Supporting Text:

Detailed Description of Single Neuron Models

Pyramidal Cells

We used Hodgkin-Huxley-type conductance-based models for single pyramidal
cells and interneurons, which were calibrated by in wvitro physiological measure-
ments. Pyramidal neurons have three compartments, representing a soma/initial
axonal segment (s) and proximal (d1) and distal (d2) dendrites [1]. The neuronal
input output relation and the shape of the somatic and dendritic action poten-
tial have been calibrated by cortical slice measurements. Several ion conductances
that have been identified in prefrontal pyramidal neurons are included in the model
[see Tegnér et al.[2] and refs. therein] [3, 4, 5]. The somatic compartment contains
spike-generating currents (Iy, and Ik ), a high-threshold calcium current /¢, and a
slow calcium-dependent cationic current I-,,. The proximate dendritic compart-
ment has a persistent sodium current Iy,p and a slowly inactivating potassium
current Ixg. The distal dendritic compartment has an I, and a transient A-type
potassium current 4.

The somatic voltage V;, proximal dendritic voltage Vj;;, and distal dendritic

voltage Vs obey the membrane equations:



dVs

Cm% = _INa_IK_ICG_IL_IC’an_gcl(Vs—le)/pl — Lgyn, (1)
dVa

Cm—dt = —Inap —Ixs — I — gc1(Var — Vi) /p2 — 9ca(Van — Vo) /D2 — Lsyn, (2)
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The capacitance C,, = 1 puF'/em?, I, = gr(V — V1) with gr = 0.05 mS/cm? and
Vp = =70 mV. We denote the membrane areas for the three compartments as
As, Aqt, Agp, and Ay = A + Ag + Agp. Then py = A/Awr, p2 = Aar/Avar,
and 1 — p; — po = Agp/Ai. If the axial resistance is R; between V; and Vj
and Ry between Vy and Vi, then ge; = 1/(R1Aw) and geo = 1/(RaAtet). The
electrotonic parameter values are: p; = 0.5, po = 0.3, gc; = 0.75, gco = 0.25.
The voltage-dependent currents are described by the Hodgkin-Huxley formal-

ism. Thus, a gating variable x satisfies a first-order kinetics,

dx
dt

= pr((V)(1 =) = Bo(V) 2) = ¢u(2 (V) — ) /7(V),
where ¢, = 1 unless specified otherwise.

The sodium current Iy, = gnam> (V)R(V — Vi), where the fast activation
variable is replaced by its steady-state, me = am/(@m + Gn), @m = —0.1(V +
31)/(exp(—=0.1(V + 31)) — 1), B = dexp(—(V 4 56)/18); oy, = 0.07 exp(—(V +

47)/20), and By, = 1/(exp(—0.1(V +17))+1). The delayed rectifier Iy = grn*(V —

Vi), where a;, = —0.01(V+34)/(exp(—0.1(V+34))—1), and 3, = 0.125 exp(—(V +



44)/80). The temperature factor ¢, = ¢, = 4. Other parameters are: gy, = 55,
gx = 15 (in mS/cm?); and Vy, = +55, Vg = —80 (in mV).

The high-threshold calcium current[6] Ic, = goam? (V)(V — Eca), Mmoo (V) =
1/(1 4 exp(—(V 4 20)/9)), Ece=+120 mV. The calcium dynamics in the soma
(s) and the distal dendrite (d2) follows: d[Ca*T]/dt = —acalca — Ca*"/7cq.
Somatic and distal dendritic parameters are: o, s=0.000667, ccq42=0.002 [in
puM(ms pA)"tem?], Tea,s=240, Tea.a2=80 (in ms), goa s=1.5 gca,a2=0.25 (in mS/cm?).

The slow calcium-dependent cationic current [7] Ican = goanm*(V — Ecan),
dm/dt = (me(Ca) — m)/Tcan(Ca), me(Ca) = aCa?/(aCa® + 3), B = 0.002
(ms)™!, a = 0.0056 (ms (mM)*)™!, 704, (Ca) = 1/(aCa® + 8)(ms). Ece = —20
mV, goa,=0.025 (mS/cm?).

