
The properties of light 



  

The speed of light in vacuum (c) = 299,792,458 m/s     E=mc2
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c = fλ

photon energy

E = hf =
hc
λ

   Planck - Einstein

h = Planck constant
f = frequency

Radiation

vs

corpuscolar properties
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Snell law
n1 sinθ1 = n2 sinθ 2

n =
c
v

    refractive index

reflection

refraction




Interference

(diffraction and scattering)
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diffraction limit (Abbe)

d = 1.22λ
f
a

f = focal distance
a =  light beam diameter

angolar resolution is

sinΘ = 1.22
λ
D

Abbe can be written as :

d =
λ

2(n sinΘ)

n sinΘ = NA (numerical aperture)



Polarization & scattering (dispersion)
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I = I0 cos
2Θ i



LAMBERT BEER law
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LAMBERT - BEER

T = transmittance

T =
I
I 0

= 10−εlc

ε = molar extinction coefficient
c = concentration
l =  path length

A =  absorbance

A = − log10

I
I 0
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A = εlc =αl

α =
4πn
λ 0

n = refractive index =
c (light velocity in vacuum)

v p  (light velocity in the medium)

λ0 = λ of light in vacuum



FLUORESCENCE in nature…


and in lab…


FLUORESCENCE is the emission of light by a substance 
that has absorbed light or other electromagnetic 
radiation. 




Jablonski diagram 

Resting state 

Excited state  

excitation 

Excited state  

emission 

non-radiative transitions 
(10-9-10-8 s) 
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S0 + hfex → S1

h = Planck constant
f = light frequency

S1 → S0 + hfem + heat

Φ = quantum yield =
number of emitted photons

number of absorbed photons

Φ =
k f

kii∑

k f = spontaneous emission of radiation

kii∑ = sum of all rates of excited state decay
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Fluorescence lifetime 
Average time at which a molecule stays in excited state before photon emission 

S1[ ] = S1[ ]0
−Γt

Γ =
1

fluorescence lifetime
= decay rate

Γtot = Γrad + Γnonrad



Fluorescence spectrum


http://flowcyt.salk.edu/fluo.html 



Pseudocolor movie of calcium transients in the 
pharyngeal muscle of an intact Caenorhabditis 
elegans.  The calcium indicator is cameleon (Miaywaki 
et al., Nature 388:882), a ratiometric fluorescent 
calcium sensor containing CFP and YFP. 


cGMP wave in RFL Cells 





Fluorescence microscopy: what do you need? 


https://www.youtube.com/watch?v=AhzhOzgYoqw


Look at this movie:




microscope

pc
 light source


CCD


perfusion


power supply






How to choose the right probe?


•  Calcium concentration (dissociation constant Kd: from 
0.1Kd to 10Kd)


•  Qualitative or quantitative measurement


•  Emission brightness


•  Multiparametric measurements




How to put the probe inside the cell (if it is not a protein)?


drawbacks:


Compartmentalization


Quenching




UV-excited fluorescent probes


•  Excitation or emission shift


•  Measurement at two wavelenghts to avoid all the 
limitations imposed by Lambert-Beer law


•  Ratiometric data





QUANTITATIVE measurements




Fura-2


"   Excitation at 340 and 380 nm.


"   emission at 510 nm 


"   [Ca2+] is a function of Ex340/
Ex380, independently from 
fura-2 concentration and other 
environmental factors


Ex at 380 nm


Ex at 340 nm




Indo-1


"   excitation at 380 nm


"   double emission (400 and 
475 nm)


"   [Ca2+ ] = Em400 / Em475 
ratio








Calibration
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[Ca2+ ] = Kd
R− Rmin

R− Rmax
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Visible light-emission probes: advantages


•  Confocal microscopy


•  Less autofluorescence


•  Less damage and scattering


•  More absorbance


•  Caged compounds




Fluo-3


"   Excitation at 488 nm


"   Emission at 525 nm


"   Non ratiometric




A nice trick: ���
how to ‘mimic’ a ratiometric measurement using 

visible-excited probes (Fluo-3 e Fura Red)




BIOLUMINESCENCE


•  Bioluminescence is light emission by 
photoproteins in some organisms 


•  Product of a chemical reaction


•  No excitation required


•  Emission usually low


•  Aequorin is a photoprotein extracted from 
Aequoria Victoria


Aequoria Victoria
Sometimes we can use natural devices 
and processes to setup new techniques
! ! 





Recombinant Aequorin can be selectively targeted in different 
intracellular compartments















