
0.14
0.16
0.15

0.21
0.22

0.13

DLt

From http://www.microscopyu.com




Objective Working and Parfocal
Distance

Working Distance ™=
144mm ii_—

Flat cells

Choose the objective
adapted to the thickness

of your sample. J

Normal Working Distance

Numerical Working

Manufacturer Correction  Magnification : Distance
Nikon PlanApo 10x 0.45 4.0 mm |
Nikon PlanFluor 20x 0.75 ‘
Nikon PlanFluor (oil) 40x 1.30 0.20 mm
Nikon PlanApo (oil) 60x 1.40 0.21 mm ‘
Nikon PlanApo (oil) 100x 1.40 0.13 mm

\

Objective Working and Parfocal
Distance

Thick organs

Super Long Working Distance

Numerical Working

Designation Magnification Aperture  Distance
ELWD 20x 0.40 11.0 mm
ELWD 50x 0.55 8.7 mm
ELWD 100x 0.80 2.0 mm
SLWD 10x 0.21 20.3 mm
SLWD 20x 0.35
SLWD 50x 0.45 13.8 mm
SLWD 100x 0.73 4.7 mm

http://www.microscopyu.com




Numerical Aperture NA = n ¢ sIn(Q)

(a)ax=7" NA=0.12
(b) ot = 20° NA = 0.34
(c) 0. = 60° NA = 0.87

Figure 1

Alry Disk Alry Disk

Airy Disk
I Intensity I I Intensity T Intensity
Focal Plane Focal Plane
NA.=0.20 NA.=0.81 e KA.
Ol 0O O— =9 D 10
Numerical Aperture Numerical Aperture

Numerical Aperture

NA=0,2 NA = 0,81 NA =1,30
http://www.microscopyu.com



Resolution :

AT 1 A

IS the shortest distance that allow to discriminate 2 dots.

®)

L1l

‘l‘-—

(l)
—1-—-—-!

Resolved points Resolved points Unresolved points
NA=0.7 NA=1.25 NA=1.4 Rayleigh criteria
The more the NAis hight, The more the NA is hight, better is the
the more the airy disc is sharp, resolution :since picks are sharper the

the better is the resolution distance dicreases.



dea samp lﬂg Nyquist criteria :
#
Image pixel size should be twice smaller than resolution

Plein champ

Confocal
A :
IIiI|| ‘:
Resolution latérale  d,, = 0,61 A/ NA dy, =046 A/NA +25%
Résolution axiale  d, =2 A n/NA? d,=14An/NA> +30%

.

Ex: with 63xobj, NA= 1,4 at 488 nm, resolution is dxy= 0,46 x 488 / 1,4 = 160 nm
To fulfill Nyquist criteria you should fix your pixel size at 160 / 2 = 80 nm.

At 647 nm, dxy=212 nm so ideal sampling pixel size would be at 106 nm.



Depth of field (T)

Iris diaphragm objective in widefield microscopy

13 um ~ 0.21 uym

12 . 0.23

. ) L 0.25

- L 0.27

9 - ~ 0.30

g . L 0.34 =

7 L 0.39 E

5 L 0.46 =
o)
Q)

5 - 0.55 e

4 - 0.59

., = - L 092

. L 1.38

1 — - 275

0O 01 02 03 04 05 06 0./ 08 09 10 11 12 13
Aperture (A)

By using iris diaphragm objectives the numerical aperture of the objective can be changed. This is especially useful for widefield microscopy.

When diaphragm is closed: high depth of field but low NA and Resolution
When diaphragm is : short depth of field but high NA and
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Brighield Microscopy, transmitted light

Phennsos | ' Sample illumination is transmitted
Capugﬁra M“""{::tﬁf;}?ft'“' (i.e., illuminated from below and

E& epieces” = observed from above) white light,
el ', ? CCTV Fi 1 and contrast in the sample is caused
- P igure | ple is cau
Intermediate — Port  yertical by attenuation of the transmitted
Tube Port System llluminator . :
- | light in dense areas of the sample.
i Filters,
Fluorescence-—,, Frame )
Cube Turret "\ | C - e Dark sample on a bright
Nosepiece =2 _. | Elrte{r?all baCkgmundT' — —_—
: ectrica ungsten Halogen Lamphouse
Objective :- System Ventilation
Stage lHllumination i
~ Control

System

FIEld ., Tunasten Tungsten
Dla hragm 4— s ﬂ Ha.ﬂ an okl
Lamp :

Base i ~ gl
, ’ Collector

Focusing Lens
Mirror Fleld Kﬂﬂbﬁ To

Ens Mi:rns:npe

Port Ventilation
Housing

https://www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/illumination/
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Brighield Microscopy, transmitted light

Phennsos | ' Sample illumination is transmitted
c?.':,‘ﬁm M'“’“;:tf‘f;}?spt'“’ (i.e., illuminated from below and
E epleces’! i observed from above) white light,
ulars) R ":: Aodih Figure1  and contrast in the sample is caused

Intermediate _ Port  yertjcal by attenuation of the transmitted
Tube Port System llluminator . :
- | light in dense areas of the sample.

| Dark sample on a bright
background.

Fluorescence '.
Cube Turret \

Nosepiece =% Elrte{r?all

~Electrica

Objective -2 System
Stage ’

lHHlumination
Control

System

=

Tungsten

Halogen

Field -
.. .- D“
Lamp
’ d Collector

Focusing Lens
Fleld Knnhﬁ
Lens

Mirror

Wikibook/Bright-field microscopy - Wikipedia.html

https://www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/illumination/



Brighield Microscopy

Dark sample on a bright
background.

Bright-field illumination, sample
contrast comes from absorbance

of light in the sample

Halogen lamp

Field Diaphragm

Aperture condenser diaphragm
Objective

Oculars

Alignment of the optical
components of a microscope
to optimize illumination in
modern microscopes is
carried out following the rules
of Kohler illumination.

[ Outside

Field Diaphragm Aperture Diaphragm lllumination Intensity : 100 %
ke I I

https://www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/illumination/




Phase Constrast Microscopy

A phase contrast microscope is an optical
microscope that converts differences in
refractive indices between two structures
into contrast levels, which result in phase
differences for the light waves passing
through them.

It thus visualizes transparent structures
when their refractive index differs from
that of their neighborhood.

§ e
‘IW‘

FLICKA.COM/PHOTOSEXOTHERMIC, 8

hitps://www.olympus-lifescience.com/en/microscope-resource/primer/techniques/phasecontrast/phase/



Phase Constrast Microscopy

Phase-contrast illumination, sample
contrast comes from interference of
different path lengths of light through
the sample

Developed by the Dutch physicist Frederik Zernike in
the 1930s(Nobel Prize in physics in 1953).

