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In this section we present the mathematical formulationtheffour cell types and synapses.
Each set of equations follows the same format, as we now ibesciWe divide the current
balance equation into three lines. In the first line (a) wetlie tonic input current to the cell and
the traditional spiking currents (the leak current, transisodium current, and delayed rectifier
current). In the second line (b) we list the other intringicrents of the cell (e.g., the h-current or
M-current). If no additional intrinsic currents occur, thee list this line, but leave it blank. In the
third line (c) we list the synaptic input currents to the @it the current inputs from neighboring
compartments, where appropriate. Following the currelarz® equation, we list the differential

equations for each gating variable of the cell. Please cobitta authors to obtain the simulation

code.

Superficial RS pyramidal cell

CVe = — Je — (70+Ve) — ONarMo[Ve] *he( —50+ Ve)

— OKDR,ME(95+Ve) (1a)

— 0AR.MAR, (354 Ve) (1b)

— ieSie(80+Ve) — OLSL (B0 +Ve) — Ggj, Gle (1c)

he =at[Ve] (1 — he) — Bh[Velhe (1d)

Me =0m([Ve] (1 — Me) — Bm[VeMe (1e)
Mar = OAR Ve, Vo] (1 — MaRre) — BaR[Ve, Vo] Mar, (1f)

For this neuron (and those excitatory neurons that follow)set the activation variable of the
fast sodium current to the steady state vaty@/g] defined in theAuxiliary Functions below. We
include an h-currrent (1b) in this cell with dynamics simtiathose stated in [1]; in this model, we
multiply the forward rate functiorgar in (1f), by a factor of 175 and multiply the backward rate
function, Bar in (1f), by a factor of 056. The effect of these changes is to accelerate the forward
rate dynamics and slow the backward rate dynamics, respctiWe fix the inflection point of

the sigmoid function/y = 87.5 mV (compared to the valué = 75.0 used in [1]). The effect



of this change is to decrease the voltage at which the hituactivates. The superficial RS cell
receives synapses (1c) from the superficial basket cel @véaximum conductanage) and from
the superficial LTS interneuron (with maximum conductagicg. We include electrical coupling
between each RS cell and all other RS cells. We denote thi@iogun the model equations by
the termGJe in (1c), and indicate the maximal conductance of this cawgpliy the terngy;, .

We set the parameters as followls:= —10.5(1.0), gnar, = 2000, gkpr, = 20.0, gar, = 25.0,
gie = 250, gL, = 2.5, andgg;, = 0.04. Here, and in the definitions that follow, where two values
are listed the first (second) term indicates the parametae\during high kainate (low kainate

drive following potentiation) conditions.

Superficial basket cell

CVi = —J — (65+Vi) — Onar Mo [Vi]*hi (—50+ V)

— gkor M (100+ ) (2a)
(2b)

— gaSeVi — GiiSi (75+ V) — 0ai SiVi (2c)

hi =0 [Vi] (1= i) — By [Vi] (2d)
M =0m [Vi](1—my) — B M]m (2e)

For this neuron (and the inhibitory LTS interneuron) we $et &ctivation variable of the fast
sodium current to the steady state vamg[Vi]. The superficial basket cell possesses the typical
spiking currents (2a) and receives synaptic input (2c) frleensuperficial RS cell (with maximum
conductanceye), from itself (with maximal conductancg;), and from the deep IB cell (with
maximal conductancgy). The termS; represents the summed synapses from a population of
twenty IB cells.
We set the parameters as followg:= 16.0(35.0), gnar = 2000, gkpr; = 20.0, g¢ = 1.0,
gii = 20.0, g5 = {0.035,0.055} chosen uniformly for each deep IB cell to superficial basldt c

connection.



Superficial LTS interneuron

CVL =—JL — gL, (65+ W) — Onar. Mo [VL]3h (—50+ VL)

— OkpR, M (100+V,) (3a)

—0aAR, MaR, (35+W) (3b)

—QeL St VL — GiLSL(80+WL) — 9L SL(80+ VL) — G Sa L (3c)

h. =ap VL] (1—hy) — B ML]he (3d)
ML =0m VL] (1 —mL) — By [ML]mL (3e)
MAR, =0mar VL, 75 (1 — MaR, ) — Brmas ML> 75 MAR, 1< (3f)

This neuron possesses the typical spiking currents (3aquadcurrent (3b). For the dynamics of
the h-current gating variables (3f), we use the forward aukward rate functions of [1]. The LTS
interneuron receives four synaptic inputs: from the sugi@fRS cell, from the superficial basket
cell, from itself, and from the deep IB cell (3c). We denote thaximal conductances gs , gi.,
OLL, andga, respectively. The termd, represents the summed synapses from a population of
twenty IB cells.

