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1 Model of the 1:1 BKc,-CaV complex

First, we justify the product formulation for the voltage and Ca?t-dependent rate constants k~
and kT (Egs. 2 and 3 in the main text). We assume (i) that, for fixed Ca?* concentration
(Ca), BKc, activity is described by a Boltzmann function, and (7) that the slope parameter of
the Boltzmann function is independent of Ca, a reasonable assumption for Ca?* concentrations
above 1 uM (1-3) as expected in BKc,-CaV complexes (2, 4). Based on assumption (i), we
express the rate constants by the standard expressions

k™ (V,Ca) = o~ (Ca)e =@V kH(V,Ca) = 0 (Ca)e = OV,
The open fraction of BK¢, channels is then

kT (V,Ca) 1

DYoo = k=(V,Ca) + k+(V,Ca) _V—Vg(Ca)

1—¢ SolCa)

where we have highlighted that in principal V) and Sy depend on Ca. In particular the slope

parameter is given by
1

Wyz(Ca) — wgy(Ca)’
and from assumption (i) we obtain that w,y(Ca) is equal to wy,(Ca) except from a constant

independent of Ca. We make the simplifying assumption that also wy, and w,, are independent
of Cla. Finally, writing

So(Ca) =

@ (Ca) = wy f~(Ca), @ (Ca) = wi [ (Ca)

we obtain Eqs. 2-5 in the main text.

We couple the two state (closed and open) model for the BK ¢, channel (see Methods, Table S1
reporting the optimal model parameters, and Figure S1 showing a representation of the model
and the fits to the data) with the three state (closed, open and inactivated or blocked) model for
the CaV channel (see Methods and Table S1). Figure 1A in the main text shows a cartoon of the
model of the 1:1 BKc,-CaV complex, where C X, OX and BX correspond to the closed state
for the BK¢, channel (X) coupled with the closed (C'), open (O) and inactivated (B) states for
the CaV, respectively, and CY, OY and BY correspond to the open state for the BK¢, channel
(Y') coupled with the closed (C'), open (O) and inactivated (B) states for the CaV, respectively.

The parameters k. and k, (kI and k) are defined by Eq. 2 (Eq. 3) of the main text with
Ca equal to Ca. and Ca,, respectively. Ca, is the concentration at the BKc, channel when the
associated CaV is closed (or inactivated, i.e. Ca. = Cap) and is set equal to 0.2 uM (background
Ca?t concentration). Ca, is the concentration at the BKc, channel when the CaV is open and
is given by

T

[ Dca ’
kL [Brotal]
where icqa = goa(V — Viog) is the single-channel Ca?* current, and » = 13 nm the distance
between CaV and BKc, channels (2, 4). At V =0 mV, Ca, ~ 19 uM. Other parameters are
given in Table S2 (2). Note that for the parameters used here (Table S1), k' ~ 0 (i.e., the

probability of BKc, opening when the CaV is closed is practically zero).

)
Ca, _ Ga exp

= 8nrDeoF (S1)
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Figure S1: BKca channel model: fit to the data. (A) Schematic representation of the
model, where X and Y indicate the closed and open states of the BKc, channel. (B) Steady-
state BK, open probabilities vs. voltage at different Ca?*concentrations (different markers for
different Ca?* levels as indicated in the legend) and the corresponding fit obtained by the model
(dashed lines). (C)-(G) Time constants (in ms) vs. voltage data at given Ca*concentrations
(see legend in panel B), and the corresponding model fits (dashed lines).



Table S1: Optimal model parameters for the BKc,-CaV complex.
BK, channel model described by Eq. 1 of the main text

Parameter Value Unit
wy 3.32 ms~!
war 1.11 ms !
Wyg 0.022 mV~!
Wiy —0.036 mV~!
Ky, 0.1 uM
Ky 16.6 uM
Nyz 0.46 -
Ny 2.33 -

CaV activation described by Eqgs. 16 and 17 of the main text

Parameter Value Unit

o 1.2979 ms ™!
a1 —0.0639 mV~!
Bo 1.0665 ms !
b1 0.0703 mV~!
P 0.309 -

Table S2: Parameters for calculating Ca?t at the BKc, channel taken from (2).