In order to convert a phase difference into an
observable contrast, that is to say a difference in
intensity, interference is formed between the light
rays of the object and a reference ray. We say that we
transform a "phase object" into an "amplitude
object".

This is achieved by means of a circular ring in the
condenser which produces a cone of light. This cone
is superimposed on a ring of similar size in the lens.
The latter reduces the intensity of the direct light and

creates a phase difference of a quarter of a
wavelength.

https:fen.wikipeia.rgf’wiki.-“
File:Paper_Micrograph_FPhase.png

Phase Contrast Light Pathways

Specimen

9— Condenser

|
Annular ==
Ring

Light

From 2
Source Figure 1

hitps://www.olympus-lifescience.com/en/microscope-resource/primer/techniques/phasecontrast/phase/
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Le faisceau diffuse interfere alors avec le faisceau direct ce qui cree le contraste de phase.

Pause (k)

From www.toutestquantique.fr



" Phase Plate - Ring Alignment

lg i

Concentric alignment of the condenser phase plate slits with the phase ring, positioned inside the objective, is of
paramount importance in phase contrast microscopy. This tutorial explores phase plate/ring alighment.

Phase Plate/Ring Alignment

Objective:
Phase Telescope

4 10x  20x
L._.J
Choose A Sample: m

Phase Ring Position Focus  Voltage: 8V

lllumination

* Adjust Focus and Intensity sliders to
achieve the best possible image.

* Use the Phase Ring PositionX and Y
sliders to maximize specimen
contrast.

https://www.olympus-lifescience.com/en/microscope-resource/primer/java/phasecontrast/phasemicroscope/



Luminescence

La luminescence : spontaneous emission of light after being excited

Excitation can result from:
- electromagnétique radiation (photoluminescence)
- chemical reaction (chimioluminescence)

- mecanical stimulation.

FPhotoiuminescence

W

Photoluminescence

Back to basal state:
Emission of lower energy

photon

Photons absorption

One fluorescent molecule (fluorophore or fluorochrome) can absorb light energy (excitation light) and quickly restore
it through fluorescent light (emission light).

Fluorescence

Instaneaous emission

Photoluminescence

Phosphorescence

Reemission prolongee




Lydia DANGLOT

/ (chemical activation)
Luminescence /
—— Luminescence

Light emission
Back to fondamental state

(Activation by light)

Chemiluminescence

C,H,N,0, (luminol) + H,0, = 3-APA + light

Photoluminescence

e

ETTERY. i) Fluorescence
) o 1
3

Instantaneous emission

’ | '?3‘

eagl e : L

{% A i ifuﬁ
P 4

E&* '—q 'T - - ﬁ

Minerals

BODY Painting
£ _:l

Quinine containing beverages (Canadry, schwepps, ...)

Phosphorescence

Longer emission (even in the dark)




La Fluorescence

Fluorescence:

after photon absorption, the fluorophore is
excited and restitutes by emitting photons of

lower energy.

The shift between absorption and fluorescence

emission is called « Stoke shift »

-

Fluorescence intensity

Stoke shift

mission

-

Return to basal state produces fluorescence (from singlet state) or phosphorescence (from a triplet state).

Excited singlet states

S1

Absorption

|

(1015 s)

(10-19-10"7 s)

Fluorescence

Photons
Qa:nssmn

Excited triplet states

Vibrational relaxation |
(‘I{]’12 -10-10 S)

Phosphorescence
(106 -1s)

¥

So

Ground state
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Y, ! Fluorescent

[nm] 400

Alexa Fluor Dye

exa Fluor 350
exa Fluor 405
exa Fluor 430
exa Fluor 488
exa Fluor 532
exa Fluor 546
exa Fluor 535
exa Fluor 568
exa Fluor 594
exa Fluor 633
exa Fluor 647
exa Fluor 660
exa Fluor 680
exa Fluor 700
exa Fluor 750

Wavelength (nm

Fluorophore Absorption Peak (nm) 'Emissiun Peak (nm}'
Aminomethylcoumarin, AMCA 330 | 450
Cyanine, Cy2 | 492 510
Fluorescein, FITC 497 220

Indocarbocyanine, Cy3 550 o970
Tetramethyl Rhodamine, TRITC | 550 | 570
Rhodamine Red-X RRX 590
Texas Red, TR | |

Indodicarbocyanine, Cyo

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A




Roger Tsien (i

His group has developed mutants that start fluorescing faster
than wild type GFP, that are brighter and have different colors
(see below, the E stands for enhanced versions of GFP, m are
monomeric proteins and tdTomato is a head-to-tail dimer).

R Heim, DC Prasher, RY Tsien: Wavelength mutations and posttranslational autoxidation of green
fluorescent protein. Proc. Natl. Acad. Sci. USA 91 (1994) 12501-04.

R Heim, A Cubitt, RY Tsien: Improved green fluorescene. Nature 373 (1995) 663-64.

M Ormo, AB Cubitt, K Kallio, LA Gross, RY Tsien, SJ Remington: Crystal structure of the Aequorea victoria
green fluorescent protein. Science 273 (1996) 1392-95.

ailil

d483
d403
d453
LD

Ma

Adapted after , Marc Zimmer, University of Connecticut.



Main Goal

-> To cover imaging from whole organism to tissular, cellular and molecular levels

Mouse brain # A W i Structured

lllumination
Microscopy

Tissue : brain slices

CONFOCAL
Videomicroscopy x |
Spinning disc _ Neurnns Synaptic molecules

mm 100 um 10 um 1um 100 nm 10 nm 1nm

cm
W - — Ll.lli | l_I.LiII_L | Il.llll. | |LIIII. | lllllll L |HIL]II. l IIIHJ.I | llllllIL

— U I A

&3 ¢
Plant : T;:«,,, s %‘3
And %N ; i)'p s %
Animal QPO W Fluorescent
cells Organels proteins Lipids
Fish ._ o
egg N @ .
0° % > &

Proteins
Most bacteria Small molecules



Fluorescence Microscope

Digital
: Camera
Epi-Fluorescence Systems
Microscope
Epi-Fluorescence
Lamphouse
Observation

Tubes

Eyepiece
Filter —=23
Turret A

UV Shield

Objective — I} . =—Microscope
) E} = 9 LIS Contro

Stage— St e B Circuit
- }"@J Board
Condenser—5= o1 TR
Field :
Diaphragm=—ye 1
" =
Base —