We set the parameters as followk: = 40.0(45.0), g, = 6.0, gnar, = 2000, gkpr, = 10.0,
0ar, = 500, g = 2.0, gi = 8.0, gL = 5.0, andga. = {0.0350.045} chosen uniformly for

each deep IB cell to superficial LTS interneuron connection.

We now state the differential equations governing the fammgartments (the apical dendrite,

basal dendrite, soma, and axon) of the deep layer IB cell.



Deep layer IB cell apical and basal dendrite

CVg = — Jg — i, (70+ V) — naryMo[Va] *ha(—50+Vg)

— OkDRy MG (95+Va) (4a)

— gcaryMBan, (—125+Vg) — OkmyMkmg 95+ Vy)
— gARMAR, (254 V4) (4b)

+0sd (—Va +Vs) — JadSedVd — 9LasL (80+ Va)

— ORANSRAN(80+Vq) (4c)
ha =0tn[Va] (1 — ha) — Bn[Va]ha (4d)
Mg =0m[Va] (1 —My) — Bm[Va] Mg (4e)
MaRy =0ARy [V, Vol (1 —Mary) — Bary [Vd, Vol Mary (4f)
MMy =0kMy[Vd] (1 —Mkmy) — Brmg [Va] Mkmy (49)
Mcak, :TC'aH(O‘CaH[Vd] (1—mcany) — BeaHVa]Mcary) (4h)

The dendritic compartments of the IB cell consists of theidsspiking currents (4a), an h-
current, M-current, and high-threshold calcium (CaH) ent(4b). The dynamics of the h-current
(4f) follow [1], and we multiply the forward and backward edtinctions by 275 and 30, respec-
tively. We setVp = 75.0 as used in [1], and note that we have increased the reversaitpal to
25 mV in (4b). The dynamics of the M-current (4g) and CaH auir{dh) follow directly from
[1], and we multiply both the forward and backward rate fimts of the latter by . The basal
dendritic compartment receives synaptic input from thepdager IB cells (maximal conductance
Jad) and from a Poisson source of IPSPs (maximal conductgrgeg). The termSy represents
the summed synaptic input from a population of twenty IBsellhe apical dendritic compart-
ment receives synaptic input from a superficial layer LT$ @eaximal conductancg, 4). Both
dendritic compartments are coupled to the neighboring sorasampartment with conductance
Osd-

We set the parameters for both compartments as follgyys= 2.0, gnar, = 1250, gkpr, =
10.0, 9cany = 6.5, gkmy = 0.75,0sg = 0.2.

Five parameters differ for the apical and basal compartsnenthese are:Jq[apicall=
23.5(25.5), Jg[basall= 23.5(42.5); gag[apicall= 0.0, gag[basall= 0.0(0.04); gar[apicall= 1550,
gar[basalE 1150; gran[apicall= 0.0, gran[basallE 1250; and g.qg[apicall= 4.0,
OLg[basall= 0.0.



Deep layer IB cell soma

CVs = — Js— (70+Vs) — nar.Mo[Ve] *hs(—50+ Vs)

— OKDRME(95+ V) (5a)

(5b)

+ Gas(Va — Vs) + 9as(VE — Vs) + gas(VY — Vs) (5c)

hs =an[Ve] (1 — hs) — Bn[Vslhs (5d)
M =0m[Vs] (1 — Ms) — Brn[Vs] Mg (5e)

The somatic compartment of the IB cell consists of typicakisg currents (5a) and is coupled
to the neighboring dendritic (apics|f, and basavdb) and axonal compartments with maximal

conductances afss andggs, respectively (5c¢).

We set the parameters as followds = —4.5, gnar, = 50.0, gkpr, = 10.0, gas = 0.3, and
Jgs = 0.4.