Parameter | Value Unit
T 13 nm
D¢y 250 pm? s71
F 9.6485 | C mol™!
kg 500 | pM~t st
Btotal 30 :U’M
Vea 60 mV
Jca 2.8 pS




1.1 Monte Carlo Simulations

We perform Monte Carlo simulations for the devised complex in order to model its stochastic
gating. Initially the CaV and BKc, channels are closed. Then, for both the channels, the
transitions from one state (closed, open or inactivated for CaV, closed or open for BKc,) to the
others are given by the procedure explained below. First, we define the transition matrices for
the CaV,

[P[C,t+ At|C,t] P|C,t+ At|O, ] 0
Qcav = |P[O,t+ At|C,t] P[O,t + At|O,t] P[O,t+ At|B,t]
i 0 P[B,t+ At|O,t] P[B,t+ At|B, 1] (2)
1 — aAt BAt 0
= | aAt 1-BAt—6At At |,
0 SAt 1 — At
and for the BK channel,

0 _[P[X,t+ AtX, 1] PIX,t+ At]Y, 1]

BRca = | Py, t + At|X,t] P[Y,t+ At|Y, ] (s3)

C[1—kTAt kAt
| ETAt 1—-kTAt

where the elements correspond to the transition probabilities between the indicated states in the
time interval [t,t + At], provided that At is small.

At any time point, we compute the state of the BKc,-CaV complex according the following
procedure. We choose a random number £ uniformly distributed on the interval [0, 1] for the
CaV channel, and make a transition based upon the subinterval in which £ falls. For example, if
the CaV channel is open (O) (see the second column of Qc,y defined by Eq. S2), it remains open
if &€ <1— BAt— JAt, while a transition to the inactivated (B) state occurs if £ > 1 — At — 0At
and £ < 1 — BAt, otherwise (£ > 1 — At and £ < 1) a transition to the closed (C') state occurs.
Similarly, we choose a random number 7 uniformly distributed on the interval [0, 1] for the BKc,
channel, and make a transition based upon the subinterval in which 7 falls. Note that the Ca’*t
concentration for the BK¢, channel at any time point is determined by the state of the CaV
channel. This procedure is repeated for every time point to achieve the Monte Carlo simulations.
We used At = 0.01 ms. Smaller time steps were checked and gave identical results.

1.2 Time to first opening and phase-type distributions

The continuous-time Markov chain Z in Figure 1A in the main text takes values in the state space
S ={CX,0X,BX, BY,CY,0OY}. We denote its initial distribution by A and its generating
matrix by ), where

[—a — kF a 0 0 kt 0 i
B B-6-kf ¢ 0 0 kit
B 0 v —y — kI kF 0 0
@= 0 0 k- —y =k 0 v
k. 0 0 0 —a—k; o

0 ko 0 5 8 —B-6—k]
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Figure S2: Time to first opening for the 1:1 BKc,-CaV complex. Left: Three Markov
chain realizations for the 1:1 BK¢,-CaV complex. Right: The empirical fraction of BK ¢, channels
that exhibit the first channel opening before ¢ (red) and the theoretical expression P(Tcx,y < t)
(black) from Eq. 22 of the main text. Note that in the second and third examples of Markov
chain realizations, the CaV inactivates early before the BK ¢, channel opens, and only later when
the CaV reactivates (at ~50 ms and ~70 ms) does the BKc, open for the first time. Such cases
cause the late, slowly rising phase in the right panel, whereas the more typical case where the
BK(, channel opens early (as in the first example shown on the left) creates the rapid early rise
in the right panel.