L]
] = e

R =l Tungsten-

Collector Halogen
Filters Lens Lamphouse

Figure 1

http:// www.microscopyu.com

Dichroic filter

Fluorescence Emission
Fluorescence

Filters
Barrier
(Emission) Threaded
Filter Retaining
Ring
Dichromatic
(Beamsplitter) Incoming
Mirror Light Waves
Optical Block .
(Filter Cube) Excitation Filter



""Dichroic Filter anatomy

Alexa 488
Stoke shift
Py
z A
=
g
£
D
O
=
@
Q
w
m 2
E =mMission
-
TH 5.
Camera
Emission IE}I:;:;:atmn
Filter ]
Di_chrn'l'c Light
- source
1

Fluorescence Emission

Fluorescence
Filters
Barrier
(Emission) Threaded
Filter Retaining
Ring

Dichromatic

incomi
tm.m:“ il Light WI'EEI
: Figure 2
ﬂPlInll Block
(Filter Cube) Excitation Filter

http://www.microscopyu.com
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... ces fluorophores emettent par fluorescence de la lumiere
avec une autre longueur d'onde (ici dans le vert).
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Matthieu
- Piel
. Blologiste cellulaire

“% Directeur de recherche au CNRS

(K}

* . Chef d'equipe a I'Institut Curie et
a l'Institut Pierre Gilles de Gennes
pour la Microfluidique

Paris
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Jicroscopy

Hawa-Racine Thiam, Pablo Vargas, Nicolas Carpi, Carolina Lage Crespo, Matthew Raab, Emmanuel Terriac, Megan C King, Jordan Jacobelli,
Arthur S Alberts, Theresia Stradal, Ana-Maria Lennon-Dumenil, Matthieu Piel (2016 Mar 16) Perinuclear Arp2/3-driven actin

polymerization enables nuclear deformation to facilitate cell migration through complex environments.
Nature communications : 10997 : DOI : 10.1038/ncomms10997

Migratio trough constrictions Phase contrast Epifluorescence
W=2um DC;, W=2um

—— T

~Membranes < Macropinosomes Nucleolus

DC; L=15um; W=2pum; d=7 um

o ——————

WORPET cell expressing NLS-GFP
in constriction L=15 ym W= 1.5 ym

.00 NLS

20 min




" Fluorescent Light source

s

a5

: e
i il Laser lllumination Source Emission Spectra
Arc Lamps
Krypton Emission Spectrum
~
-+
- oo
g “
o - - E
Mercury Arc Lamp UV and Visible Emission Spectrum s Eﬁa 3 1 E
| O | -
: :
§ E 2} | Argon Emission Spectrum
= 1 £
L=
- Mercury Arc Lamp (HBO) =
= o
: |
3 (| 0
: | Il i
I Y . ] Ll 300 400 500 600 700 800
‘ - L Wavelength (Nanometers)
' 100 500 60C 700 800
Wavelength (Nanometers)
Figure 8

https://www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/illumination/



" Microfluidic . Ly oI EANSUEDT pro 1‘5’5‘— Lydia

Image anatomy

matrix, histogram, bit depth and RGB colors
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Pictures are composed of pixels

Each pixel has an intensity
Bright : 255
Black : 0




Number of pixels in Y axis

Pictures are composed of pixels

> Number of pixels in X axis

Lydia DANGLOT

/ 2D
Y | " MATRIX

Picture size (matrix) is corresponding to the
number of pixelsin Xand Y

ex: 1024 pixels x 1024 pixels
Pictures of 1 048 656 pixels

le 1,048 Mega pixels
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Pictures are composed of pixels

Numbers corespond to fluorescence
intensity
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* Histogram : how to visualize intensity dynamics

# of pixels

14 pixels have a grey value of 4.

Number of pixels

Intensity

>

Histogram displays the intensity distributionof black, grey and white pixels.
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Dynamic must be adjusted:

* By increasing exposure time
* By increasing light power

Under exposed Good Dynamic Over exposed
Only hald of the grey level dynamics is Expose enough time so the maximum Sgturated picture: the hight value
used : loss of sensitivity. intensity is just below saturation. pixels have all the same value and

can not be discriminated anymore.
You loose information. PROHIBITED



 Black and white dynamics :

8—bit 16—bit  32-bit?
Bit: fondamental unit of storage of your computer
Binary : O or 1.

Conventional used dynamics :

8 bits pictures : can store 2° =256 grey leve
12 bits pictures : can store 212 =4096 grey leve
16 bits pictures : can store 26 =65536 grey leve

1 -

bit Image 1 bits: can store 21=7
2 .

i Image 2 bits: can store 22 =4
3 -

bits Image 3 bits: can store 23 =8
4

bits Image 4 bits: can store 24 =16

grey levels (black or white)

grey levels

grey levels

grey levels

from O to 255

from 0 to 4 095
from O to 65 536

16 bits pictures, can store more grey levels so give access to finest differences.



e
1. Picture format

'+ Online Acquisition
= Acquisition Mode v Showal [¥

« Confocal ZEISS (710 ou 780)

Objective

Objective Plan-Apochromat 40x/1.3 Oil DIC M27 .

Scan Mode Frame

Frame Size X 1024

ih

X*Y To1024 (S Matrix size (1024 x 1024 pixels)
Line Step 1 o Optimal

Speed : 9 ': Max

Pixel Dwell 0.79 psec Scan Time 1.94 sec

Averaging

Number 2 v Bit Depth @ Bt v

Mode Line - Direction A, - » Scan Area

Method Mean * ComX oopr = Image Size: 1{1&._{] pmx 108.0 pm

Corr Y Pixel Size:  0.11 ym

.o 0.0 v
[ 0.0 <ol .
. an) | 0.0 . 8
Zoom | 20 - N

Reset All



« Confocal Leica (SP5))

e LAS AF Series005 x=1024 y=1024 z=26 (54.5 MB)

w | File Halp

Lydia DANGLOT

Confipurataan iy Process

Experiments Acquisition

Q0

emo O @D O

r Acquisition Mode: xyz

XY: 1024 2 10end00miiad | 156 27 pm,* 156.27 pm f;:g

15276 nm * 152.76 mm
*167.B5 nm

Pumal Suza

Line Average

Frame Average ;

Ratatian

, "y

l{_ Z-5Stack: 4.196 pm 26 staps

Sequential Scan

_Load/Save single setting q;‘*
Taille de la matrice | gm
= (1024 x 1024 pixels) | = a2
(" ROI Sean Q
ObjECtif !j ROI !j Bleach Point

Beam Path Sattings

(40x NA=1,25)