Deep layer IB cell axon

CVa = — Ja— gL, (70+Va) — Onar,Mo[Va] *ha(—50+ Va)

— OKDR, M4 (95+Va) (62)

— OKMaMKM, (95+Va) (6b)
+Gsa(Vs — Va) — 0gj,GJa (6¢)

ha =0in[Va] (1 — ha) — Bn[Valha (6d)
e =0m[Va] (1 — Ma) — Br[Va]Ma (6e)
MM, =0kMa[Val (1 —Mkm,) — Brma[ValMkm, (61)

The axonal compartment of the IB cell consists of typicaksyg currents (6a) and an M-current
(6b). The dynamics of the M-current gating variable (6fJdal [1] and we multiply the forward
and backward rate functions by5land 125, respectively. The axon is coupled to the neighbor-
ing somatic compartment with maximal conductagge Each axon is also coupled — via gap
junctions — to all other axons in the 1B cell population. Wendte this coupling in the model
equations by the terr®J; in (6¢), and indicate the maximal conductance of this cagpby the

termgg;, .



We set the parameters as followk:= —6.0(—0.4), g, = 0.25, gnar, = 1000, gkpr, = 5.0,

OkM, = 1.5, 0sa = 0.3, ggj, = 0.002.

Synapses

Each synapse evolves according to:

VPRE

& | 1-%
0

§o= -
de Trx

(14 tanh(

(7)

wherety, is the decay time for synapset;, is the rise time for synapse andVpgregis the voltage

of the presynaptic cell [2, 3]. We list in Table | the values foe decay and rise time of each

synapse.

TABLE I: Synaptic rise and decay times. The rows and columdgate the presynaptic and postsynaptic

cell types, respectively. When a pair of numbers is listiee first is the synaptic rise time and the second is

the decay time. When no number is listed, no synapse conraetsolumn pair.

RS pyramidal cell|Basket cell| LTS interneuron| B cell
RS pyramidal cell 0.25/1.0 0.25/1.0 25/1.0 —
Basket cell 0.5/5.0 0.5/5.0 0.5/6.0 —
LTS interneuron 0.5/20.0 — 0.5/20.0 0.5/20.0
IB cell — 0.25/1.0 2.5/50.0 0.5/100.(¢

Auxiliary Functions

Numerous auxiliary functions occur in the equations. Thaskide my andmg anday[V] and

Bx[V]. We define the latter two functions (the forward rate funciémd backward rate function,

respectively, for current) in terms of the equilibrium functiomt. V] or h.[V]) and time constant

(Tm[V] or Tp[V]).



NaF and KDR currents for excitatory cells and compartmetits [

moV] = 1/(1+exp((—V — 34.5)/10)) (8a)
he[V] = 1/(1+exp((V +59.4)/10.7)) (8b)
V] = 0.15+ 1.15/(1+ exp((V + 33.5)/15)) (8c)
Mw]V] = 1.0/(1.0+ exp((—V — 29.5)/10)) (8d)
Tm[V] = 0.25+ 4.35exg— ||V + 10|| /10) (8e)

NaF and KDR currents for inhibitory cells [4]:

mo [V] = 1.0/(1.0+exp((—V — 38.0)/10.0)) (9a)
he V] = 1.0/(1.0+exp((V +58.3)/6.7)) (9b)
Th [V] = 0.225+ 1.125/(1.0+ exp( (V + 37.0) /15.0)) (9c)
Me, V] = 1.0/(1.0+exp((—V — 27.0)/115)) (9d)
Tm[V] = 0.25+ 4.35ex—||V + 10.0||/10.0) (9e)

AR current (or h-current) [1]:
Meos [V, Vo] = 1.0/(1.0+exp((V + Vo) /5.5)) (10a)
Tmas [V] = 1.0/ (exp(—14.6 — 0.086V)
+exp(—1.87+0.0MV)) (10b)
M-current: For this current we define the forward and backiwate functions [1].
akm[V] = 0.02/(1.0+exp((—V — 20)/5) (11a)
Bkm[V] =0.01exfd(—V —43)/18) (11b)
CaH current: For this current we define the forward and baottwate functions [1].
dcaHV] = 1.6/(1.0+ exp(—0.072V —5)) (12a)
BcanV] = 0.02(V +8.9)/(exp((V +8.9)/5) — 1) (12b)
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