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[CfCa,RevPCal]= CalcConstantfield(Cai,Cao,2, Vm);
%Ca
[CfK,RevPK] = CalcConstantfield(Ki,Ko,1, Vm); %K
[CfNa,RevPNa] = CalcConstantfield(Nai,Nao,1,
Vm); %Na
if (count ==1 && currenttime == 0)
Va =-74.0078;
else
Va=Vm;
end
if (count ==0)
[mcal, hcal,n] = calcRateConst(1,Va,
0,Cai,mcal,hcal,count,dt); %Calc m and h
ICalLNa = (0.00005*PCAL*CfNa)*mcal*hcal;
ICalK = (0.001 * PCAL * CfK)*mcal*hcal;
%ICalCa = (PCAL * CfCa*mcal*hcal); %original
ICalCa = (PCAL * CfCa*mcal*hcal);
ICal = ICalCa + ICalLK+ICalNa;
else
ICalLNa = (0.00005*PCAL*CfNa)*mcal*hcal;
ICalK = (0.001 * PCAL * CfK)*mcal*hcal;
ICalCa = (PCAL * CfCa*mcal*hcal);
ICal = ICalCa + ICalLK+ICalNa;
[mcal, hecal] = calcRateConst(1,Va,
0,Cai,mcal,hcal,count,dt); %Calc m and h
end
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which cotransporters are to be included in the model. Note that egs. (3) imply that the total
number of CI and HCO, ions and the sum of the number of K" and Na" ions in the ECS

and the astrocyte are conserved at any time. lon flux through KCC1, NKCC1%% and
NBC**% is modeled in a Nernst-like fashion, i.e.
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Here, gxxcct, 8xcer and gype are the conductances per unit area for the NKCC1, the KCC1
and NBC cotransporter, respectively. The reversal potential of NBC is

RT
(8) Eyye = P In
where 2y is the effective valence of the NBC cotransporter complex, here taken to be -1,
setting zyzc = - (1 - 1) = -1 where n is the stoichiometry, and adopting n = 2).

The assumed electroneutrality condition demands that the algebraic sum of all electric
currents into the astrocyte has to be zero at every instant. The astrocytic membrane
potential V', is then given by solving the resulting equation with respect to V.;
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The rate of change of the astrocytic volume relative to its surface area, y; = v/4, is, by
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The cell membrane 15 modeled as a capacitor connected in parallel
with vanable resistances and bamenies representing the differsnt jonic
cwrents and pumps. The electophysiolozical behavior of a single cell
can bevce be described with the following differennal aquanon (23)

g _Ilu+1lu:

where 713 voltage, £1s tme f, 15 the sum of all ransmembrane tonic
cwTents, Jeam 15 the exterrally applied sunmlus cwrent and G, is cell
CApacitance per uuit surface area,

Sinularly, iznonng the discrete character of microscopic cardiac
cell soucture, a 2D sheer of cardiac cells cap be modelad as a
connuons svstem with the following partial diffarential equation (23)
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where p, and p, are the cellular resistvity in the x and y dwections, S,

and S, are the suface-to-voluee rano in the x and y dwections, and

Jon 15 the sum of all rapsmembrane tonic qurens ziven by the

following equation
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where Juac, 18 Na*/Ca* " exchanger cuwrent. Jug: is Na® /K™ pup
cwrent, [o, and Jy are platean Ca2?* and X+ currens, and L, and
Tusc are backzround Ca** and K* cugvents.
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[CfCa,RevPCa]= CalcConstantfield(Cai,Cao,2,
Vm); %Ca
[CfK,ReVvPK] = CalcConstantfield(Ki,Ko,1, Vm);
7oK
[CfNa,RevPNa] = CalcConstantfield(Nai,Nao,
1, Vm); %Na
if (count ==1 && currenttime == 0)
Va = -74.0078;
else
Va=Vm;
end
if (count ==0)
[mcal, hcal,n] = calcRateConst(1,Va,
0,Cai,mcal,hcal,count,dt); %Calc m and h
ICalNa = (0.00005*PCAL*CfNa)*mcal*hcal;
ICalK = (0.001 * PCAL * CfK)*mcal*hcal;
%ICalCa = (PCAL * CfCa*mcal*hcal);
Zoriginal
ICalCa = (PCAL * CfCa*mcal*hcal);
ICal = ICalCa + ICaLK+ICalLNa;
else
ICalNa = (0.00005*PCAL*CfNa)*mcal*hcal;
ICalK = (0.001 * PCAL * CfK)*mcal*hcal;
ICalCa = (PCAL * CfCa*mcal*hcal);
ICal = ICalCa + ICaLK+ICalLNa;
[mcal, hcal] = calcRateConst(1,Va,
0,Cai,mcal,hcal,count,dt); %Calc mand h
end
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ICalK = (0.001 * PCAL * CfK)*mcal*hcal;
ICalCa = (PCAL * CfCa*mcal*hcal);
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[mcal, hcal] = calcRateConst(1,Va,
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end