The persistent sodium current Iy,p = gNapmioh(V — FEn,) includes a very
slow inactivation [4]. The steady-state activation mq (V) = 1/(1 + exp(—(V +
55.7)/7.7)). The kinetic parameters for the inactivation variable h are a(V) =
0.001 exp((—85 — V)/30), B(V) = 0.0034/(exp((—17 — V)/10) + 1), the maxi-
mum conductance gy,p=0.15 mS/cm?. The slowly inactivating potassium current
Ixs = grsqr(V — Eks), with ¢o(V) = 1/(1 4+ exp(—(V + 34)/6.5)) and 7,(V) =
8/(exp(—((V +55)/30)) + exp((V 4+ 55)/30)); reo(V) = 1/(1 + exp((V + 65)/6.6))
and 7,.(V') = 100/(1+exp(—((V' +65)/6.8))) 4100, and the maximum conductance
grs=2 mS/cm?.

The A current T4 = gaa*b(V — Ex), with as (V) = 1/(1+exp(—(V +60)/8.5))
and 7,(V) = 0.37 + 1/(exp((V + 35.8)/19.7) + exp(—(V + 79.7)/12.7)); boo (V) =

1/(1+exp((V+78)/6)) and 7,(V) = 1941/ (exp((V+46)/5)+exp((V +238)/(—37.5))),



and the maximum conductance g4=1.0 (in mS/cm?).

Inhibitory Interneurons

Perisoma-targeting (PV, parvalbumin) interneurons are modeled as C,,dV/dt =
—Ing — Ix — I, — Isy, + I, hence they include only spike-generating sodium and
potassium currents and show tonic fast-spiking behavior[8]. The sodium current
Ina = gnam3 h(V — Ey,). The activation variable m is substituted by its steady-
state Moo = am/(am + Bn); am(V) = —0.1(V + 35)/(exp(—0.1(V + 35)) — 1),
Bm (V) = 4exp(—(V + 60)/18). The kinetic parameters for the inactivation vari-
able h are an(V) = 0.07exp(—(V + 58)/20), and G,(V) = 1/(exp(—0.1(V +
28)) +1). gne = 35 mS/cm?, Ey, = 55 mV, ¢ = 5. The delayed rectifier
I = ggn*(V — Eg), with a,,(V) = —0.01(V + 34)/(exp(—=0.1(V + 34)) — 1), and
Bu(V) = 0.125exp(—(V + 44)/80); gx = 9 mS/em?, Ex = —90 mV. Other pa-
rameter values: C,, = 1 uF/cm?, g7 = 0.1 mS/cm?, so that the passive membrane
time constant is C,/gr, = 10 ms, and E;, = —65 mV.

Dendritic targeting calbindin (CB) interneurons show spike-frequency adap-
tation due to a calcium-activated potassium current and postinhibitory rebound
due to a hyperpolarization-activated cationic current [9, 10]. They are modeled
as CpdV/dt = —Ing — Ix — I, — Icq — Ikca — I — Isyn + I, where the spike-
generating Iy, and [x are the same as for the PV cells. The high-threshold
calcium current I, follows similar equations as the pyramidal cell model. For the
calcium dynamics, ag, = 0.002 uM (ms pA)~tem?, and 7o, = 80 ms. The voltage-

independent, calcium-activated potassium current I'rc, = grca([Ca*T]/([Ca®*T] +



Kp))(V — Eg), with Kp = 30uM. The hyperpolarization-activated current fol-
lows I, = gn H(V — E}), with Ho (V) = 1/(1 4+ exp((V + 80)/10)), and 74(V) =
200/ (exp((V + 70)/20) + exp(—(V + 70)/20)) + 5, E;, = —40 mV. Other param-
eter values are: gr=0.1, gno=35, gx=9, 9,=0.15, gca=1, grce=10 (in mS/cm?);
Ep = —65, Ey, = 55 and Ex = —85 (in mV).

Calretinin (CR) interneurons show irregular firing patterns [11] due to an in-
terplay between several voltage-activated ion currents. They follow C,,dV/dt =
—Ing — Ik — Ica — Ixca — Icar — INap — 11 — Isyn, Where Iy, and Ix are the
same as for the PV neuron; Iy,p is modeled as for the pyramidal neuron; and /¢,
and Ixc, are modeled as for the CB neuron. The low-threshold calcium current
Icar(V) = goarm? (V)WV — Ec,), with mo (V) = 1/(1 + exp(—(V + 59)/6.2)),
hoo(V) = 1/(1+exp((V +81)/4.4)), and 7,(V') = 7.14+52.4/(14+exp((V +74)/3)).
The maximum conductances are: g;,=0.1, gnop=0.0525, go,=1.25 (high-threshold
calcium conductance), gxca=1.0, goar=1.475 (T-type calcium conductance) (in

mS/cm?). The reversal potentials E;, = —75, Ey, = 55 and Ex = —85 (in mV).
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