Supplementary Material

S1 Mathematical Model

Global variables used are listed in tables
Table S1: Global variables used in the model.

Variable Value Variable Value
vessel length 2000 pm  diameter 40 pm
F 96485 < R 8341.0 =
T 293.0 K
Caggt 1.5 mM  Nagg 140.0 mM
Kzt 5.0 mM  Clgy 146.0 mM
SMC specific parameters EC specific parameters
Dimensions 63 x 6.3 x 5 pm?® Dimensions 100 x 7.8 x 1 pm?3
Feu 3/8 Fo 2/16
A, 20- 1076 cm? A, 14-1076 cm?
Cm 20 pF C, 14 pF
vol; 1.0 pL  wvol; 1.173 pL
volg 0.077 pL volg 0.335 pL
volog 0.7 pL volcg 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.



Table S2: Diffusional parameters used in the model.

D¢ Dna Dk D¢y
D.[™] 25-107° 6.0-107° 15.0-107° 10.0-107'°

S

S1.1 Diffusion Models

Grid specific directional diffusion constants are calculated via Dx = K - D,
where K = % is the grid specific constant (A: Diffusional area, V: grid
volume, and [: length of grid volume in the diffusional direction). In the
longitudinal directions K = 26.0- 109# and in the circumferential directions
K =16.6- 109#.

At each grid point in the discretization, the diffusional contribution to
electrolyte concentrations, X equal to Ca?t, Na*, C1~ or K* are calculated
by:

N
O Xaifr = Z Dx (yx,; — 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, Pg; are either:
Pojnet = 3.53 - 10’7nL/s,
PEQGJhom =4.6- 1075TLL/$,
PVSMC,GJhom =3.13- 10_6nL/s

GJx =
Fox (Wi Vi)
PGJFQZ?{ (YW = Ym) (yx - y}e_m>
Fz Y m_y*m
RT (1 - e—X(VRTV))



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:
NcaCcC = 189
Kocacc = 2.87- 107 mM
dcacc = 295 E_E
CaCC =
ncacc RT 10g<nyC€l )
CnFsagcaccyrocacclc, YW = Fugy

nCaCC NCaCC
KmélaC’C + yCaa

Calcium-activated Potassium Currents, SKq, + IKcq.:

Parameters:
Knikca = 74-107* mM
Kisxca = 2.371-107% mM
NSKCa = 5.0
NIKCa = 4.0
JSKCa = 045 HS
JIKCa = 14 nS
KCa =
YD YD D
n RTlog( —£—Ca n RT log( 2K
J1KCaYca (yvm - (FzKyK )> 9sKCalciy < (yvm - - FSKyK >)
FSC n n + ey 7
l KyikCa + You K'$KCe | ySKOa



Inward Rectifier Current, K;,:

Parameters:
ngir = 0.50
dviiy = 3942 mV
Kir =
. RTlog( 2k
Fsagrxiryp,” (yVm - #)
O, yDK

yvm—dvmr—%

1 +e kKir

Sodium-Calcium Exchanger Current, NCX:

Parameters:
Kunex = 0.5016 mM
PNCX = 0.4834
gNCX = 199 nS
nNcx = 1.50
dycx = 3.043.107¢
NCX =
FPNCX YV 3 _Fwvy(rnvex)
Foagnox | YncaYna€ BT — Yoa¥py, € RT

(1 + (%)nw> (1+dnox (Ype,Yia + Yca¥hy,))

Non Selective Cation Channel (Ca?"), NSCc,:

Parameters:

Pyscca = 24 1078 Cm/S



NSCeq =

FyV 2Ca
2 2 _ m
ApFsaPnsccayv,, F2 26, <yC'a —YDp, 6 BT )

RT (1 — e~ Fyvﬁszca>

Py

Non Selective Cation Channel (K*), NSCk:

Parameters:
Pysex = 4.3 108 Cn’l/S

NSCk =

FyszK
AnFsaPyscryy, F?2% <yK — Ypg€ BT )

FyVmZK>

RT (1 — e  RT

Py

Non Selective Cation Channel (Nat), NSCy,:

Parameters:
Kinse = 1.1 mM
Pysone = 5.34- 1078 Cl’Il/S
nysc = 1.6
NSCy, =

9 9 _ Fyvi, #Na
AmFsclPNSC’NayVmF ZNa \YNa — YDy, € RT
Py

RT (14 (e )™ (1 e
Kainsc



Na/K ATPase pump, NKA:

Parameters:
K,k = 132 mM
ANKA = 1351 mV
BNKA = 300 mV
Konva = 1452 mM
INKAb = 20.2 pA
NKA =

Foalnkayp Uy (Anka + yv,,)
(Byka +yv,) (Kmk + ypy) (Kpva + YUno)

Na/K/2Cl cotransport, NKCC:

Parameters:
Lykce = 32-107% 2mmel
NKCC =

YD YDn, YT
—1000-0AmFFsclLNKCCRTZC[ log (M)

yKyNay%l

Plama Membrane Calcium ATPase current, PMCA:

Parameters:
KmPMCA = 26- 10_4 mM
IPMCA = 2.67 pA
nNpycA = 1.40
PMCA =

n CA
Fool PMCAZ/CZM

NMPMCA NPMCA
K. phica + Yoo




Store Operated Cation current (Ca?"), SOCg,:

Parameters:
P5000a = 1.15-1077 CHI/S
SOCeq, =
9 9 _Fyv,2ca
AmFsclPSOCcaymePOSOCF 2Ca (yCa — YDc, € RT )
Pf Fyy#Ca
RT (1 e )

Store Operated Cation current (Na®), SOCy,:

Parameters:
PSOCNa = 3.946-1077 cm/s
Kisoc = 2.0- 1074 mM
nsoc = 6.22-107"
SOCy, =

Fyy,,%Na
2.2 _Fovy
A Fsa Psocy v, Yrosoc F* 2y, (yNa — Ypy,E BT )

Py

rT (14 YDe, nsoc 1— e Fyvg;wa
Kasoc

Volume-Regulated Anion Channel, VRAC:

Parameters:
gvrac = 0.105 nS

VRAC =
RT log (%)

F Z01

Fsagvrac | yv,, —



ER leakage current, ER;..:

Parameters:
kERleak - 176 . 10_2 m
ERleak’ -

FSClkERleak (yERCa - yCa)2

SR Ca-ATPase pump, SERCA:

Parameters:
Iserca = 88-107! pA
Ksgrca = 1.5 1074 mM
SERCA =

Fealsproay?,
(Ksgroa + yoa)’

S1.4 Differential equations, EC

[Ca?t]:
Parameters:
Br = 12-100' mM
Kg = 30-107° mM
dyca _

dt

ﬁtCadiff _GJCG — NSCqy + PMCA+ SERCA + SOC¢, — ERjeqr, — 2NCX
14 BrKp

_brAp _ BrK
(Kp+yca)? Fuvolcazca (1 T m>




[Na*]:

dyna _
dt
—NSCn, — SOCpny —3NCX —3NKA+0LONKCC — Gy,
8tNadiff+
Foolrzn,
[K*]:
% =
dt
—KCa— Kir — NSCxg +2NKA+05NKCC — GJk
8thiff +
Foolrzk
[C17]:
dycr _
dt
—CaCC — NKCC — VRAC — GJg
Lai
atC diff + FUOl[ZCl
[ERCa2+]:
Parameters:
CSQN = 15 mM
KCSQN = 0.8 mM
dYERCa _

dt
SERCA — ERjeak

Foolgze, | 1+ OSQNKeson .
(KCSQN+yERCa)

SOC Open Probability, PoSOC:

Parameters:
tSOC = 100 ms
asoOCact = 0083
NsoCact = 3.2
KSOCact = 047 mM



dyposoc __
dt

1 1

— | 4soCact — YPoSOC + 0.25 NSOCact
tSOC 1+ < YERCa )

Ksocact

CaCC Open Probability, PoCaCC:

Parameters:
tCaCC = 386.2 ms
SCaCC = 132 mV
ECaCC = 662 mV
VCaCC = 199 mV
dCaCC = &88.9 mV
dypoCacc _

dt

2
1 1 (yvm *VCacc)
—_ d2 a
Ypocacc + Toaco wv | € TCecC

toace 14e scucc

10



S1.5 VSMC Ion Channel Current Models
Large-Conductance Ca?" Channel, CaL:

Parameters:
Poar = 1.65-107° cm/s
Cal =
A 2.9 FyVmZCa
mFsclPCaLymedLnyF ZCa (yUca — Ycq€ BT >
Pf Fyy,,#Ca
RT <1 % )
Calcium-activated Chloride current, ICl:
Parameters:
Koece = 3.65- 107 mM
gci = 091 nS
ICl =
Yyu,
o ~ fiTlog () 0.0132y3,,
mL sclgCi v, FZCZ K2~10a+y%a

K" Inward Rectifier, Kiy:

Parameters:
_ nS
Viir = 2889 mV
NKir — 0.5

—-0.04 L
= —45.0 mV

o
3

Y 3
I

8
=
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Kir =

1

RTlog(ygé{) e_aKir(yVm—J}Kir) + 10
YV~ Fap

1+e VKir

RT log(yglf ) )

nKi
Fsagriryr,” <yvm - Frn

K™ leak channel current, Kleak:

Parameters:
Okiear = 2.0-107* nS
Kleak =

RT log (yUK )

YK

Fscngleak Yv,, — Fz
K

Large Conductance Calcium-activated K+ Channels, BKCa:

Parameters:
NBKCa = 6.6- 106 l/cm2
PBKC’a = 2.0- 10713 Cm3/s
BKCa=
Fy m
AmFsclNBKCaPBKCayVmFQ (017ypf + 083yps) (yUK — yKeRi‘i/“>
Pf PV,
RT (1 — e ®’T >

Voltage-gated K+ Channels, Kv:

Parameters:

grv = 0.32 nS
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Kv =

RT'log <yUK >

YK

Fsa9xypr (0.55yq2 + 0.45y41) | yv,, — 7
ZK

Plasma membrane Na-Ca exchanger, NCX:

Parameters:
PNCX = 4.5-10_1
gvex = 9.0-107 nS
dNC’X = 501074
NCX =
3 Frnexvvy 3 _Fwvy,(rnvex)
Foagnex | YUoaYna® RT = Yca¥iry, € AT

1+ dyex (YueaYda + Ycalit,.)

Non Selective Cation Channel (Ca®"), NSCc¢,:

Parameters:
Poanse = 2.7-100°  cm/s
Prinyse = 04344
PrNsc = 24.24
pvnsc = 47.1
Ainyse = 2.44- 1072
NSCq, =

PVNsc " YVm
1+e Pfnsc

4 p Fyy,,?Ca 1—-P, .
2 2 17 min
mFscil CaNSCdmmNscyva Z0q <yUCa — Yca& ET ) <P innse T A)

Py

FyVm 2Ca >

RT(l—e RT
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Non Selective Cation Channel (K*), NSCk:

Parameters:
Pxyse = 3.5-1077 cm/s
NSCg =
2 1=Prinysc Fovin
AmFsclPKNscyVmF (dminNSC+) PminNSC + W YU, — Y€ ET
J2) 1+e Pfnsc
f Fyv,,
RT (1 — e R’T )

Non Selective Cation Channel (Nat), NSCy,:

Parameters:
Kyse = 3.0-107* mM
Pynansc = 7.65-1077 cm/s
NSCy, =

Fyviy, 1—Prnin
AmFsclPNaNSCyVmF2 (yUNa — YNa€ BT ) (dminNsc+) <PmmNsc + p—NSC>

14e Pfnsc

Py

Vnse  YVim
RT (1 — eF%m>

Na/K ATPase pump, NKA:

Parameters:
Q10Nyga = 1.87
K..Na = 220 mM
]NKAb = 20 pA/pF
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NKA =

—30.915++T
CmFscl]NKAQNKAl() 10 yb}(y]l\'fz (150 + y\/m)

(200 + yv,,) (KEL, +yhn) (KLk + yih)