Assuming that kI = 0, the generating matrix ) become

-« o 0 0 0 0

B —B-6—kF § 0 0 kF

10 ¥ — 0 0 0
@=1y 0 ke vk 0 y (54)

k. 0 0 0 —o—k; o

| 0 k, 0 ) 15} —pB—0—k, |
Define the random variable

H=inf{t>0: 27, € {CY,0Y,BY}}, (S5)

i.e., the (random) time to first opening, which can be described with phase-type distribu-
tion theory (5). We are interested in evaluating its conditional distribution and expectation,
given that Zy = CX, i.e., with the initial distribution A = (1,0,0,0,0,0). Defined Sy =
{CX,0X,BX,BY,CY} and the matrix Q@ = (¢i;)ijes,, & simple application of phase-type
distribution theory yields Eqgs. 21 and 22 of the main text, as shown in “Time to first opening”
in the Results section. Figure S2 shows that the simulated first opening times are well described
by Eq. 22 of the main text.



2 Time-scale analysis and model simplifications

2.1 ODE model of the 1:1 BKc,-CaV complex

The deterministic description of the complex, corresponding to the Markov Chain described
above, is given by the following ODE system

d _
ZCtX = k_pcy + Brox — (kI + a)pex, (S6)
d _
Ziy = klpox + Bpoy — (k; + a)pcy, (S7)
d _
ZiX = k,povy + apcx +vpex — (kI + B+ d)pox,
(S8)
dpoy  _ s ko 5
i +pox + apcy +ypy — (k, + B+ d)poy,
(59)
dpx - s T S1
3 lepsy + opox — (k. +v)pBX, (S10)
d _
Ziy = klppx + dpoy — (k. +7)pBY, (S11)

where pz, with Z € {CX,CY,0X,0Y, BX, BY }, represents the probability of the complex to
be in one of the six states of the model. Then py = poy + poy + ppy. In the following, we
assume kI = 0.

2.2 Model simplification

As explained in the Results section, since re- and inactivation of CaVs are slower than (de-
)activation, the ODE model defined by Egs. S6-S11 can be split into two submodels with re-
spectively 4 and 2 states (the green and blue boxes in Figure 1A in the main text). Then, by
considering only the activation of the BKc,-CaV complexes with non-inactivated CaV, and ex-
ploiting the relations pcy +poy = mpk, pox +poy = mcav, and pox +pocy = 1—mgoay, where
mpr and mgg,y are the BKc, and the CaV activation variables, respectively, BK¢, activation
can be modeled by the two following ODEs,

dpcy

dt Bmpr — (k. + o+ B)pey, (S12)
d
nzifK = mCaVk;_ + (k;_ +k, +a+ 6) pcy — (k‘;’— +k, + B)mpk, (S13)

with mogy modeled by Eq. 18 of the main text. Assuming quasi-steady state for poy (dpd% ~0)
then yields

B

S — 314
ke +atp K (514)

bcy =

By substituting Eq. S14 into Eq. S13, we achieve a single ODE describing the dynamics of BK¢,
activation in complexes with non-inactivated CaV,

d kf + k) (ko k.
MBK :mCa\/k:_ ( o + o)( c +Oi)+5 c
dt a+ B+ ks

MmpBK. (815)
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Figure S3: Time scale analysis for the 1:1 BKc,-CaV complex. Model parameters as
function of voltage, showing that the transitions described by «, 8 and k. are the fastest. This
fact leads to a separation of time scales, as shown by the black curve illustrating ¢, /tm, in
Eq. S18, which is always less than 0.33, and for most voltages considerably smaller.

Therefore, the equilibrium open fraction of the BK@, channels in complexes with non-inactivated
CaV, mpk ~, and the corresponding time constant, gk, are given as in Eq. 24 of the main text.
Coupling the one state model for the BK¢, activation (Eq. S15) with the inactivation of
the CaV channel allows us to reproduce the dynamics of the BKg,-CaV complex described by
Egs. S6-S11 and the corresponding Monte Carlo simulations (see Figure 1 in the main text). In
particular, the open probability of the BK¢, channel, py = pcy + poy + pBy, can be described

by
py = mpkh, (S16)

where h is the fraction of non-inactivated CaV (see Egs. 15 and 20 of the main text).

