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Outline 

•  Conventional Light Microscopy 
Brightfield, phase & interference contrast 

•  Fluorescence Microscopy 
•  Confocal and Two-Photon Microscopy 
•  TIRF Microscopy 
•  Advances In Fluorescence Microscopy 



Microscopy Resources 
•  Web:   
www.microscopyU.com (Nikon) 
Micro.magnet.fsu.edu 
www.olympusmicro.com (Olympus) 
•  Papers (will be uploaded to course website) 

Lecture slides are based on the above resources… 
Additional resources (Molecular probes/Invitrogen) 

 Some notes and slides adapted/modified from Prof. Aryeh Weiss 
(BIU@Israel) 



What	  is	  the	  Physical	  Nature	  of	  Light?	  
What	  is	  Fluorescence?	  
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Andor	  Technology	  
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Descriptions for the Properties of Light 

Most Basic: Ray diagrams. 

Classical: Electromagnetic waves. 

Light-Matter Interaction: Quantum Entities – Photons. 



The	  Duality	  of	  Light:	   What	  is	  the	  Physical	  Nature	  of	  Light?	  

Light	  behaves	  like…	  Waves	  	  
(DiffracEon,	  Interference,	  refracEon)	  

Newton,	  Huygens,	  Fresnel,	  Young,	  Maxwell	  

Maxwell’s	  EquaEons	  
(ElectromagneEc	  Waves)	  
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Light	  behaves	  like….	  ParEcles	  	  
(Discrete	  QuanEEes	  of	  Energy-‐	  light	  quantas	  or	  photons)	  	  

Hertz,	  Thomson,	  Lenard,	  Einstein	  

The	  Photoelectric	  Effect	  

The	  Duality	  of	  Light:	   What	  is	  the	  Physical	  Nature	  of	  Light?	  

photon	  
electron	  

Metal	  
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The	  Duality	  of	  Light	  

Light	  has	  a	  duality,	  wave	  AND	  parEcle	  
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The Duality of Light 

Equations that describe the properties of light: 

Wave equations: (frequency, amplitude). 

Ψ(x,t)=A*exp(i(κx+ωt)	  
κ=2π/λ	

ω=2πν	


Energy of Photons:  

	   	   	   	  E= 	  hν =	  hc/λ	


ν-‐frequency	

λ-‐wavelength	

c-‐speed	  of	  light	  
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Conventional Light Microscopy 

Bright field, phase & Interference contrast 



Magnifica(on	  	  

Illumina(on	  	  

Specimen	  

(with modification http://micro.magnet.fsu.edu) 

Basic Anatomy of Light Microscope 









Final	  (imaginary)	  image	  

ocular	  (magnifying	  glass)	  

A	  light	  microscope	  is	  a	  combina(on	  
of	  a	  slide	  projector	  with	  a	  magnifying	  glass	  	  	  

Total	  magnifica(on	  =	  Mobjec(ve	  x	  Mocular	  

light	  

Intermediate	  (real)	  image	  
(on	  the	  projector	  screen)	  

objec(ve	  (slide	  projector)	  



Or	  capability	  of	  resolving	  adjacent	  objects	  in	  a	  microscope	  	  

P.S.F	  -‐	  Point	  Spread	  FuncEon	  

Rayleigh Criterion- 
Diffraction limit of light 

Angular	  collecEon	  ability	  of	  
an	  objecEve	  lens	  
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Using Properties of Light for Better Imaging 

Bright field phase DIC 

Algae	  













Bright field phase DIC 

Algae	  



phase DIC 

HeLa Cells 

Phase vs DIC 
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Andor	  Technology	  



Fluorescence Microscopy 

Rat	  Neuron	  	  



Why Fluorescence Microscopy 

Cells ~ 40-100 μm (10-6 m) 

Inside the cell:  

Proteins and nucleic acids – nanometer and angstrom scale (10-9-10-10 m). 

Seeing biology as it happens – light microscopy (Visualizing Small Objects) 

Problem: Small objects will not scatter light 

Solution: Fluorescence microscopy 

Instead of looking directly we attach to the  

biomolecules of interest a florescent molecule (Tag) 

38	  Trends	  in	  Biochemical	  Sciences	  (2009)	  



Fluorescent Molecules: 

• Fluorophores/Fluorochromes/Dye molecules 

• Fluorescent Proteins (Bioluminescence) 

• Quantum-Dots  



Light	  behaves	  like….	  ParEcles	  	  
(Discrete	  QuanEEes	  of	  Energy-‐	  light	  quantas	  or	  photons)	  	  

Hertz,	  Thomson,	  Lenard,	  Einstein	  

The	  Photoelectric	  Effect	  

The	  Duality	  of	  Light:	   What	  is	  the	  Physical	  Nature	  of	  Light?	  

photon	  
electron	  

Metal	  
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Fluorescence 

Ground	  State	  

Excited	  State	  

41	  
Olympus	  Microscopy	  Resource	  Center	  	  

hep://www.olympusmicro.com/	  



Fluorescence 
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Ground	  State	  

Excited	  State	  
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Stokes	  ShiG	  –	  	  Fluorescence	  Microscopy	  
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Olympus	  Microscopy	  Resource	  Center	  	  

