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A.  Distributions of biophysical mechanisms in the model neurons
All the biophysical mechanisms were differentially distributed along the somatodendritic axis, based on available experimental data. 
a) Hodgkin–Huxley-type Na+ currents (transient: INaf; persistent INap;)

 The conductance of INaf was highest in the axon, and increased in the soma and proximal dendrites compared to distal and basal dendrite (Gonzalez-Burgos and Barrionuevo, 2001).

b) three voltage-dependent K+ currents ( IKdr; IA; ID).
The conductance of all three different K+ currents was decreased in the apical dendrites compared to the soma (Korngreen and Sakmann, 2000; Schaefer et al., 2007)
c) a fast Ca++ and voltage-dependent K+ current, IfAHP; a slow Ca++-dependent K+ current, IsAHP (Lorenzon and Foehring, 1992), which was present in the soma and much less in the apical dendrites
d) a hyperpolarization-activated non-specific cation current (Ih), whose conductance was increased, compared to the soma, sigmoidally with a maximum value of 10x that in the soma (Day et al., 2005; Kole et al., 2006) but not the basal dendrites (Nevian et al., 2007)
e) a low-voltage activated calcium current IcaT (de la and Geijo-Barrientos, 1996)
f) four types of Ca++- and voltage-dependent calcium currents (IcaN; IcaR; IcaL) (Lorenzon and Foehring, 1995)
g) and the calcium-activated non-selective cation (CAN) current responsible for the delayed afterdepolarization (dADP current) (Haj-Dahmane and Andrade, 1998; Fowler et al., 2007).  The  CAN current was also present in the dendrites but decreased by a factor of 10 (Hagenston et al., 2008)
B.  Synaptic mechanisms validation

We used experimentally reported data in order to validate the synaptic currents used in our network.  The conductance for the AMPA current in the pyramidal cell was validated so as stimulation in the basal dendrite would result to a somatic voltage response of the order of 0.1 mV (Fig. S2A), as reported in (Nevian et al., 2007).  The iNMDA to iAMPA ratio at the basal dendrite used in all conditions unless otherwise noted was 1, in accordance with the experimental data of (Wang et al., 2008).  This iNMDA conductance could produce NMDA spikes following stimulation of the basal dendrites with 2 events at 50Hz.  The conductance of the GABAA mechanism was set so that activation of 1 synapse would result in current amplitude of 10pA, as reported in (Woo et al., 2007).
C.  Equations for all biophysical mechanisms used.

Description of synaptic mechanisms. 

The NMDA receptor (Poirazi et al., 2003) 
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The AMPA receptor (Destexhe et al., 1997)
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The GABAA receptor (Destexhe et al., 1997)
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The GABAB receptor (Destexhe and Sejnowski, 1995; Pissadaki and Poirazi, 2007) 
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Description of ionic mechanisms 

The leak current
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The fast sodium channel
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The persistent sodium channel
[image: image46.wmf]Nap
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 (Durstewitz and Gabriel, 2007)
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The delayed rectifier potassium current (Durstewitz and Gabriel, 2007)
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The fast inactivating potassium current 
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(Poirazi et al, 2003)
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Calcium currents

L-type calcium current 
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The current inactivates according to the state s, where S=2. 
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where b = 0.03 
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N-type Calcium current (Poirazi et al., 2003)
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R-type calcium current (Poirazi et al., 2003)
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Low threshold activated calcium current (Poirazi et al., 2003)
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The fast calcium dependent potassium current 
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The channel has three states according to (Shao et al., 1999): active (O), non active (C) and inactivated (I). 