2.3 Time scale analysis

For a more formal analysis, we follow (6). The quasi-steady state approximation for pcy is valid
when the time scales of the two variables in question differ, i.e., t)., < tmy,, Where t,,, is
the time scale of changes mpx after an initial (fast) transient, i.e., when the approximation
is consistent (6). The (fast) time scale for pcy is given from Eq. S12, assuming that mpx is
constant, as

1
t = —. S17

The (slow) time scale for mpg is given as the time scale of mpx assuming that the quasi-steady
state approximation holds, i.e., t,,, = 7Bk in Eq. 24 of the main text. Then

troy _ (kg +k3)(ke +a) + kg (S18)
tmpk (a+ B+ ke )? 7

which is small (Figure S3).
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Figure S4: Model responses to different voltage steps for the 1:1 BKc,-CaV complex.
(A) Voltage steps from -80 mV to from -40 mV to 40 mV in 20 mV increments for 20 ms and then
back to -80 mV. Simulated CaV currents in response to the different voltage steps obtained from
(B) the 7-state Markov chain model (see (2); gray), (C) the ODE model corresponding to the 3-
state Markov chain model (Egs. 13-15 of the main text; blue), and (D) the corresponding model
assuming instantaneous activation mcev = Mcav.eo (EQ. 20 of the main text; green). Simulated
BK(, currents in response to the different voltage steps obtained from (E) the original 70-state
Markov chain model (see (2); gray), (F) the ODE model corresponding to the 6-state Markov
chain model (Egs. S19-S24; blue), (G) the simplified Hodgkin-Huxley-type model (Eq. 25 of the
main text; red), and (H) the corresponding model assuming instantaneous activation mecqy =
MCaV,00 (green; see main text). Each trace is the sum of 1000 single complex responses.
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Figure S5: Model responses to a simulated AP generated by a model of hypothalamic
neurosecretory cells (7). (A) Simulated AP. (B) Simulated CaV currents in response to the
simulated AP obtained from the 7-state Markov chain model ((2); dotted gray), the ODE model
corresponding to the 3-state Markov chain model (Egs. 13-15 of the main text; solid blue), and
the corresponding model assuming instantaneous activation mcqv = mcav,co (Eq. 20 of the main
text; dash-dotted green). (C) Simulated BK ¢, currents in response to the simulated AP obtained
from the original 70-state Markov chain model ((2); gray), the ODE model corresponding to the 6-
state Markov chain model (Eqgs. S19-524; solid blue), the simplified Hodgkin-Huxley-type model
(Eq. 25 of the main text; dashed red), and the corresponding model assuming instantaneous
activation mcqy = Mcav,eo (dash-dotted green; see main text). Each trace is the sum of 1000
single complex responses.

2.4 Responses of the 1:1 BK¢,-CaV complex to voltage steps and AP

Figure S4 shows the current response of the 1:1 BK¢,-CaV complex to different step voltages
(Figure S4A). The whole-cell CaV current for the 3-state ODE model (Icqv = Neoovgoamcavh,
where N¢oy = 1000 is the number of CaV channels, g, is defined in Table S2 and mg,y and h
are given by Eqs. 13-18 of the main text) approximates the 7-state Markov chain model (2) current
very well for each step voltage (Figure S4BC). Also, the further simplification for the 3-state ODE
model assuming instantaneous activation of the CaV currents (mcqv = Mcav 00, green plots in
Figure S4D) provides a good approximation of the Monte Carlo simulations. The whole-cell BK ¢,
current for our simplified 6-state Markov chain model (Ipx = Npxgpkrpy, where Npg = 1000
is the number of BK¢, channels, ggx = 100 pF is the single BK¢, channel conductance (8)
and py is given by Egs. S19-524) approximates the 70-state Markov chain model (2) current
very well for each step voltage (Figure S4EF). Moreover, our simplified Hodgkin-Huxley-type
model current for the BKc, channel (Eq. 25 of the main text; red plots in Figure S4G), and
the corresponding model assuming instantaneous activation of the CaV currents (green plots in
Figure S4H) also works very well.