Na/K/2Cl cotransport, NKCC:

Parameters:
Lykce = 1.79-1078 nmel
NKCC =

2
— A FFeaLykcoRT 2o log <w)

yKyNay%l

Plama Membrane Calcium ATPase current, PMCA:

Parameters:
K,.pvca = 1.7 107% mM
Ipnrca = 3.0 pA
PMCA =

FsalpymcaYca

KmPMC’A + Yca

Store Operated Cation current (Ca®"), SOCc,:

Parameters:
gsoce, = 83-107% nS
SOCc, =

RT log (yUC“ )

YCa

Fsagsoce,Yprosoc | Yv,, —
F ZCa

15



Store Operated Cation current (Na®), SOCy,:

Parameters:
Jdsocy., = 6.0-1072 nS
SOCpn, =

RT log (yUN“ >

YNa

Fsagsocy,Yrosoc | Yv,, —

FZNa
SR Ca-ATPase pump, SERCA:
Parameters:
Isgroay = 6.68 pA
Kup = 1.0-102 mM
SERCA =
Foalsercavyca
Kmup + Yca
SR leakage current, SR;..;:
Parameters:
SRleak: = 1.07-107° mM
T = 333-1072 s
SRleak -

FFSRicarvolszoa (YERC — You)
T

S1.6 Differential equations, VSMC
[Ca?*]:

Parameters:
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Seyy = 1.0-107! mM

Ksg = 53- 107% mM
K, = 26-100* mM
Br = 10-100! mM
dYca
dt
CalL + NSC¢, + PMCA+ SERCA + SOC¢, — SRieqr, — 2NCX — GJcy,
BpK, K4S
Fuolouzon (14 st + gl
0 Cagisy
14+ BrKap KaScm
(Kap+yca)® (Kq+yca)®
[Nat]:
dyna _
dt
—NSCyy — SOCN, —3NCX —3NKA+05NKCC — GJy,
O Nagifs+
Foolrzn,
[K*]:
Wi
dt
—Kleak — Kir — KCa— Kv— NSCxg +2NKA+05NKCC — GJgk
O Kaipp+
Foolrzy
[Cl]:
dycr
dt
—IClI— NKCC — GJgy
0;Cl g
tCbaifs + Fvoljzo
[ERCa?"]:
Parameters:
KCSQN = 8.0-100' mM
CSQN = 15 mM
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dYERCa _
dt

SERCA — SRieak

Fvolsze, (1 + C59NKesqn 2)

(KCSQN +yERca)

SOC Open Probability, PoSOC:

Parameters:
KSOC = 1.0- 10_4 mM
tSOC = 1.0- 102 ms
dyposoc __
dt
1 n 1
—YPoSOC T T urno.
tsoc 1+ —1}?:000“
ql:
Parameters:
tn = 3.71-10> ms
pg = 40 mV
a1 _

1 1
i <—yq1 + T 60.071pq+0.071yvm>

q2:

Parameters:
lge = 2.884-10% ms

dyq? _
.

1 n 1
tyo Ya2 1 + e1aPatig¥%im

18




pK:

Parameters:
pry = —2.68-1072
kpw = 15 mV
prr = 61.49
Vhf = 11 mV
dypK .
dat
1 1 B
ol B e el
1+e For
dL:
Parameters:
de2 = 30 IIlV
dyar

dt

_YVm -1
e (1)

(40+yvm)2

115+ 25¢  “ie

fL:

Parameters:
fipp = 9.1 mV
pr2 = 25 mV
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dyrr _
dat

42.04yy,, \ —1
—YrL + (1 +e T )
(35+yvm)2

45 + 65 in

pf:
Parameters:
PKCal = —417 mV
pKC’a2 = 1282 mV
pKCaS = 1825 mV
tor = 0.84 ms
Wy _
dt
1
1 ~PKCa2~ YV, TPKCal198(vca)
— | —Ypsr + 1+e PKCa3
tpf
ps:
Parameters:
tps = 359 ms
dYps _
dt
1
1 “PKCa2 YV +PKCal lOg(yCa)
— | —yps + 1+e PKCa3
lps
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