
Supplementary Material

S1 Mathematical Model

Global variables used are listed in tables S1.

Table S1: Global variables used in the model.

Variable Value Variable Value

vessel length 2000 µm diameter 40 µm
F 96485 C

mol
R 8341.0 mJ

K·mol

T 293.0 K
Caext 1.5 mM Naext 140.0 mM
Kext 5.0 mM Clext 146.0 mM

SMC specific parameters EC specific parameters

Dimensions 63 × 6.3 × 5 µm3 Dimensions 100 × 7.8 × 1 µm3

Fscl 3/8 Fscl 2/16
Am 20 · 10−6 cm2 Am 14 · 10−6 cm2

Cm 20 pF Cm 14 pF
voli 1.0 pL voli 1.173 pL
volS 0.077 pL volS 0.335 pL
volCa 0.7 pL volCa 0.911 pL

All electrophysiological models were adapted from [2, 1], i.e. (only) the
maximal activity parameters were adjusted to fit IV-curves from cerebral
arterioles.
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Table S2: Diffusional parameters used in the model.

DCa DNa DK DCl

Dc [m
2

s
] 2.5 · 10−10 6.0 · 10−10 15.0 · 10−10 10.0 · 10−10

S1.1 Diffusion Models

Grid specific directional diffusion constants are calculated via DX = K ·Dc,
where K = A

V ·l is the grid specific constant (A: Diffusional area, V : grid
volume, and l: length of grid volume in the diffusional direction). In the
longitudinal directions K = 26.0 ·109 1

m2 and in the circumferential directions
K = 16.6 · 109 1

m2 .
At each grid point in the discretization, the diffusional contribution to

electrolyte concentrations, X equal to Ca2+, Na+, Cl− or K+ are calculated
by:

∂tXdiff =
N∑
DX (yX,j − yX,i)

where subscript i refer to the current grid and j to the neighboring grid (N
neighbors in total).

S1.2 Gap Junctional Current Models

The models of gap junctions are equivalent for homo- and heterocellular gap
junctions and apply to both ECs and VSMCs.

y∗ denotes the relevant variable in the neighboring cell. Permeability
parameters, PGJ are either:

PGJhet = 3.53 · 10−7nL/s,
PEC,GJhom = 4.6 · 10−5nL/s,
PV SMC,GJhom = 3.13 · 10−6nL/s

GJX =

PGJF
2z2X (yVm − y∗V m)

(
yX − y∗Xe

−
FzX(yVm

−y∗V m)
RT

)
RT

(
1 − e−

FzX(yVm
−y∗

V m)
RT

)
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S1.3 EC Ion Channel Current Models

The current models described in the following are used in the calculation
of differential equations. Thus, names of individual ion channel models are
reused in the differential equation section below. This also applies to VSMC
Ion Channel Current Models.

Calcium-activated Chloride Channel, CaCC:

Parameters:

nCaCC = 1.89
KmCaCC = 2.87 · 10−4 mM
gCaCC = 2.95 nS

pF

CaCC =

CmFsclgCaCCyPoCaCCy
nCaCC
Ca

(
yVm −

RT log
( yDCl

yCl

)
FzCl

)
KnCaCC

mCaCC + ynCaCC
Ca

Calcium-activated Potassium Currents, SKCa + IKCa:

Parameters:

KhIKCa = 7.4 · 10−4 mM
KhSKCa = 2.371 · 10−4 mM
nSKCa = 5.0
nIKCa = 4.0
gSKCa = 0.45 nS
gIKCa = 1.4 nS

KCa =

Fscl

gIKCay
nIKCa
Ca

(
yVm −

RT log
( yDK

yDCa
yK

)
FzK

)
KnIKCa

hIKCa + ynIKCa
Ca

+

gSKCay
nSKCa
Ca

(
yVm −

RT log
( yDK

yK

)
FzK

)
KnSKCa

hSKCa + ynSKCa
Ca


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Inward Rectifier Current, Kir:

Parameters:

nKir = 0.50
kKir = 7.084 mV
dV kir = 39.42 mV
gKir = 0.13 nS√

mM

Kir =

FsclgKiry
nKir
DK

(
yVm −

RT log
( yDK

yK

)
FzK

)

1 + e
yVm

−dV kir−
RT log

( yDK
yK

)
FzK

kKir

Sodium-Calcium Exchanger Current, NCX:

Parameters:

KmNCX = 0.5016 mM
pNCX = 0.4834
gNCX = 1.99 nS
nNCX = 1.50
dNCX = 3.043 · 10−4

NCX =

FsclgNCX

(
yDCa

y3Nae
FpNCXyVm

RT − yCay
3
DNa

e−
FyVm (1−pNCX)

RT

)
(

1 +
(

KmNCX

yCa

)nNCX
) (

1 + dNCX

(
yDCa

y3Na + yCay3DNa

))
Non Selective Cation Channel (Ca2+), NSCCa:

Parameters:

PNSCCa = 2.4 · 10−8 cm/s
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NSCCa =

Pf

AmFsclPNSCCayVmF
2z2Ca

(
yCa − yDCa

e−
FyVm

zCa
RT

)
RT

(
1 − e−

FyVm
zCa

RT

)

Non Selective Cation Channel (K+), NSCK:

Parameters:

PNSCK = 4.3 · 10−8 cm/s

NSCK =

Pf

AmFsclPNSCKyVmF
2z2K

(
yK − yDK

e−
FyVm

zK
RT

)
RT

(
1 − e−

FyVm
zK

RT

)

Non Selective Cation Channel (Na+), NSCNa:

Parameters:

KdNSC = 1.1 mM
PNSCNa = 5.34 · 10−8 cm/s
nNSC = 1.6

NSCNa =

Pf

AmFsclPNSCNayVmF
2z2Na

(
yNa − yDNa

e−
FyVm

zNa
RT

)
RT

(
1 +

(
yDCa

KdNSC

)nNSC
)(

1 − e−
FyVm

zNa
RT

)
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Na/K ATPase pump, NKA:

Parameters:

KmK = 1.32 mM
ANKA = 135.1 mV
BNKA = 300 mV
KmNa = 14.52 mM
INKAb = 20.2 pA

NKA =

FsclINKAbyDK
y1.5Na (ANKA + yVm)

(BNKA + yVm) (KmK + yDK
) (K1.5

mNa + y1.5Na)

Na/K/2Cl cotransport, NKCC:

Parameters:

LNKCC = 3.2 · 10−9 mmol2

J ·s·cm2

NKCC =

−1000.0AmFFsclLNKCCRTzCl log

(
yDK

yDNa
y2DCl

yKyNay2Cl

)
Plama Membrane Calcium ATPase current, PMCA:

Parameters:

KmPMCA = 2.6 · 10−4 mM
IPMCA = 2.67 pA
nPMCA = 1.40

PMCA =

FsclIPMCAy
nPMCA
Ca

KnPMCA
mPMCA + ynPMCA

Ca
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Store Operated Cation current (Ca2+), SOCCa:

Parameters:

PSOCCa
= 1.15 · 10−7 cm/s

SOCCa =

Pf

AmFsclPSOCCa
yVmyPoSOCF

2z2Ca

(
yCa − yDCa

e−
FyVm

zCa
RT

)
RT

(
1 − e−

FyVm
zCa

RT

)

Store Operated Cation current (Na+), SOCNa:

Parameters:

PSOCNa
= 3.946 · 10−7 cm/s

KdSOC = 2.0 · 10−4 mM
nSOC = 6.22 · 10−1

SOCNa =

Pf

AmFsclPSOCNa
yVmyPoSOCF

2z2Na

(
yNa − yDNa

e−
FyVm

zNa
RT

)
RT

(
1 +

(
yDCa

KdSOC

)nSOC
)(

1 − e−
FyVm

zNa
RT

)

Volume-Regulated Anion Channel, VRAC:

Parameters:

gV RAC = 0.105 nS

V RAC =

FsclgV RAC

yVm −
RT log

(
yDCl

yCl

)
FzCl


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ER leakage current, ERleak:

Parameters:

kERleak
= 1.76 · 10−2 1

mM·ms

ERleak =

FsclkERleak
(yERCa − yCa)

2

SR Ca-ATPase pump, SERCA:

Parameters:

ISERCA = 8.8 · 10−1 pA
KSERCA = 1.5 · 10−4 mM

SERCA =

FsclISERCAy
2
Ca

(KSERCA + yCa)
2

S1.4 Differential equations, EC

[Ca2+]:

Parameters:

BT = 1.2 · 10−1 mM
KB = 3.0 · 10−3 mM

dyCa

dt
=

∂tCadiff

1 + BTKB

(KB+yCa)
2

−GJCa −NSCCa + PMCA+ SERCA+ SOCCa − ERleak − 2NCX

FvolCazCa

(
1 + BTKB

(KB+yCa)
2

)
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[Na+]:

dyNa

dt
=

∂tNadiff +
−NSCNa − SOCNa − 3NCX − 3NKA+ 0.5NKCC −GJNa

FvolIzNa

[K+]:

dyk
dt

=

∂tKdiff +
−KCa−Kir −NSCK + 2NKA+ 0.5NKCC −GJK

FvolIzK

[Cl−]:

dyCl

dt
=

∂tCldiff +
−CaCC −NKCC − V RAC −GJCl

FvolIzCl

[ERCa2+]:

Parameters:

CSQN = 15 mM
KCSQN = 0.8 mM

dyERCa

dt
=

SERCA− ERleak

FvolSzCa

(
1 +

CSQNKCSQN

(KCSQN+yERCa)
2

)
SOC Open Probability, PoSOC:

Parameters:

tSOC = 100 ms
aSOCact = 0.083
nSOCact = 3.2
KSOCact = 0.47 mM
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dyPoSOC

dt
=

1

tSOC

aSOCact − yPoSOC + 0.25
1

1 +
(

yERCa

KSOCact

)nSOCact


CaCC Open Probability, PoCaCC:

Parameters:

tCaCC = 386.2 ms
sCaCC = 132 mV
ECaCC = 662 mV
VCaCC = 19.9 mV
dCaCC = 88.9 mV

dyPoCaCC

dt
=

1

tCaCC

(
−yPoCaCC +

1

1 + e
ECaCC−yVm

sCaCC

)
e

(yVm
−VCaCC)

2

d2
CaCC
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S1.5 VSMC Ion Channel Current Models

Large-Conductance Ca2+ Channel, CaL:

Parameters:
PCaL = 1.65 · 10−5 cm/s

CaL =

Pf

AmFsclPCaLyVmydLyfLF
2z2Ca

(
yUCa

− yCae
FyVm

zCa
RT

)
RT

(
1 − e

FyVm
zCa

RT

)

Calcium-activated Chloride current, ICl:

Parameters:

KClCa = 3.65 · 10−4 mM
gCl = 0.91 nS

ICl =

CmFsclgCl

yVm −
RT log

(
yUCl

yCl

)
FzCl

 ·
(

0.0132y2Ca

K2
ClCa + y2Ca

)

K+ Inward Rectifier, KIR:

Parameters:

gKir = 0.09 nS√
mM

VKir = 28.89 mV
nKir = 0.5
aKir = −0.04 1

mV

xKir = −45.0 mV
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Kir =

FsclgKiry
nKir
UK

(
yVm −

RT log
( yUK

yK

)
FzK

)

1 + e
yVm

−
RT log

( yUK
yK

)
FzK

VKir

· 1

e−aKir(yVm−xKir) + 1.0

K+ leak channel current, Kleak:

Parameters:

gKleak = 2.0 · 10−4 nS

Kleak =

FsclgKleak

yVm −
RT log

(
yUK

yK

)
FzK


Large Conductance Calcium-activated K+ Channels, BKCa:

Parameters:

NBKCa = 6.6 · 106 1/cm2

PBKCa = 2.0 · 10−13 cm3/s

BKCa =

Pf

AmFsclNBKCaPBKCayVmF
2 (0.17ypf + 0.83yps)

(
yUK

− yKe
FyVm
RT

)
RT

(
1 − e

FyVm
RT

)

Voltage-gated K+ Channels, Kv:

Parameters:

gKv = 0.32 nS
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Kv =

FsclgKypK (0.55yq2 + 0.45yq1)

yVm −
RT log

(
yUK

yK

)
FzK


Plasma membrane Na-Ca exchanger, NCX:

Parameters:

pNCX = 4.5 · 10−1

gNCX = 9.0 · 10−3 nS
dNCX = 5.0 · 10−4

NCX =

FsclgNCX

(
yUCa

y3Nae
FpNCXyVm

RT − yCay
3
UNa

e−
FyVm (1−pNCX)

RT

)
1 + dNCX

(
yUCa

y3Na + yCay3UNa

)
Non Selective Cation Channel (Ca2+), NSCCa:

Parameters:

PCaNSC = 2.7 · 10−6 cm/s
PminNSC

= 0.4344
pfNSC = 24.24
pV NSC = 47.1
dminNSC

= 2.44 · 10−2

NSCCa =

Pf

AmFsclPCaNSCdminNSC
yVmF

2z2Ca

(
yUCa

− yCae
FyVm

zCa
RT

)(
PminNSC

+
1−PminNSC

1+e

pVNSC
−yVm

pfNSC

)
RT

(
1 − e

FyVm
zCa

RT

)
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Non Selective Cation Channel (K+), NSCK:

Parameters:

PKNSC = 3.5 · 10−7 cm/s

NSCK =

Pf

AmFsclPKNSCyVmF
2 (dminNSC

+)

(
PminNSC

+
1−PminNSC

1+e

pVNSC
−yVm

pfNSC

)(
yUK

− yKe
FyVm
RT

)
RT

(
1 − e

FyVm
RT

)

Non Selective Cation Channel (Na+), NSCNa:

Parameters:

KNSC = 3.0 · 10−4 mM
PNaNSC = 7.65 · 10−7 cm/s

NSCNa =

Pf

AmFsclPNaNSCyVmF
2
(
yUNa

− yNae
FyVm
RT

)
(dminNSC

+)

(
PminNSC

+
1−PminNSC

1+e

pVNSC
−yVm

pfNSC

)
RT

(
1 − e

FyVm
RT

)

Na/K ATPase pump, NKA:

Parameters:

KmK = 1.6 mM
Q10NKA = 1.87
KmNa = 22.0 mM
INKAb = 2.0 pA/pF
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NKA =

CmFsclINKAQ
−30.915+ 1

10
T

NKA10 y1.1UK
y1.7Na (150 + yVm)

(200 + yVm) (K1.7
mNa + y1.7Na)

(
K1.1

mK + y1.1UK

)
Na/K/2Cl cotransport, NKCC:

Parameters:

LNKCC = 1.79 · 10−8 nmol2

J·s·cm2

NKCC =

−AmFFsclLNKCCRTzCl log

(
yUK

yUNa
y2UCl

yKyNay2Cl

)
Plama Membrane Calcium ATPase current, PMCA:

Parameters:

KmPMCA = 1.7 · 10−4 mM
IPMCA = 3.0 pA

PMCA =

FsclIPMCAyCa

KmPMCA + yCa

Store Operated Cation current (Ca2+), SOCCa:

Parameters:

gSOCCa
= 8.3 · 10−3 nS

SOCCa =

FsclgSOCCa
yPoSOC

yVm −
RT log

(
yUCa

yCa

)
FzCa


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Store Operated Cation current (Na+), SOCNa:

Parameters:

gSOCNa
= 6.0 · 10−2 nS

SOCNa =

FsclgSOCNa
yPoSOC

yVm −
RT log

(
yUNa

yNa

)
FzNa


SR Ca-ATPase pump, SERCA:

Parameters:

ISERCAb = 6.68 pA
Kmup = 1.0 · 10−3 mM

SERCA =

FsclISERCAbyCa

Kmup + yCa

SR leakage current, SRleak:

Parameters:

SRleak = 1.07 · 10−5 mM
τ = 3.33 · 10−2 ms

SRleak =

FFsclSRleakvolSzCa (yERCa − yCa)

τ

S1.6 Differential equations, VSMC

[Ca2+]:

Parameters:
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SCM = 1.0 · 10−1 mM
KdB = 5.3 · 10−4 mM
Kd = 2.6 · 10−4 mM
BF = 1.0 · 10−1 mM

dyCa

dt
=

− CaL+NSCCa + PMCA+ SERCA+ SOCCa − SRleak − 2NCX −GJCa

FvolCazCa

(
1 + BFKdB

(KdB+yCa)
2 + KdSCM

(Kd+yCa)
2

)
+

∂tCadiff

1 + BFKdB

(KdB+yCa)
2 + KdSCM

(Kd+yCa)
2

[Na+]:

dyNa

dt
=

∂tNadiff +
−NSCNa − SOCNa − 3NCX − 3NKA+ 0.5NKCC −GJNa

FvolIzNa

[K+]:

dyk
dt

=

∂tKdiff+
−Kleak −Kir −KCa−Kv −NSCK + 2NKA+ 0.5NKCC −GJK

FvolIzK

[Cl−]:

dyCl

dt
=

∂tCldiff +
−ICl −NKCC −GJCl

FvolIzCl

[ERCa2+]:

Parameters:

KCSQN = 8.0 · 10−1 mM
CSQN = 15 mM
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dyERCa

dt
=

SERCA− SRleak

FvolSzCa

(
1 +

CSQNKCSQN

(KCSQN+yERCa)
2

)
SOC Open Probability, PoSOC:

Parameters:

KSOC = 1.0 · 10−4 mM
tSOC = 1.0 · 102 ms

dyPoSOC

dt
=

1

tSOC

(
−yPoSOC +

1

1 + yERCa

KSOC

)

q1:

Parameters:

tq1 = 3.71 · 102 ms
pq = 40 mV

dyq1
dt

=

1

tq1

(
−yq1 +

1

1 + e0.071pq+0.071yVm

)
q2:

Parameters:

tq2 = 2.884 · 103 ms

dyq2
dt

=

1

tq2

(
−yq2 +

1

1 + e
1
14

pq+
1
14

yVm

)
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pK:

Parameters:

pKV = −2.68 · 10−2

kpK = 15 mV
pKk = 61.49
Vhf = 11 mV

dypK
dt

=

1

pKk

−ypK +
1

1 + e
−Vhf−yVm

kpK

 e−pKV
yVm

dL:

Parameters:

dLp1 = 8.3 mV
dLp2 = 30 mV

dydL
dt

=

−ydL +

(
1 + e

−
yVm
dLp1

)−1
1.15 + 2.5e

−
(40+yVm)

2

d2
Lp2

fL:

Parameters:

fLp1 = 9.1 mV
fLp2 = 25 mV
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dyfL
dt

=

−yfL +

(
1 + e

42.0+yVm
fLp1

)−1
45 + 65e

−
(35+yVm)

2

f2
Lp2

pf:

Parameters:

pKCa1 = −41.7 mV
pKCa2 = 128.2 mV
pKCa3 = 18.25 mV
tpf = 0.84 ms

dypf
dt

=

1

tpf

−ypf +

(
1 + e

−pKCa2−yVm
+pKCa1 log(yCa)

pKCa3

)−1
ps:

Parameters:

tps = 35.9 ms

dyps
dt

=

1

tps

−yps +

(
1 + e

−pKCa2−yVm
+pKCa1 log(yCa)

pKCa3

)−1
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