Figure S5 shows the current response of the 1:1 BKc,-CaV complex to a simulated action
potential (AP) generated by a model of hypothalamic neurosecretory cells (7) (Figure S5A).
As for the voltage step response case, the whole-cell CaV current for the 3-state ODE model
approximates the 7-state Markov chain model current very well (see solid blue and dotted gray
plots in Figure S5B). However, the further simplification for the 3-state ODE model assuming
instantaneous activation of the CaV currents (dash-dotted green plot in Figure S5B) determines
an additional early peak of current and a faster decay. For the whole-cell BKq, current, the peak
obtained from the 70-state Markov chain model is lower than that obtained from our simplified

10



models (Figure S5C). This discrepancy is likely due to an overestimation of the BK¢, activation
time constant of BK, model devised by Cox (2) at specific Ca, (compare the left lower panel
of Figure 2D in (2) with Figure S1D, where Ca, = 22 uM). The slower time constant prevents
complete activation of the BKg, channels for Cox’ 70-state Markov chain model during the
imposed AP.

3 Model for BK, activation in complexes with k£ non-inactivated
CaVs and its approximation
For the case of 1:n BKc,-CaV stoichiometry, we split the system according to the number k of

non-inactivated CaV channels. Then the equivalent 1:k BKg,-CaV complex can be described by
the following ODE system:

dil% = Bpc,_,ox + k. po,y — (ka+ kN)pe, x (S19)
dp;ka = Bpc,_,ov + ke, x — (ka+ k. )pc,y (S20)
CWY = (L +1)Bpc;_(41)0i1x + (k= (i = 1)apco,_,_1)0,1x
+ kypc, oy — (k—i)a+if+k;)pe,_o.x, i=1,....,k—1 (S21)
CW = (1 +1)Bpc,_11)0iay + (k= (i —1))ape,_,_1,0i 1Y
+ krpe, oix — (K —i)a+iB+k)pc, 0y, i=1,....k—1 (S22)
dpc(l):X = apcoy,_,x + kypoyy — (kB + ki )pogx (S23)
dpgth = apco,_,y + kpo,x — (kB + k. )po,y (S24)

where, e.g., pc,_,0,x and pc, _,0,y correspond to the probability of having k£ —i closed and 7 open
CaVs coupled with the closed (X) and open (Y) BKc, channel, respectively. The activation of

the BK, surrounded by k£ non-inactivated CaVs, mgﬂ}(, is then

k—1
k
mﬁgk = pc,y + chk_ioiy + PO,y - (S25)
i—1
By taking into account that

pox = (1—mea)* —peyy (S26)

k i .

PC_i0;X = <Z> (1 —meav) " mbay — poy_orvs i=1,...,k—1

(S27)
POLX = MEay — POLY (S28)

11



and renaming the state variables as follows

(S29)
(S30)

(S31)

(S32)

(S33)

(S34)

(S35)

Py, = DPCLYy
Pyy, = PC,_10y +pYO
Py; = DPC,_;0,Y tPY;, ,
m® _
BK =PV, = DOy TPy,
we can reduce the ODE system from 2(k + 1) to (k + 1) equations.
Moreover, assuming the quasi-steady state approximation for py,, with ¢ =0,...,k — 1,
dpy.
3 — 0
dt ’
then
Py, = Aipy, + D1
py; = Ait1py,,, + Dina
k
Pvi 1 = Axmigl + Dy
where (for brevity, m = m¢cqv)
_ b ~ B
Ay = — = -
ka+B+ks +ki  ka+B+k:
B k(1 — m)k ~
ka4 B4k + kI
ip
A = =2,...,k
1 B ) )
i—1 k i-1 j—1
Z ( k ]mj c_ D1+ZDj (HAl> /Bz
j=1 J =2 =1
i—2 i-1 -1
k+ —l—]{} ) (1—Aj> Dj+1—|- Z D; H A, —Dj /Bz
j= 1 I=j+2 m=j+1
(+( (i =)t k) + ki 1)>Di_1)/BZ-, i=2,. .k
with