XY: ST 512 1400 Hz | 11246.03 yum * 246.08 pm

- 1

Format 512x 512 —
Suoed - 16x1b6
64 x 64
/ 128x 128
0 Zoomface

8.0 TR RS I fa MR

256 x 256
512 x 32

|
=
|

7]

Speciman

Image Sizi

1024 x 256
1024 x 512

Pixal Siza
Additional Channels

Line Avere

!J Bidirectional X

y pm

i

<HOR>
[2v/|£Y]

156.27 pm * 156.27 pm
152,76 nm * 15276 nm

Image Siza

Pixal Size :

“16/.85 nm

D XD
D

2048 x 2048
4096 x
8192 x 8192

E

Frame Ave

Accumula

D




Microfluidics 2019 — Introduction to microscopy

« Confocal Leica (SP5)

Bit depth (16 bits)
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« Colorimage dynamics :

Channel 1: RED B | nc /
Channel 2 : GREEN | 4
o Channel 3:Blue
0 256 N A
RGB color image : 0 256
e 24 bits: 3 chanels: 0 256

Red channel = 256 values Channel n:cyan
Green channel = 256 values —

Blue channel = 256 values
256 x 256 x 256 = 216=16 777 216 ie 16 millions colors

32 bits: 3 channels + transparency
Red channel = 256 values
Green channel = 256 values
Blue channel = 256 values
Alpha channel = 256 valeurs (transparency)
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 Visulaisation of pictures with RGB colors :

R
- 3C
Screens use 3 color channels (Red, Green, Blue, RGB) ,,,f-*_""_? B
Each color is coded in 8 bits (256). _{/—fﬁ

One image is always converted in a display space (16 millions color).
Our eyes are sensitive only to 100 000 tints ...

.;"

a
L’
—
f
"
%
'] '
L d 3
L' .
e
i

a;

"
n i’ w

"

i
L]

LUT : Black & white Red gradient LUT : « JET »: LUT : « GLOW O & U » :
More sensitive on Green: black pixels
green Blue: saturating pixels



" Microscopie et Analyse d’images quantitative en Neurosciences

* Les piles d’images ou stack ou multi -tif:

—_— X X
Image classique
1 canal Pile d'imageen Z:

stack 3D au confocal

Pile de 3 Canaux RVB :
multi canal

Bile d image en t:

"' Succession d’image au cours du temps : film

Pile d’image en Z et au cours du
temps: stack 4D

Pile d’image en Z, au cours du
temps et multi canal: stack 5D
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 Image stack or multi -tif:

® M O mri-stack.tif (150%)
1727 18bx220 pixels: B-bit; 1.1MB

Bleu-16bits.tit (50%) - ﬁ X

BY9bx520 pixels; 1b=bit; /07K

2D

M O @ Rat_Hippocampal_Neuron.tif (75%)
1/5; 81.92x81.92 ym (512x512); 1e-bit; 2.5MB

channel

[— - —Z 15—




Colorimetric spaces |

Additive synthesis Substractive synthesis

Based on color addition Based on pigment absorption

RGB / RVB ~ CMYK/CMIN

Magenta

Black

« RGB: addition of colors leads to the white.

« CMYK: mixture of colors leads to black.



Colorimetric spaces |

Additive synthesis Substractive synthesis
Based on color addition Based on pigment absorption
RGB /RVB CMYK / CMJN

screens/ projectors Press - printers

Light




Colorimetric spaces |

RGB / RVB CMYK / CMIJN

screens/ projectors Press - printers

RGB Range

abuey MAWD

Espace RVB
Espace CMJN

« RGB describes a larger portion of color space than does CMYK

« That the reason why it’ s hard to convert RGB to CMYK



L J
‘ -
-

Colorimetric spaces <

Practical computing for biologists

RVE CMIJN CMYK
Coated paper Uncotaed paper
(screen)
(journal) (laser printer)

« RGB space is larger and contain more colors than CMYK.

« Oceanographic datas are lost with CMYK space.



Resolution and image size

Les images pixéllisées sont faites d’une grille de pixels colorisés.
Pixel Dimension en Pixel : number of pixel of the matrix for example 800 x 600 pixels.

Physical size : this is image size on a printed paper, for example 21 cm x 29,7 cm.

Resolution: this is pixel size, expressed as pixel number by unt of physical size, usally named dots per inch (DPI) ou pixel
per inch (PPI).

_!__Mnshup Fichier Edition Image Calque Seélection Filtre Analyse 3D Affichage Fenétre Aide
. L0 Ev Lo - | i L® " | 1r ]i['
ﬁﬂ | h,"“-;l | |;_l-| H.||.l“r;| || HHIM‘Mil |[p-i:|-|l||'pnm a|{_ Image Ler plan ::Ili Effacar _}|

Sans titre=1 @ 100% (Calque 1, RVE/8) * y“-lpﬂt

Sans titre- 1 @ 100% (Calque 1, RVE/8) * X s

i I | |
i 0 O e O e O O

§ts - Chap 17

{ & dimensions

| pixels.
| X and Y axes of the image

Dimensions de pixel : 424,1 Ko E oK 3 |
Largeur : 401 pixels f: P T— |
y - -
Hauteur : 361 pixels [ e “ P]x E’ size
J
— Taille du document :
Doc 424, Koi4241 Ko largeur:[508 | [em 1R Physical size
Hauteur : |4i53 | | em "’H ]i
Résolution : 200 | | pixels/pouce 1] i
Resolution
Mettre les styles a I'échelle
v Conserver les proportions
_| Rééchantillonnage :

o M pGhplir=m(poEiu S NE V7

Bicubique {adapté aux dégradés lisses)

Bicubique ( R — Parameters are all linked




Microfluidics 2019 - Introduction to microscopy

Resolution and image size

Same physical size

Lower pixels

SAcHp D R pe I RBAS

N

©

~— Dimensions de pixel : 468,8 Ko C ok ) — Dimensions de pixel : 29,3 Ko ok ) Lower resolution
Largeur : 400 _pixels |5 ]ﬂ { Annuler ) Largeur : 100 pixels ( Annuler )
Hauteur : 400 [pi!l!ls H ( r— ) Hauteur : 100 pixels ( r— ) PixE‘”iSEd piL‘tUl‘E

— Taille du document : — Taille du document :
Largeur : |5,08 “em :Iﬁ Largeur : 5,08 em -+
Hauteur : |5,08 cm e Hauteur : |5,08 " em HA ]ﬂ

