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MicroscopicTechniques
ÅConventionalWide-Field Fluorescence
ÅTIRF
ÅFLIM
ÅFRET, FRAP
ÅConfocal
ÅTwo-Photon
ÅSecond Harmonic
ÅSuper-resolution(SNOM, STED, PALM, STORM)

Non-MicroscopicTechniques
Å Cytofluorimetry
Å ELISA
Å DNA-Chip
Å Cycle-sequencing
Å SOLID

Othernon 
Microscopic
Techniques
Å Southern
Å Western
Å Northern

Non-Microscopic
Label-free

Å Surfaceplasmon
Polaritons(SPP)

Å Photonic
crystals(PC)

Å Raman, CARS
Å Quantum dots

All of them make
use of the 

emissionof 
luminescent

markers(labels)

Applications of opticsand photonics



LECTURE 4

Wide-Field Fluorescence Microscopy
and

Confocal Microscopy



Basicsof Optical Microscopy

DirectHumanvision

Å Theappearentdimensionof an object dependon the dimensionof the image
that is formed on the eye’sretina, which is proportional to the angleof view,
whichis the angleunderwhichanobject isviewedfrom the eye.

Å Toexplorethe detailsoneshouldbringthe objectascloseaspossibleto the eye.

Å Thereis a minimum distanced0 where one canbring the object and where the
eyeisstill ableto focusit on the retina.

ÅKid(10years) d0 = 7 cm
ÅAdult man d0 = 25cm
ÅAgedman d0 > 25cm(presbiopy)

Å Maximumanglein the direct vision ἼἯ
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Basicsof Optical Microscopy

Humanvisionby meansof a simplemicroscope(magnifyinglens)

Å A thin convergentlensprovidesa positiveand virtual imageof an object that is
closerto the lensthan the focallengthf.

Å Onecanput the object in a position that is suchthat to providean imagethat is
at a distanced²d0 from the eye, which under theseconditionscan focuson th
retina without anyproblem.

Å Maimumanglein the vision ♪
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Humanvisionby meansof a simplemicroscope(magnifying lens)

Å Themaximumangulardimensionof the imageis obtainedwhen the object is in the
focalplaneof the lens.

Å In sucha situation the eyeoperatesundercompletelyrelaxedconditions, i.e. it is not
stressedasit focusedanobject that isat infinite distance.

Å Maximumanglein the vision ᴂ
ὁ

Ἦ

Å Angularmagnification Ἑ
Ἤ

Ἦ ἮἫἵ

Å Typically M = 5 ÷ 10
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Basicsof Optical Microscopy



Humanvisionby meansof a compositemicroscope

Å Basedon two systemsof correctedlenses.

Å Thefirst (objective) hasa veryshort focal length f1 and is usedto providea real
andmagnifiedimageof the object.

Å Thesecond(eyepiece) hasa longerfocal length f2 andis usedto observesuchan
imagewith the eyein the bestconditions.

f1
f2

x1 x2

f1

Basicsof Optical Microscopy



Humanvisionby meansof a compositemicroscope

Å The total angularmagnificationof the compositemicroscopeis the product of
the linearmagnificationm1 of the objectiveand the angularmagnificationM2 of
the eyepiece.

Å Linearmagnificationof the objective ἵ
Ἰ

Ἱ

ὀ Ἦ

ὀ Ἦ

ὀ

Ἦ

Å Angularmagnificationof the eyepiece Ἑ
Ἦ Ἣἵ

f1
f2

x1 x2
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Basicsof Optical Microscopy



Humanvisionby meansof a compositemicroscope

Å Totalangularmagnification -
ὀ

Ἦ Ἦ

Å Tipicallyonegets M<1000.

Å In common microscopesthe eyepiece/objective distance is fixed, as they are
mounted in a tube, and focusingis carriedout by shifting the tube with respect
to the objectunderobservation.

f1
f2

x1 x2

f1

Basicsof Optical Microscopy



ÅAlmost all manufacturers design optical microscopes 

that make use of objectives that are corrected for 

observation at infinite distance.

ÅTo create the image, the tube must contain a 

supplementary lens, the tube lens.

ÅThe tube lens provides an image located on the 

diaphragm plane of the eyepiece (intermediate image 

plane).

ÅThe systems that are corrected for infinite observation:

-Show a region where the beams are parallel;

-Eliminate the ghost images due to the transit of 

converging beams through planar optical elements;

-Permit to introduce between the objective and the 

tube lens complex optical systems. This is particularly 

useful  in wide-field and confocal epifluorescence 

microscopy and their most advanced derivatives.

Humanvisionby meansof a compositemicroscope

Basicsof Optical Microscopy



FluorescenceMicroscopy

Schemeof a Fluorescence
microscopein reflection

configuration
(Epifluorescence)

ÅLightsources
ÅLamps(Hg,Xe)
ÅLaser(ArgonIons)



FluorescenceMicroscopy

Lightsources

Emissionlinesfor the Argon ion laser



FluorescenceMicroscopy

Schemeof a Fluorescence
microscopein reflection

configuration
(Epifluorescence)

ÅLightsources
ÅLamps(Hg,Xe)
ÅLaser(ArgonIons)

ÅFilters block and
dichroicmirror



FluorescenceMicroscopy

Filtersblockand dichroicmirror

ÅExcitationfilter
Selectsa portion of the spectrumof
the lamp in correspondenceof the
absorptionspectrumof the particular
chromophorethat we areusing

ÅDichroicmirror
Reflectsthe excitation radiation and
transmitsthe radiationemitted by the
chromophores

ÅEmissionfilter
Selectsthe portion of the spectrum
corresponding to the emission
spectrum of the particular
chromophorewe areusing



FluorescenceMicroscopy

Filtersblockand dichroicmirror

ÅIn commercial fluorescence
microscopesthe three filters that are
needed to observe a particular
chromophoreare inserted in a single
block.
ÅThe microscopesare equipped with

severalblocksthat canbe changedby
meansof a revolvercharger.
ÅAlmost all filters are interferential

filters. They are periodic multilayers
constitutedby highandlow refractive
indexmaterials.