i—1

(=G =)+ Ky + k) 1= A +iB+ k7 | T] 4

j=1

&
I

[\

1—

+ (k(jj+k(;j)(1—Aj) l:IAl L i=2.. ..k
j=1 I=j+1

12



Then

k k 7—1
Py, = HA] m(g;(—FDiJrl—}—ZDj(HAl>,i:0,...,k—1
J=1 j=i+2 I=i

k k j—1
pbc.y = H Aj mg}{ + D1 + Z Dj (H Al>
=1

Jj=1 Jj=2

k k i1
peoy =1 =A4) | [ 4 migg + (1= A7) | Dis1 + > D ( 11 Al)

j=i+1 j=i+2 l=i+1
D, i=1,... k-1

poy = (1 — Ayg) m%% — Dy,

Finally, we achieve one ODE for describing the dynamics of the BK¢, activation with & non-
inactivated CaVs:

E k
d”;% - Z <k’> (1= m)" mikl — ko poy — Y (k;; + ko_j> PCy—;0;Y

=1 =1
k o k i—1
= {Z (,)(1—m)k_’m’k‘;;—kc_ Dl—l—ZDj <H Al>
=1\ j=2 =1
k-1 k j—1
=3 (K + k) | =49 [ D+ 0 D ( I1 Al> _D;
i=1 j=i+2 I=i+1
+ (kg + kip) Dn} (S36)
k k—1 k .
— [+ ) = A + g T4+ 30 (k5 + k) 0= 40 T 45| mifie
j=1 i=1 j=it+1

Therefore, the activation time constant of the BK, channels in complexes with k& non-inactivated

CaVs, 71(3]?{, is the inverse of the expression in square brackets in Eq. S36, whereas the BKq,

equilibrium open fraction, mg?( ~> is equal to the product of Tékf)( and the expression in curly

brackets. Note that Tékl){ depends only on parameters, whereas mg}{ depends also on mgg.y via
D;.

If assuming instantaneous activation of CaVs, we have

k i .
PCk,iOiY - (’L> (]- - mCaV,oo)k ZmZCaV,oopYa 1= 07 ey ka

13



and (cf. Eq. 29 of the main text)

k

dm®) bk —i, i - iy
% - Z <Z> (1 - mC’aV,oo)n Z77”LzCaV,<>ok:iJ<r) - kc bcyy — Z (kj] + koj) PCy—i0:Y
i=1 =1

k
k —i, 1
- Z <Z> (1 - mCGV,OO)k mCaV,ook;; (837)
=1

k

_ k —i, i -

— ((1 — mCaV,oo)kkc + E <Z> (1- mCaV,oo)k MCaV,00 (k; + koi)) MBK-
=1

4 Whole-cell models

4.1 Hypothalamic neuronal model

We extended a model of electrical activity in hypothalamic neurosecretory cells (7) with our
devised BKc,-CaV model. The model is described by

dv 1

E:_a(IBK+ISK+IK+IA+INa+ICa+Ileak)- (838)
where Igx and Igk represent the calcium- and voltage-dependent K+ currents carried by BK and
SK channels, respectively; I and I4 denote the delayed rectifier and the A-current respectively;
Iy, represents the sodium current and I, the calcium current. C' is the membrane capacitance
and is equal to 1 puF cm™2,

We modified the calcium current and inserted our whole-cell BK, model in place of the
original representation of BK¢, currents. In particular, according to experimental data (9, 10),
we introduced CaV activation dynamics, whereas the original model assumed instantaneous
activation of CaVs, and modified the equilibrium voltage-dependent activation. Then

IC& = gCamCaV(V - VCa) (839)

where gcq and Vg, are the maximal whole-cell conductance and the Ca?t reverse potential,
respectively (7). mgqy is defined by Eq. 18 of the main text, with ¢,y = 1.25 ms. For the equi-

V-V \ —1
librium voltage-dependent activation, given in (7) and defined by mcay.eo = (1 +e Fm ) )
we modified the V,,, parameter of the Boltzmann function (V,, = 15 mV).