Résolution : [200 | pixels/pouce 4] Résolution : |50 ' pixels/pouce |4

W Mettre les styles a I'échelle . __ Mettre les styles a I'échelle

Ef.unseruer les proportions V' Conserver les proportions

M Rééchantillonnage : |_ Rééchantillonnage

[ Bicubique (adapté aux dégradés lisses) “ ' Bicubique (adapté aux dégradés lisses) v




Confocal microcopy
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Pinhole

b'i
Detector
(PMT) : e B |
, g e l l - l @ ﬂ
£ ’ Detectlun et — \ I. i 1 o -"~.H "..".'l.'u.. -

http://www.leica-microsystems.com

LASER

Excitation

B
eam Pinhole Widefield image . Confocal image

splitter

Objective
lens

out of focus

A rocal piane From LASER SCANNING CONFOCAL MICROSCOPY
Slide Nathan S. Claxton, Thomas J. Fellers, and Michael W. Davidson http://

www.olympusfluowiew.com
© L. Danglot 2008 e



Confocal Microscope
https://toutestquantique.fr/fluorescent-et-confocal/

& ~e

Un traitement informatique permet finalement de reconstituer I'image en volume.




@ UV Laser

@ IR Laser

(3) Visible range Laser s)
(® uvAoTE

(5) IREOM

(& Visible range AOTF
(1) UV adaptation optics
UV excitation pinhole

6:prism

7:PMT

2:pinhole
(excitation)

|
...I'||',r L;]Sﬁr

1

4

1:Laser

J
£y

¥~
r 4

(® IRexcitation pinhole (@) Analyzer wheel

VIS excitation pinhole spectrophotometer prism
@ Primary beam splitter Photomultiplier channel 1
@ Adjustable pupil llumination Photomultiplier channel 2
@ "K"-Scanner with rotator @ Photomultiplier channel 3
Microscope & objective @ Phatomultiplier channel 4

@ Transmitted light detector @ External optical port
Confocal detection pinhole

5:pinhole (detection)

Confocal: the 2 pinholes are
conjugated on the same

focal plane.

CLCA

http://www.leica-microsystems.com
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Tile imaging modalities

* The inhomogeneity of the picture reveal grids on the picture.
* This artifact can be supressed by zooming on the center of the image (1,6 x)



Tile imaging modalities
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The same field of view aquired at 93x impose far much more pictures.
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72 Z planes
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One plane of a stack of 72 confocal planes

. 1

“
72 Z planes
s oy N
» i ~
: .
‘* .
b
.
" _ *}'z
i
it 20pm,
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.. . 3Dreconstruction of the entire stack
2 ' &H,_::.*
L as Ww |
R %
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Imaging thick sample :
Acquisition on a 500 microns slices
mounted within the slide

Confocal with laser

. Confocal with CLARITY
compensation
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Spinning disc microscopy



Spineng Durk -

Yokogawa Spinning Disk Unit Optical Configuration 3: Sp Tala |ng disc
Shaped and Collimated — -
Laser lllumination Monochrome

Microlens CCD Camera

Lens Array
DIEE . :'-":--:.-':-'.-_..'_-....-_":.' .-_.—" il .'_-"..- _- = 5 _‘. -

' ' Dichromatic Lens
Pinhole Beamsplitter

(Nipkow)
Ifls: P"i,'i, :;e Excitation

Figure 1

http://zeiss-campus.magnet.fsu.edu/ _ o
tutorials/spinningdisk/yokogawa/ 2: Dichroic filter
indexflash.html| weel

http://www.leica-microsystems.com

1: excitation filter weel 4: emission filter weel



Fast confocal microscope : « spinning disc »

Yokogawa Spinning Disk 3 Spinning diSC

Light Direction

Disk Speed

I Fibroblast Cell e

http: /S zeiss.magnet.fsu.eduftutorials/spinningdisk/vokogawa/indexflash.html

2: Dichroic filter
weel

http://www.leica-microsystems.com

1: excitation filter weel 4: emission filter weel
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ast confocal microscope : « spinning

E}HE&Fiashd 0 V2 (2088 % 2048)

AN
AT

‘L'v.".'\".‘.';".“\l
ALY

. FEM-CCBHs12 x 512)

Tubulin-GFP

Organel tracking (vesicles) with along time Organel tracking (vesicles) with in 3D



Lydia DANGLOT

Multiple imaging modalities

Live biological samples

Leica
Spinning-disk
Yokogawa CSU X1

8ms/image

. St _

_——

Blood flow
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Airyscan techr

excitation

Confocal mode * e
- pinhole GaAsP DL - y
E — J Article
(a ) N = 'J \ Exploring the Potential of Airyscan Microscopy for
22 “luorescence | | ' _ Live Cell Imaging
I / R Kseniva Korobchevskava ', B Christofier Lagerholm 2, Huw Colin-York ¥ 12 and
Marco Fritzsche L%®
lens lens?2

Aifyscan mode

objective

From https://www.zeiss.fr/microscopie/produits/
confocal-microscopes/lsm-800-with-
airyscan.html#trajet-du-faisceau




B conf 1 AU
AS Chan1i

1 AS sum

B AF5.9
AF6.5

B AF7

B AF8

B AFS

Lydia DANGLOT

Widefield

http://argolight.com/products/argo-sim/

E photonics MDPI

E:{[ﬁlﬂring the Potential of Airyscan Microscopy for
Live Cell Imaging

Kseniya Korobchevskaya ', B. Christoffer Lagerholm 2, Huw Colin-York * ) and

T b . i b
» "I I-l'

L




400

330

300

nm)

o S

250

FWHM

150

100

Lydia DANGLOT ~ "A |
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photonics MDPI

Artrcle

Exploring the Potential of Airyscan Microscopy for
Live Cell Imaging

Kseniva Korobchevskava !, B. Chrisioiier |.|.L:-.l|hll||'|l "_ Huw Colin-York * and

Marco Fritesche %%*

[ ]
. J
[ |
"
[
n
m Airyscan ‘ [
confocal 0.2 AU »
1 4 e 1 i A1 i T
4 - & I 8

Airyscan filter strength



Fast Mode

Fast mode

Hlumination Detection

x=y=1.25 AU
Element ~ 0.2 AU

nm

x=0.9 AU
y=1.6 AU
Element ~ 0.3 AU

nm

From http://crl.berkeley.edu/2016/06/14/the-fast-module-for-zeiss-
Ism-880-airyscan-is-here/



Zeiss fast Airyscan for live cell imaging

About array-detector confocal systems

Within array-detector confocal systems, an array of multiple detectors replaces the conventional pinhole and single detector typical for a regular
confocal system. Each individual detector acts as a small pinhole, where all but the central detector are slightly displaced with respect to the original
pinhole center. The signal from each detector is used to build up an image, and each image is a slightly shifted version of the central detector image.
The total (summed) signal collected by all detectors is comparable to that of a single large pinhole in ‘classic' confocal. Consequently, an array-detector

system has the advantage of combining the benefit of high-signal of a large pinhole confocal system with the high- resolution aspect of a small pinhole
confocal system.