The transition from C(O is calcium dependent. The transition from O(I is voltage dependent and is responsible for the presence of the fast afterhyperpolarization potential. The transition from I(C is voltage dependent and slow as well.
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where K1, K2, K4 are described by function 
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 and correspond to the transition rates between open (O), close (C) and inactivated (I) states:


[image: image135.wmf]2

)

]

([

*

8

1

*

1

)

/

)

((

1

1

1

)

(

1

1

min

max

min

e

i

Ca

e

ms

K

V

V

e

t

t

t

V

half

-

×

-

+

-

+

=

a





(114)


[image: image136.wmf]ms

K

V

V

half

e

t

V

1

)

(

min

2

1

)

(

×

-

-

+

=

a








(115)

Where
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The slow calcium dependent potassium channel 
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where b = 0.008
Hyperpolarization Activated Current Ih (Poirazi et al., 2003)  
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where, Eh=-10mV



Slow inactivating potassium current (Durstewitz and Seamans, 2002) 
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The dADP (CAN) mechanism (Destexhe, 1994)
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, based on Fowler et al, 2007, where about 70% of the dADP is Na+ current
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alpha = beta *(
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where beta = 0.0001(1/ms)  and cac = 0.0004 (mM) 
The beta and cac values were adjusted so that the dADP was induced following more 4 spikes and had decay kinetics in the order of a few (~3sec).
D. Table that shows conductance and distributions of active and passive mechanisms in the various sections of the model neuron. 
RS model neuron
	Mechanisms
	Soma


	Axon
	Basal

Dendrites
	Apical dendrites

	Leak=1/Rm
(1/K Ωcm2)
	3e-4
	3e-4
	Decreases sigmoidally up to half of the somatic conductance using the following equation: 3e-4+(1.5e-4-3e-4)/ (1.0+ exp(10-<distance>/5)
	Decreases sigmoidally up to half of the somatic conductance using the following equation:            3e-4 + (1.5e-4-3e-4)/ (1.0+ exp(300-<distance>/50)

	Na
	0.155
	0.31
	0.0031
	0.0062

	Kdr
	0.045
	0.045
	0.0045
	0.000045

	Nap
	0.6e-5  

(*2 for IB)
	0
	0.6e-5
	If distance from the soma <200μm: 0.6e-5

If distance from the soma >200μm: 3e-5 *(<distance>/200)

	A-type
	9e-4
	0
	If distance from the soma <50μm: 18e-4

If distance from the soma >50μm: 45e-4
	If distance from the soma <100μm: 9e-4

If distance from the soma >100μm but <300μm: 9e-5*(300/<distance>)

If distance from the soma >300μm: 9e-5

	D-type
	5.28e-3
	0
	0
	If distance from the soma <100μm: 5.28e-3

If distance from the soma >100μm but <300μm: 5.28e-4*(300/<distance>)

If distance from the soma >300μm: 5.28e-4

	N-type CC
	0.3e-5
	0
	If distance from the soma <50μm: 0.3e-5

If distance from the soma >50μm: 45e-4
	If distance from the soma <200μm: 0.3e-5

If distance from the soma >200μm: 0.96e-5*(<distance>/200)

	T-type CC
	1e-4
	0
	1e-5
	If distance from the soma <200μm: 1e-4

If distance from the soma >200μm: 1e-4*  (<distance>/200)

	CaR
	37.5e-5 (*2 for IB)
	0
	0
	If distance from the soma <200μm: 37.5e-5

If distance from the soma >200μm: 37.5e-5* (<distance>/200)

	L-type
	3e-4
	0
	0
	If distance from the soma <200μm: 3e-4

If distance from the soma >200μm: 3e-4*(30/<distance>)

	sAHP
	1.25e-2
	0
	0
	If distance from the soma <200μm: 1.25e-3

If distance from the soma >200μm: 1.25e-6

	fAHP
	3e-5
	0
	0
	If distance from the soma <200μm: 15e-7

If distance from the soma >200μm: 3e-8

	H-current
	9.36e-6
	0
	9.36e-6
	Increases sigmoidally up to 10x the somatic conductance using the following equation: 9.36e-6+(93.6e-6-9.36e-6)/(1.0+exp(300-<distance>/50)

	dADP current
	1e-4
	0
	1e-5
	1e-5

	Calcium diffusion model
	Yes
	No
	Yes
	Yes
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