The Ipg current is modeled by Eq. 28 of the main text, where the BK¢, activation, mg})(, is

given by Eq. 26. Moreover, we also considered the case where the activation of the BK¢, channel
is given by the complete ODE model described by Eqgs. S19-525, and the case where the BK¢,
activation is simplified by assuming instantaneous activation of CaVs (see Eq. S37 and Eq. 29 of
the main text).

The other currents are expressed as (7)

Isk = 95k qa(V = Vi), (540)
Ix = gemi(V = Vi), (S41)
Iy = gamiiha(V — Vi), (S42)

INa = gNa[MNac0(V)]* hve (V = Viva), (543)

licak: = Gieak(V = Vieak), (S44)
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Figure S6: Whole-cell simulations for the neuronal model (7) with the devised BK ca-
CaV model. Simulated APs with the BKc, channels coupled in complexes with n non-
inactivating CaVs (n = 1, left panel; n = 2, middle; n = 4, right). In each panel, the whole-cell
BKca current is described by Eq. 28 of the main text (i.e. BK¢, coupled with non-inactivating
CaVs), where the BK¢, activation, mg})(, is modeled by the full ODE model described by
Egs. S19-S25 (blue curve), by Eq. 26 (see Eq. S36 for the details) (red curve), and by Eq. 29
(green curve), and gpr = 1 mS cm~2. The black curve shows the case of BKc, block (gpx = 0
mS cm~2).

where the voltage-dependent activation variables, mx (and similarly inactivation variabels, hx,
where X denotes the type of current), follow

dmx _ mxeo(V) —mx (S45)
dt TmX ’

where 7,,,x (respectively 7j,x) is the time-constant of activation (respectively inactivation for
hx), and mx o (V) (respectively hx oo (V')) is the steady-state voltage-dependent activation (re-
spectively inactivation) of the current, described with Boltzmann function. gy represents the
whole-cell conductance of the channel X and Vx the reverse potential. ¢ is the calcium-
dependent activation function for Igx (see Appendix in (7) for parameter values).

Figure S6 shows the simulated AP in this neuronal model with 1:n stoichiometry BKc,-CaV
complexes, where n = 1, 2 or 4. The BK, activation is modeled by the complete ODE system
described by Eqgs. S19-S25, by Eq. 26 of the main text, or by Eq. 29. The simplified model
(Eq. 29) is not able to reproduce the fast after-hyperpolarization (fAHP), whereas the other two
models, which take CaV activation dynamics into account, show how increasing the number of
CaVs coupled with BK@, helps to generate fAHP. The difference associated with the choice of
the BK ¢, model suggests that the neuronal model is sensitive to the kinetics of BK ¢, activation.
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4.2 Human S-cell model

The human S-cell model (11) is as follows. The membrane potential is described by

av

i —Upk + Ikv +Ingrc + INa + Icar + Icapg + Icar + Ik AP + Licak), (546)

where the BK¢, current Igg is modeled assuming that BKg, channels are located in com-
plexes with either T-type, L-type or P/Q-type Ca?t channels. In particular, Iz is described by
Eq. 27 of the main text (with inactivating T- and L-type CaVs) or Eq. 28 (with non-inactivating

P/Q-type CaVs), where the BK¢, activation, mg}(, is modeled by Eqs. S19-S25 (full model),
Eq. 26, or Eq. 29 (instantaneous CaV activation). As shown in Figure S7, the model is quite
robust to the choice of BKg,-CaV model.