Airyscan Airyscan Airyscan
super-resolution virtual pinhole Fast Mode SPAD25 SPAD23
32 detectors 1-32 detectors 16 detectors 25 SPAD detectors 23 SPAD detectors

The Huygens Array Detector Optical Option allows you to obtain high resolution and contrast from array detector data, such as that acquired on a
Zeiss® Airyscan system. The Airyscan microscope can be used in 4 modes, and Huygens now offers high quality deconvolution for each single mode:

¢ Standard mode: this is the conventional confocal mode of the Airyscan. For Huygens deconvolution you can use the Confocal Optical Option in
Huygens setting the pinhole size at the size of the pinhole used during acquisition.

¢ Virtual pinhole mode: in this mode you can decide for the size of the pinhole in post-processing. For Huygens deconvolution you can use the
Confocal Optical Option in Huygens setting the pinhole size at the size of the pinhole decided in post-processing.

e Super Resolution mode: these datasets include all 32-detector images. The Array-detector confocal option in Huygens includes various modes
to intelligently combine the information from these 32-detector datasets and deconvolve data acquired in Airyscan super-resolution mode.

e Fast mode: this mode uses elongated laser excitation in combination with 16 detectors (the central 3 'vertical' detector columns). The fast mode
allows for the acquisition of 4 lines simultaneously, thereby speeding up the image acquisition with a factor of 4. The Array-detector confocal
option in Huygens includes a special Fast Airyscan mode to optimally process the 16-detector datasets from Fast Airyscan.

Adapted from https://svi.nl/Array-Detector



Widefield

From widefield to SIM

Confocal

Airyscan

Lydia DANGLOT

Y

r ‘ | ¥ " 4 l. r "
| » 5 ) , 4 :
[} ' ‘
‘ ‘ . ) . : ‘_
Resolutio
(nm)
around 350 around 200 up to 140 up to 120
ZEISS LSM880
ZEISS LSM880
LEICA SP5, SP8 ZEISS LSM880 ZEISS LSM880

LEICA SP5, SP8

Spinning-disk




Super resolution microscopy
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Resolution:

* Recalage
* PSF, deconvolution

A guide to super-resolution fluorescence microscopy.
Schermelleh L!, Heintzmann R, Leonhardt H. JCB
J Cell Biol. 2010 Jul 26; 190(2): 165-175.

Wide-field

PALM/STORM

Wide-field TIRF

-

® :,ﬂ ?
/1 /
/

Yy 7




L

Resolution:

Recalage
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Breaking the Resolution Limit in Light Microscopy

4 Rainer Heintzmann®*, 1, Gabriella Ficzt, 2
Methods in Cell Biology
Volume 114, 2013, Pages 525-544
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FIGURE 22.1

The point spread function (PSF). Two PSFs are shown, one for high numerical aperture (NA =
1.3 in gray) and one for NA = 0.3 (slightly transparent shades). As can be seen, the low-NA
PSF is wide and has well-defined positions of zero intensity, leading to the definition of the
Rayleigh limit. For this, PSF also the definition of full width measured at half the maximum
(FWHM) is shown. The high-NA PSF (uniformly gray peak in the middle) is much finer but
does not have the rings of zero intensity.
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Figure 1. Super-resolution imaging prin-
ciples. (A) In SIM the sample plane is excited
by a nonuniform widefield illumination. Laser
light passes through an optical grating, which
generates a stripe-shaped sinusoidal interfer-
ence pattern. This combines with the sample
information originating from structures below
the diffraction limit to generate moiré fringes.
The image detected by the CCD camera thus
contains high spatial frequency sample infor
mation shifted to a lower spatial frequency
band that is fransmitied through the objeclive.
A mathematical reconstruction allows, from a
series of 15 raw images per slice, to recon-
struct a high-resolution image with doubled
resolution in xy compared with wide-field
resolution. In 3D-SIM additional doubling in
the axial resolution is achieved by accounting
tor an additional modulation introduced along
the axial direction. (B) In STED microscopy the
focal plane is scanned with two overlapping
laser beams, typically being pulsed with a mu-
tual time delay. While the first laser excites the
Huorophores, the second longer wavelength
laser drives the fluorophores back to the ground
state by the process of stimulated emission.
A phase plate in the light path of the deple-
tion laser generates a donutshaped energy
distribution, leaving only a small volume from
which light can be emitted that is then being
detected. Thus, the PSF is shaped to a volume
smaller than the diffraction limit. (C) Single mok
ecule localization microscopy assures that only
a relatively low number of fluorophores are in
the emitting (active) state. This is achieved

either by photoactivation, photoswitching, triplet state shelving, or blinking. These molecules are detected on the CCD camera as diffraction-limited spots,
whose lateral position is determined with very high accuracy by a fit. Single molecule positions from several thousand raw images, each with a different
subset of emitters, are then used to generate a density map featuring several hundred thousand single molecule positions within the plane of focus.
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A guide to super-resolution fluorescence microscopy.
Heintzmann R, Leonhardt H.

J Cell Biol. 2010 Jul 26; 190(2): 165-175.
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CLSM

A guide to super-resolution fluorescence microscopy.

Schermelleh L?,

STED

CW-STED

Heintzmann R, Leonhardt H.
J Cell Biol. 2010 Jul 26; 190(2): 165-175.
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Figure 2. Resolvable volumes obtained with current commercial super-resolution microscopes. A schematic 3D representation of focal volumes is shown
for the indicated emission maxima. The approximate lateral (x,y) and axial (z) resolution and resolvable volumes are listed. Note that STED/CW-STED and
3D-SIM can reach up to 20 pm into the sample, whereas PALM/STORM is usually confined to the evanescent wave field near the sample bottom. It should
be noted that deconvolution approaches can further improve STED resolution. For comparison the “focal volume” for PALM/STORM was estimated based
on the localization precision in combination with the z-range of TIRF. These indications do not necessarily constitute actual resolution as many other effects

le.g., fluorophore orientation, local refractive index variations, flatfield quality of the camera, local aberrations, and statistical selection bias) influence
image quality and final resolution.
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The sample is illuminated through a grid pattern.
Camera
Translating
gﬂi:
! Interference between illumination
1 pattern and the structure pattern
] produces a third characteristic, the
o i Moiré fringes.
lllumination |
I
C 5 pheses for sech z-ee: S0 | From D. Agard, iBiology.org

Sample

Sample

Nature Methods 8, 811-819 (2011)



Superesolution : Structured lllumination Microscopy (SIM)

Translating 1
grid x

—

lllumination

::_i-q."