Theprincipalcharacteristicsthat a filter mustshoware:
Å Minimumvaluesof autofluorescence
Å Sharpspectraltransitionsbetweentransmittanceandreflectanceregions
Å Maximumtransmittancein the transmissionwindow
Å Maximumsignalto noiseratio

FluorescenceMicroscopy

Filtersblockand dichroicmirror
Chromophore: GreenFluorescentProtein(GFP)



FluorescenceMicroscopy

Filtersblockand dichroicmirror
Chromophore: 4',6-diamidino-2-phenylindole(DAPI)



FluorescenceMicroscopy

Interferential Filters



FluorescenceMicroscopy

Problems

ÅFluorescence that comes from
regions of the samples that are
outside the focal plane is anyhow
collected by the detector. This
deteriratesthe contrast(blur).

ÅThe thickness of the samples is
limited by the focal depth of the
objectivethat isused.

ÅDetectionof a very low chromphores’
concentration is limited by the
signal/noiseratio, i.e. by the capacitiy
of the emission filter to completely
eliminatethe phtonsof the excitation
beam.

DETECTOR

LAMP

FocalPlane



GFP fusion

FluorescenceMicroscopy



The rpn11-m1 mutant shows a mitochondrial morphology defect

Fluorescence microscopy images; DAPI staining and MitoGfp

Wild -type

rpn11-m1

FluorescenceMicroscopy



Lateralresolutionof a wide-field microscope

Diffraction ( Airy) →

Numericalaperture →
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Rayleigh →

Snell →
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Lateralresolutionof a wide-field microscope



Abbe →
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Lateralresolutionof a wide-field microscope



Lateralresolutionof a conventionalwide-field microscope.

Objective N.A. dMIN

@535nm
dMIN

@670nm

20x 0.5 (air) 652.7nm 817.4nm

40x 0.75 (air) 435.1nm 544.9nm

60x 1.4 (oil) 233.1nm 291.9nm

Lateralresolutionof a wide-field microscope



ConfocalMicroscopy
Characteristics

ÅTheconfocalmicroscopeusesthe sameconfiguration
of the wide-field fluorescence microscope. In
particular the block with excitation and emission
filters anddichroicmirror.

ÅThelight sourceisnormallya singleline CWlaser.

ÅThefundamentaland novel issueis the useof a pin-
hole that is positioned in the point where the light
rays coming from the focal plane are converging
(conjugatedpoint). Thepin-hole:

ÅElimnatesthe radiation comingfrom the off focal
planeplanes;
ÅPermits to increase the lateral resolution by

filtering the secondarymaximaof the diffraction
pattern:

ÅByshiftingthe samplealongthe verticaldirectionone
can obtain images of the fluorescencethat comes
from all horizontal sections inside the sample with
axialresolution:

DETECTOR

LASER

Focalplane
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Lateraland axial resolutionof a confocalmicroscope.

ConfocalMicroscopy

Objective N.A. dMIN

@535nm
dMIN

@670nm
dASS

@535nm
dASS

@670nm

20x 0.5
(air)

428.0nm 536.0nm 2.996mm 3.752mm

40x 0.75
(air)

285.3nm 357.3nm 1.332mm 1.668mm

60x 1.4
(oil n=1.5)

152.8nm 191.4nm 0.382mm 0.479mm

Objective N.A. dMIN

@535nm
dMIN

@670nm

20x 0.5 (air) 652.7nm 817.4nm

40x 0.75 (air) 435.1nm 544.9nm

60x 1.4 (oil) 233.1nm 291.9nm

Optical Microscope



ConfocalMicroscopy

Characterisitcsof the «Scanningsystems»

Theimagesareobtainedby scanningthe excitationlaserpoint by point over the
sampleby meansof a systemof mirrors mounted on galvanometricactuators
(scanner). Lightiscollectedpoint by point by the pin-hole/detector system.



ConfocalMicroscopy

Characteristicsof the «SpinningDiskSystems»

ÅThe imagesare obtained by using a Nipkow disk associatedto an array of
microlenses.
ÅSuchsystemscanusedisksconteiningarrayswith up to 20000microlenses.

ÅEverymicrolensfocusesa portion of
the excitation laser beam in the
respective pin-hole. This increases
the laserintensity on the sampleto
up 70%.
ÅBy illuminating up to 1000 points

simultaneously (multi-point
scanner), it can reach a scanning
speedlargerthan 2000fps.
ÅIt is therefore a key instrument to

studylivingcellsin real time.



ConfocalMicroscopy

Problems

ÅUsingthe pin-holeconsiderablyreduces
the brightness of the images. It is
therefore necessary to increase the
sensitivity of the detectors
(photomultiplier tubes), the intensityof
the excitation laser or the detector’s
integrationtime.

ÅIn all caseswe increasethe doseof the
illumination radiation and the photo-
bleaching of the chromo-phores is
accelerated.

ÅConfocalmicroscopycannot therefore
be usedwith chromophoresthat show
low thresholdsfor the photobleaching
process, suchasDAPIfor example.

DETECTOR

LASER

Focalplane



ConfocalMicroscopy

LABWORK

ÅStudy of yeast cells labelled with
Green Fluorescent Protein (GFP).
Comparison between images
obtained by white-light wide-field
microscopyandconfocalmicroscopy.

DETECTOR

LASER

Focalplane