model creatfion

translated into text and
equations for publication

reviewed & published

Inferpreted & implemented




There are >450 models in the repository

Only a handful been translated straight

from the published paper into a working
CellML model

Typographical errors
Missing parameter values
Missing initial conditions
Missing equations

Lack of unit definitions




Published paper

166

CellML

<component zmlns="http://www.cellml.org/cellml/1.0#" name="membrane">
<variable name="V" units="millivolt" initial_ value="-61" public_interface="out"/>
<variable name="Cm" units="femtoF" initial_ value="6158"/>
<variable name="time" units="millisecond" public_interface="in"/>
<variable name="i K" units="picoA" public_interface n"/>
<variable name="i K Ca" units="picoA" public_ interface="in"/>
<variable name="i K ATP" units icoA" public_interface="in"/>
<variable name="i_ CRAC" units="picoA" public_interfa i
<variable name="i_Ca" units="picoA" public_interface="in"/>
<variable name="i_ leak" units="picoA" public_interf in"/>
<math xmlns ttp: //www.w3.0rg/1998/Math/MathML ">
<apply>
<eq/>
<apply>
<diff/>
<bvar>
<ci>time</ci>
</bvar>
<ci>V</ci>
</apply>
<apply>
<divide/>
<apply>
<minus/>
<apply>
<plus/>
<ciri_Ca</ci>
<ci>i KR</ci>
<ci»i K_ATP</ci>
<ciri K Ca</cix»
<ci>i CRAC</ci>
<ciri leak</ci>
</apply>
</ apply>
<ci>Cm</ci>
</ apply>
</apply>
</math>
</component>
<component zmlns="http://www.cellml.org/cellml/1.0#" name="K current">




* Physiome CellML Environment
e Tools View Help

HhEARKEH
Models o [@|® & 3¢ B

View | Change tree v Type Urits

®e"vmn millivolt

;x Error: Expected a real number, but didnt get one in a valid Format

~ oyehaug_model_ne. " time second

- 8 Error: Expected
= %% Mathematics |

== Equation :x Error: Expected a real number, but didn't get one in a valid format

® %3 Mathematics

® %3 Mathematics }x Error: Expected
#@°)_Na_P_h_gate T
®E®IK DR ;x

#=°1K_DR_n_gate x Error: Expected

Bat
EERTY :: :EW:= 5]

#@°)K_A_m_gate

# @) _K_A h_gate ; i Warning: Expected al

# @ )_NakATPase_n x Error: MathML cn elem

# @°Nernst_potentials

# @° ion_accumulation ] 2 Warning: MathiL equals element has inconsistent units between the sides

# @ model_parameters
2 Warning: MathML equals element has inconsistent units between the sides

& Groups
* @ Group x Error: MathML

= &Y Connections
h Error: MathML
# 1 neuron, membrane vl &

Equation [ apha_m 3 1{units="dimensionless'} | tau_activation * (1{units="first_order_rate_constant"} | (exp(- x BraCZiny i - = Yo
ix Error: MathhiL . . . . .
LTl i g iy

A Warning: Expected all
A Warning: Expected all d K t F —J f e K

s dtime Vi

: 2 Warning: Expected all

H pasek_model_2006 flattened |

J_trpn: 11imolar_per_second {pub: ink

"t i11imolar_per_sacond {pub'bwl}

o

pub 7

T millimolar psr Second {pub: ik

sms: cm2 {u :