C 5 phases for each z-section ﬂ

'

3 image stacks at 3 angles

Sample

Nature Methods 8, 811-819 (2011)

The sample is illuminated through a grid pattern.

Interference between illumination

pattern and the structure pattern fringes.
E:G.dlﬁjfs a third characteristic, the \\‘\\\\ \
oire fringes. \\ ‘\
\\ \
\ N

From D. Agard, iBiology.org

The Moiré fringes have a lower spatial frequency than the
original structure of the sample and thus can be transmitted

through the objective lens and can have their image.

To have a gain of isotropic resolution :

- 3 differents orientations of the grid and

- 5 differenst phases of the illumination pattern.

Original image is then reconstructed using Fourrier transform.

Resolution SIM : 100 nm (vs 200 nm with Confocal)



,l
j

10 pm

FIEUre 1 5 CO1Or aiivi Iimage o1 receplors 11 a4 neuron




. J .
F e %
» ¢ A L & e - _
- v e rd L e g «
}l - LY ) . - - - o o ’ ."I‘ L - -
’ : w s \‘ N ;"-:;t : ] - k .
\ a5 = i { \ r‘-’."'l "ﬂ Y Iq.:. » .’ -..‘ # .I*' . ' ] r 4
™ ; * ! .' o - 4. . ;B 3 '..F T ™ — r L .
| . L et ®
% . . i
@ . . - - . >~ 'l b
ﬂ‘ L] ~ " .-'J', |l_ 3 s - . .' ’ 2 . o L "' g Jﬁ“ . .f: " F 1‘-‘
. v . S, § " Sage " . . VBT, -
. 1 P | y RS S : L3 ) - *'. ol -4 ol ! - i
¢ RE o i g ., e ! > 7y q_._ -&__ ¥ .'- a 4 . . N : .
-_. [ i - ‘ +I‘ ‘ . h.-‘. . ¥ ] " i - ou A ': 7 = ' L : - ' . ¥
SIW.microscopy : . "~. N 2y o pah ,
- - -j. . i, ._ -.'r_-: " ." "‘“:F '.1l-|.h . e " Rl LA & -




Wldefleld m

U'

ut:roscopy
'O;n.

P
. %

-. L]
e B

P . |

Increased signal to noise ration

.

. @ SMmicroscopy

o T, St

Widefield

- _.r;_



The Royasl Sewedmh Academy ol Soiences hus
decided e award the Mokl Prire in Chemesiry

) VETENSKAPS o 201 1 Eri Betig, Statan W, Hel 1
AKADEMIEN S Howiaet o ot dvsdcpmmt

T BAL SWLDSN ACADE WY OF LOHMCES

Their microscopes

The Nobel Prize 2014 in Chemistry

crossed the threshold. . -

Optical microscopy had long been hindered by a presumed limitation: that
it was impossible to achieve a resolution better than half the wavelength of
light. Eric Betzig, Stefan W. Hell and William E. Moerner are awarded the
2014 Mobel Prize in Chemistry for ingeniously bypassing this limitation.
Their revolutionary work has taken optical microscopy to nano dimensions.

The principle of STED micrescopy
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STED details — spectrum V4
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20 nm beads

Source: MPI for biophysical chemistry, Géttingen
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STAR RED
STAR 635P
STAR 635
Atto 647N

Atto 633

SIiR

561

STAR 580
STAR 600
Alexa 594
Atto 594
Atto 590
Cy3

Live 580
Atto 590

48

STAR 488
Alexa 488
Oregon Green
Atto 488

FITC
STAR470SXP
STAR520 SXP

GFP
YFP

DAPI
Hoechst33258
Alexa 405

CFP
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Widefield microscopy After deconvolution

http://www.biology.wustl.edu/imaging-facility/images/deconbeforeatfter.jpg
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Resolution:

* Recalage
* PSF, déconvolution

g
P

Convolution
Object

- / In]age

Deconvolution

Point Spread Function ou Fonction d'etalement du point : réponse du systeme optique a une source
ponctuelle. Les abérations du systeme conduise a un étalement de I'image du point.
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Deconvolve

The deconvolution method receives the 1st prize of ISBI 3D

Microscopy Challenge Resolution:

* Recalage
* PSF, déconvolution

.

The deconvolution method proposed by F. Soulez receives the 18t prize of "3D
Microscopy Deconvolution Challenge" that took place during ISBI 2013.

Lateral section

axial section

( optical axis

Data Deconvolution

Lateral and axial cross-section of the simulated 3D micrograph used in the challenge (left)
and corresponding deconvolution (right).
The deconvolution result show a strong improvement both in term of resolution and signal to

noise ratio.
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Aquiring a PSF: Resolution:

* Recalage
* PSF, déconvolution

https://
www.thermofisher.com/fr/fr/
home/technical-resources/
research-tools/image-gallery/
image-gallery-
detail.altid.g001048.html
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Principle : to image on punctual object
(a bead) whose diameter is lower than
the resolution of the system used to
image.
Ex: TetraSpeck™ Microspheres,
0.1 um, fluorescent

4 wavelength
350/440 nm (blue),

505/515 nm (green),
575/585 nm (orange)

655/685 nm (dark red)

@ v OO zoom: 163% O B (4

5 size

0.1 um (T7279)
0.2 um (T7280]

0.5 um (T7281]

1.0 um (T7282,
4.0 um (T7283]

Z 63 TO




Deconvolution

Confocal image

STED image




Confocal image

Deconvolved
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Deconvolved
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SUPER-RESOLUTION TECHNIQUES

CLSM STED CW-STED 3D-SIM PALM/STORM
~hem [nm] 460-670 670 520 620 520 460 670 520

74 (PSF)
i | (PSF, reconstructed)

‘ :
i T (Localization precision)
-

Not optimal

Not recommended

Dye/probe consideration

Sample preparation

Heavy post-processing

SIM STED PALM STORM
Typical res. XY 100 nm 50 — 80 nm 20 -50 nm 20-50 nm
Typiealires.z 200-250nm | 150-300nm | 50-100nm | >° ”:‘n: L0
Probe e e -
availability Specific Specific Specific
!\nult!-cnlur 4-color 2- to 3-color 1- to 2-color 2-to 3-color
imaging
Live-cell Single Particle
imaging Tracking

. Leica SP8 — .