Fluorescence 



AbsorpEon/ExcitaEon	   	   	  D+hν1 	   	   	  D*	  

Fluorescence 	   	   	  D* 	   	   	   	  D+hν2	


Energy	  Transfer 	   	   	  D*+A 	   	   	  D+A+hν3	


Electron	  Transfer	  	   	   	  D*+Q 	   	   	  D+Q-‐	  	  

Non-‐RadiaEve	  Decay 	   	  D* 	   	   	   	  D+heat	  
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Fluorescence 



Fluorescence Resonance Energy Transfer (FRET) 

Donor	   Acceptor	  

Distance	  
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Fluorescence Resonance Energy Transfer (FRET)  “Spectroscopic 
Ruler” 

Increased Acceptor Signal = Decreased Donor Signal = High Transfer (FRET) Efficiency = 
Shorter Distance 

MEASURE DISTANCE CHANGES OVER 
SMALL SCALES 

EFRET=	  IA/(IA+ID)	  

EFRET=	  (1+(R/R0)6)-‐1	  

R/R0=	  ((1/EFRET)-‐1)1/6	  

2	  nm	  <	  R	  <	  8	  nm	  

R0(Cy3-‐Cy5)=	  6.3	  nm	  
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Fluorescent Molecules: 

• Fluorophores/Fluorochromes/Dye molecules (Alexa, 
Atto,  CyDye, YO-PRO etc.) 
Advantages: Huge selection, small, specific, bright. 
Disadvantages: Introduction into cells. 

• Fluorescent Proteins (Bioluminescence) 
Advantages: genetically encoded, growing selection, specificity. 
Disadvantages: Stability, size, brightness. 

• Quantum-Dots 
Advantages: extremely bright and stable, wide selection, 
continuous excitation. 
Disadvantages: Very large, hard to conjugate. 











Fluorescent Proteins 



Fluorescent Proteins 



Fluorescent Proteins 



Quantum-Dots 

Core-Shell Semiconductor Nanocrystals (CdSe/ZnS) 
Quantum-Confinement: Absorption and Emission is dependent upon size.  
Due to the number of atoms- Many energy levels=continuous absorption/excitation.  



Quantum-Dots 



Labeling Biological Targets 
Fixed Cells 

Fluorescent In-Situ Hybridization (FISH) 
uses target (epitope) specific antibody 
(primary) to mark the target,  and another 
fluorescently labeled antibody (secondary) 
which is specific against the first antibody 

Live- Cells 

Fluorescent-Proteins. 

Genetically coded tags. 

Cellular deliver of of dyes: Membrane permeable 
Chemically/electrically  induced cell uptake.  
Microinjection  

Chemically specific Dyes. 
Membrane Dyes, DNA, RNA intercalating dyes, 
mitochondria dyes.  





Fluorescence Microscopy  

ExcitaEon:	  Shine	  Light	  at	  one	  wavelength	  and	  get	  fluorescence	  at	  another	  (lower	  energy)	  

dichroic	  mirror	  

fluorescence	  object/dye	  

excita(on	  wavelenght	  λex	  

Excita(on	  Source	  (LASER,	  
Lamp,	  LED)	  

emission	  wavelenght	  λem	  >	  λex	  

Detec(on	  system	  
(eye,	  conven(onal	  camera,	  CCD,	  photo	  diode,	  PMT)	  
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Fluorophores	  (fluorescent	  molecules):	  

Quantum-‐Yield	  (probability	  of	  absorbed	  
photon	  resulEng	  in	  an	  emieed	  photon)	  

Absorp(on	  cross	  sec(on	  (probability	  of	  
absorbing	  a	  photon	  or	  how	  many	  photons	  we	  
need	  to	  excite	  the	  molecule)	  

Excita(on	  Source:	  Lasers,	  LEDs	  
(narrow	  wavelength),	  Lamps	  

Fluorescence Microscopy  
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Arc lamps 

Xenon 
Mercury 

UV	   IR	  
Laser types 

Argon	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  351	  	  364	  	  	  	  	  	  	  457	  	  	  477	  	  	  488	  	  	  	  	  	  	  	  	  	  	  	  514	  
Blue	  diode	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  405	  	  440	  
Helium-‐Cadmium	  	  	  354	  	  	  	  	  	  	  	  	  	  	  	  442	  

Krypton-‐Argon 	  	  	  	  	  	   	   	  	  	  	  	  	  	  	  488	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  569	  	  	  	  	  	  	  	  	  	  	  647	  

Green	  Helium-‐Neon 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  543	  

Yellow	  Helium-‐Neon 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  594	  

Orange	  Helium-‐Neon 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  612	  

Red	  Helium-‐Neon 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  633	  

Red	  diode	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  635	  650	  

Ti:Sapphire 	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  720-‐980	  

Excita(on	  Sources	  







Microscope	  Objec(ve	  
(collecEng	  the	  fluorescence	  from	  sample):	  

-‐High	  magnificaEon	  (63x,	  100x)	  
-‐High	  Numerical	  Aperture	  (N.A.	  >	  1.4)	  

Detectors	  
EMCCD	  camera	  
(electron	  mulEplying	  Charge-‐Couple	  
Device):	  

-‐High	  Quantum	  Efficiency	  (QE)	  –	  
sensiEvity	  to	  light	  
-‐Fast	  AcquisiEon	  rates	  

Fluorescence Microscopy  
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photo	  diode	  

Spar(al	  
resolu(on	  

Temporal	  
resolu(on	  

CCD	  

Fluorescence detector systems ... 

PMT	  





Disadvantageous of widefield microscopy 




