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Neurons ~10.000 types
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Proposed dendritic functions

Voltage summation
Coincidence detectors

Biological logic gates

Learn modulation
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// Proposed dendritic functions
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' 73

Voltage summation
Coincidence detectors
Biological logic gates
Learn modulation

. improbable fine tuning of biological parameters
. hot robust over morphology variability




f/\ Active dendrites
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Eccles works (1958)
* active conductances
* dendritic spike




f/\ Active dendrites
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Eccles works (1958)

* active conductances
* dendritic spike

Ultimate wish: theory for active dendrites




f/\ Outline
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* Sensory stimulus intensity problem
* Stochastic model

* Mathematical formulation




f/\ Motivation particular problem
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* Sensory stimulus intensity problem
* Stochastic model

* Mathematical formulation




To detect and distinguish incoming stimulus

http://ifisc.uib.es



// Dynamic range definition
IFISC

= 10log,, (2?)

1 I I I I

-
""""
.
____
.
o
o

09 U9 ]
10% below saturatron :

0.8
0.7
0.6
0.5
0.4 _. |
03 | m=1/3" S orgq
o1 | 10% above,.baselme}_ /| Foa |

0 b | |
10° 10° 10 103 102 10" 10° 10" 10% 10%® 10* 10°
Stimulus intensity

Normalized Response (F/F,..,)




Sherwood 2005
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Squire et al. 2003

Sherwood 2005
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30-50 dB
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//\ Statistical physics approach
. |
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» Sensory stimulus intensity problem
» Stochastic model

« Mathematical formulation

http://ifisc.uib.es



f/\ Modelling strategy
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Hodgkin — Huxley (1939)

N n N

* Active membranes
— coupled non-linear differential equations
— electric potential and ionic conductances




// . Modelling strategy
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Hodgkin — Huxley (1939)

2 ms ‘
* Active membranes nl“ ﬂ ﬂ

— coupled non-linear differential equations
— electric potential and ionic conductances

* Detailed compartmental modelling




f/\ alternatively
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« Spatially extended excitable system

« Simple non-linear dynamics

* Collective behavior
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Poisson process




Stochastic process: channel dynamics

» Coupling parameter
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f/\ Branchlet dynamics
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Example:
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~Firing rate <«
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f\ o Results
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Does the output depend on the number of branchlets?

http://ifisc.uib.es



f/\ Does the output depend on the number of branchlets?
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Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol



f/\ response function
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* Family of response functions
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Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol




//\ Dynamic range
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P

Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol



Purkinje cell Conjecture:

* play crucial role in fine motor control in cerebellum
Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol



//\ Dynamic range
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Predictions:
1. larger trees implies larger dynamic range
Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol



//\ Dynamic range
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Predictions:
2. to block active conductances should decrease dynamic range
Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol
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f/\ Deans et al. Neuron 2002
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* First model to obtain double sigmoid response function
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* Large dendrites —»low stimulus intensity

http://ifisc.uib.es



* Double sigmoid

http://ifisc.uib.es



*dynamic range
I.  Larger and more active trees distinguish better

http://ifisc.uib.es



f/\ summary
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*dynamic range
I.  Larger and more active trees distinguish better
ii. Blocking active conductances decreases dynamic range




f/\ In an evolutionary sense
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*dynamic range
.
.

* Backpropagation (plasticity,memory, learn) an exaptation

Gollo, Kinouchi, Copelli (2009) PLoS Comput Biol



New propose for active dendrites

Robust



New propose for active dendrites
Robust

General properties of excitable media



//\ Master Equation
* .
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* Sensory stimulus intensity problem
* Stochastic model

* Mathematical formulation
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Master equation
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Master equation

+(1—ps) P (515)
: = 1- Pt-|—1{ 1:) Pt-|-1('2'}
(2;) = psP/(iL;) + (1 —py)B/(2;)

1D Master Eq—» Furtado, Copelli 2005
http://ifisc.uib.es



Master equation

coordination number
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Single site Mean Field

Pf(j1 UE'J ---:.flm) ~ PfU'l) .
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f/\ Pairs approximation
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PTU‘| |.-'r2, 1.-".m} ~ Pf(.-'f'l |.-".2) 3
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Excitable Wave Mean Field approximation

http://ifisc.uib.es



Excitable Wave Mean Field approximation

Gollo, Copelli (in prep.)
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// Excitable Wave Mean Field approximation
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Deans et al. Neuron 2002
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f/\ Excitable Wave Mean Field approximation
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Gollo, Copelli (in prep.)



Final remark : EW

Captures essential dynamical aspects

Good agreement: simulations and experimental data



Thank you!

http://ifisc.uib.es
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