3D Zeiss LSM880 STED 3Dx Zeiss LSM&80 Bruker Vutara




Stochastic Optical Reconstruction Microscopy

PROBLEM SOLUTION
1
Pixel o
Data AN
A () +
-l IS .
ﬂ A\ +
e - ||
Data Point
Molecules Stochastic activation of individual molecules Fitti s , : Reconstructed
are to close 10 000 to 30 000 images !! itting position to gaussian function Super-resolution
to close to image from localization

be resolved

Modified from B. Huang, H. Babcock, X. Zhuang, “"Breaking the diffraction barrier: super-resolution imaging of cells”, Cell, 143, 1047-1058 (2010)
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Conventional wide-field

dSTORM

Figure 2 : Conventional microscopy and dSTORM image of actin
filaments.

— Widely used for imaging cytoskeleton

—> Or to localized individual molecule
within clusters

| FRANCEBlOIMAG|NG Figure 3 : dSTORM image of Glutamate

receptor on a dendrite.




' rare
STORM : how to get them blink as a christmass tree ? '
High laser
power
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STORM : how to get them blink as a christmass tree ?

5OLUTION

g + -

ﬂ 6 ON STATE OFF STATE

4 N N

Stochastic activation of individual molecule
10 000 to 30 000 images !!

=X Em U
640 nm 680 nm
“\N\/> “\\/> Dark State
(reduced)

Oxidation
Trolox (TQ), UV, O,

e

SO
TQ: Trolox-Quinone, Tx: Trolox

Oxidized dyes are no longer fluorescent

Needs a buffer with reducing agents (BME, MEA) and oxygen
scavenger systems (Glc + Oxydase+ Catalase)

Olivier, N., Keller, D., Gonczy, P., and Manley, 5. (2013). Resolution Doubling in 3D-
STORM Imaging through Improved Buffers. PLoS ONE 8, e69004.



STORM : how to get them blink as a christmass tree ?

SOLUTION

o 8 a+ +

Cells on Coverslip : thickness 170 um for super-resolution
#1.5

o

Stochastic activation of individual molecules
10 000 to 30 000 images !!

Cells upside

«F W W down
Blinking buffer

N

Slide with a hole

Needs a buffer with reducing agents (BME, MEA) and oxygen
scavenger systems (Glc + Oxydase+ Catalase)

Olivier, N., Keller, D., Gonczy, P., and Manley, 5. (2013). Resolution Doubling in 3D-
STORM Imaging through Improved Buffers. PLoS ONE 8, e69004.
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STORM : how to get them blink as a christmass tree ?

o

+

o

+

o

Stochastic activation of individual molecules
10 000 to 30 000 images !!

Sealing with
Dental pasta

Cells on Coverslip : thickness 170 um for super-resolution

#1.5

Cells upside
down

O

e

Blinking buffer
Needs a buffer with reducing agents (BME, MEA) and oxygen
scavenger systems (Glc + Oxydase+ Catalase)

Slide with a hole

Olivier, N., Keller, D., Gonczy, P., and Manley, 5. (2013). Resolution Doubling in 3D-
STORM Imaging through Improved Buffers. PLoS ONE 8, e69004.



STORM : Which fluorophores in which bufferu?
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A User’s Guide to
Localization-Based
Super-Resolution
Fluorescence Imaging

Table 24.1 Probes and imaging buffers for different applications

Fxed-cell, sngle-
color Imaging

Highest resalution,

fxed-cell, single-
COolor Imaging
Fixed-cell,
multireporter
imaging

Fxed-cell
multiactivator
imaging
Live-cell, single-
color imaging

Probe(s)

Alexa 647, DyLight 750, or
Afto 488

mEos2 or PA-mChemy
Reduced Cy3B

Alexa 647 and DyLight 750
and/or Atto 488

Alexa 647 and mEos2 and/
or DyLight 750

Alexa 405-Alexa 647 and/

or Cy2-Alexa 647 and/or
Cy3-Alexa 647

Alexa 647

mEos2 or PA-mChemy

Imaging solution

Buffer

pH 7-9
pH 7-9
pH 7-9
PBS

pH 7-9

pH 7-9
pH 7-9
pH 7-9
pH 7-9
pH 7-9
pH 7-9

DMEM; low
Serum; no
phenol red
DMEM: low
Serum: no
phenol red

GLOX

(viv)
(%)

1
1
1
-

—h ek =k =k =k =i

Glucose
(w/v) (%)

1-10
1-10
1-10

1-10

1-10
1-10
1-10
1-10
1-10
1-10

25

MVAA
(mM)

— | —_ |

Graham T. Dempsey
stry and Chemical Biology, Harvard University, Cambridge,
Massachusents, USA
BME MEA  TCEP
mM) (mM) (mM)
100 - -
- 10 -
S - 25
100 - -
. 10 CE
. " 25
100 - -
a 10 -
- 10 -
70 - -

This st is intended 1o be a starting painl, as ather probes are avallable. Note that 1% GLOX is 0.5 mg/mL gucose axidase (Sigma-Aldrich) and 40 ug/mL catalase

Sigma-Akbrich).

Methods in Cell Biology, Volume 114



Dichroic

Lens
V 4

A2

A,

Miror

Beam splitter

FDC
Camera

sCMOS

Path1 Path2
Biplane : 2 different optic path




Cis-Golgi

median-Golgi

Golgi apparatus : Trans-Golgi

golgi proteins are closed
but not in the same compatment

Plasma membrane



Actin 568

Cis Golgi 647

Trans Golgi 488
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Multiscale imaging with MemBright probes
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e e » Cell Chemical Biology 2019, in collaboration with M. Collot (Chemist)
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MEMBRIGHT

FLUORESCENT MEMBRANE PROBES DESIGNED
FOR MULTISCALE IMAGING

EPISODE 1

Cell Chemical BimI 2019

https://doi.org/10.1016/j.che 019.01.009




Lrtroduction to rucroscopy

from comvertional ...
.. Lo Super Resoludion

How to choose the better objective for your sample ?
Refraction index
Numerical aperture
Resolution
Immersion medium
Mounting medium
Depth of field
Working distance

lllumination mode :
Bright-field microscopy

Phase contrast microscopy

Fluorescence microscopy
Matrix, Bit depth, pixel size, histogram, RGB color pictures
Confocal microscopy
Spinning-disk microscopy
Airyscan

Super-resolution microscopy
Structured illumination microscopy (SIM)
Stimulated emission depletion (STED)

Deconvolution
STORM, PALM
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