The other currents are

547)
548)
549)
S50)
)
)
)
)

Iy = gromis(V — Vi),
Inerc = gueremueErchuErc(V — Vi),
Ing = gNaMNaoo(V)hNa(V = ViNa),
Icar = gcarmcar,co(V)hcar(V — Vea),
Icarq = 9caPQMcarQ,00(V)(V = Vi),
Icar = goarmcar,co(V)hcar(V — Vea),
Ixarp) = 9xarp)(V — Vi),
Licak = Gieak(V — Vieak),

S51
552
553

(
(
(
(
(
(
(
(S54
where activation variables (and similarly inactivations variabels, hx, where X denotes the type
of current) follow
dmx mX,oo(V) —mx

at TmX ’ (855)

where 7,,x (respectively 71, x) is the time-constant of activation (respectively inactivation for
hx), and mx o (V) (respectively hx oo(V')) is the steady-state voltage-dependent activation (re-
spectively inactivation) of the current. The steady-state activation (and inactivation) functions
are described with Boltzmann functions,

1

mx,eo(V) = 1+ exp((V = Viux)/nmx)’

(S56)

except

hoar.ee(V) = max (0,min {1,1 + [mcar.co(V)(V = Via)]/57mV} ), (S57)

for Ca?*-dependent inactivation of L-type Ca?* channels. The time-constant for activation of
Kv-channes is assumed to be voltage-dependent (11, 12),

10exp (=2my=Y for V> 26.6 mV,
e = {Tm[{wo + exp( 6mV ) ms, or V > m (S58)

TmKv,0 + 30 ms, for V < 26.6 mV.

We refer to the original paper (11) for details regarding modeling of the different currents.
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Figure S7: Whole-cell simulations for the human $-cell model (11) with the devised
BKca-CaV model. Simulated APs with BK¢, channels located in complexes with n T-type
(left panels), L-type (middle), or P/Q-type (right) CaVs (n = 1, upper panels; n = 2, middle;
n = 4, lower). The S-cell model shows little sensitivity to the choice of BKc,-CaV model. In each
panel, the whole-cell BK¢, current is described by Eq. 27 of the main text (with inactivating T-
and L-type CaVs) or Eq. 28 (with non-inactivating P/Q-type CaVs), where the BK(, activation,
m") . is modeled by the full ODE model described by Eqs. $19-825 (blue curve), by Eq. 26 (see
Eq. S36 for the details) (red curve), and by Eq. 29 (green curve). Left subpanels show fit to data

from (12), right subpanels report model simulations. The black traces show simulations with
BKc, block.
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4.3 Pituitary lactotroph model

We extended a pituitary lactotroph model (13) with our concise Hodgkin-Huxley-type model
of the BKc,-CaV complex (Eq. 28 of the main text). The original model includes a single
Ca%t current (I¢y), a delayed-rectifier K+ current (Ic), a Ca?t-gated SK current (Igg), and a
leak current (Ijeqk), in addition to the BK current. The membrane potential V' evolves in time
according to

CE = —(lca + Ik + Isk + Ik + licak), (S59)
where C' is the membrane capacitance. The currents are modeled as
Ica = gCamC’aV,oo(V)(V - VCa)v (860)
Ix = grn(V —Vg), (S61)
Isk = gskse([Ca])(V = Vi), (562)
Diea = q(V —WV), (563)
Ipk = gormgk(V = Vi), (564)
where the activation variable of the delayed rectifier is given by
dn  ne(V)—n
—_— = S65
dt Tn (S65)
The equilibrium functions are described as
meavieo(V) = [L+exp((vm — V) /sm)] L (S66)
Noo (V) = [L+exp((vn —V)/sn)] 71, (S67)
[Ca)?
o ([C = —. S68
sllCa) = e (565)
The differential equation for the cytosolic Ca?t concentration is
e
[ dta] = —fulalca + k[Cal)). (S69)

Table S3 reports the parameter values of the pituitary model (13).
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Table S3: Parameter values of the pituitary model (13).

Parameter | Value Unit
C 10 pF
9dCa 2 nS
Vea 60 mV
U -20 mV
Sm 12 mV
Ik 3 nS
Vi -75 mV
Un -5 mV
Sn 10 mV
gsk 1.2 nS
ks 0.4 uM
9BK 1 nS
g1 0.2 nS
Vi -50 mV
fe 0.01 -
a 0.0015 | puM fC—1
ke 0.12 ms~ !
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