L smtiocm2

Model oyehaug_model_neuron_2008 loaded. ode(Na_i, time) =(i_Na_s+i_Na_t+i_Nab_s+i_Nab_t+i_Naca_s*3{dimensioniessMi_Naca t“3[d‘/men5‘/an7e55}*1 NaK_s*3 {dimensionless H+i_Na

ot ode(Na_t, time) (i_Na_t+i_Nab_t+i_Naca_t*3{dimensToniess +i_NaKk_t*3 {dimensionless ) /(F-Ite_Na)/vt
EN /&) 8

alpha_m =

1
tau_activation Q’m HER T 67)+ 1

Kext = sel
case (STIMULATION 1{dimensionless}) and (rime-time0 < 0.001{secondl|:
52 {microa_per_cm? J%(sms+smt);
otherwise:
o{mcraA},
Fx,sﬁ,fk,tn',xst,su‘,xst,ui, _: _ K| ,Kb,t-ﬂ',NaK,s"-Z{dimensiun7955}*1’,Na>(,t"—2/dimen;icm
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ode(casrrel, time) = 1{dimensionless}/(1{dimensionless HCSQN_TOT¥K_MCSQN/5Qr (K_mCSQN+CasRrel)) (a_tr bR
dgdg(casaup. time) = 3_CaSRup-1_
enddef;

def comp t_tubular_fon fluxes
i1TimoTar_per_second { ub:
mi11imolar _her_second v
millimolar_per_Second [pub, o0
second {init: 0.15F

“t: millimolar /o
millimolar {pub
millimolar fpui

mi1Timatan
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9110 Cell Biology: Goldbeter

(M)

o
@

o
PS

or cyclin protease (X)
=} =]
N 2]
Cyclin concentration, C (uM)

:
Z
§
g
3
s
§

o

Time (min)

FiG. 3. Sustained oscillations in the minimal cascade model




[CfCa,RevPCa]= CalcConstantfield(Cai,Cao,2,

[CfK,RevPK] = CalcConstantfield(Ki,Ko,1, Vm);

%K
[CfNa,RevPNa] = CalcConstantfield(Nai,Nao,1,
Vm); %Na
if (count ==1 && currenttime == 0)
Va = -74.0078;
else
Va=Vm;
end
if (count ==0)
[mcal, hcal,n] = calcRateConst(1,Va,
0,Cai,mcal,hcal,count,dt); %Calc m and h
ICalLNa = (0.00005*PCAL*CfNa)*mcal*hcal;
ICalK = (0.001 * PCAL * CfK)*mcal*hcal;

%ICalCa = (PCAL * CfCa*mcal*hcal); %original

ICalCa = (PCAL * CfCa*mcal*hcal);
ICal =ICalCa + ICalK+ICalNa;
else
ICalLNa = (0.00005*PCAL*CfNa)*mcal*hcal;
ICalK = (0.001 * PCAL * CfK)*mcal*hcal;
ICalCa = (PCAL * CfCa*mcal*hcal);
ICal =ICalCa + ICalLK+ICalNa;
[mcal, hcal] = calcRateConst(1,Va,
0,Cai,mcal,hcal,count,dt); %Calc m and h
end

</apply>

</appl
</math>
</ component>

v

<component nawe="L_type Ca channel'>

<variable
<variable
<variable
<variable
<variable
<variable
<variable
<variable
<variable
<variable
<variable
<math xml

units="picoA" public_interface="out" nawme="i_Ca L"/>

units="naneS" name="¢g_Ca L" initial_ wvalue="6.75"/>

units="millivolt" name="E Ca app" initial value="60"/>
units="dimensionless" nawe="f Ca"/>

units="millimolar" nawe="k Ca" initial wvalue="0.025"/>

units="second" public_interface="in" private_interface="out" nawe="time"/>
units="millivolt" public_interface="in" private_interface="out" name="¥"/>
units="millimolar" public_interface="in" name="Ca d"/>
units="dimensionless" private_ interface="in" nawe="d L"/>
units="dimensionless" private_interface="in" nawe="f L 1"/>
units="dimensionless" private_interface="in" nawe="f L 2"/>
ns="http://www.w3.0org/1998/Math/MathML" >

<apply>
<eq/>

<ci
<ap

>i_Ca L</cix
plys|
<times/>
<zirg Ca L</cix>
<cird L</cix
<apply>
<plus/>
<apply>
<times/>
<cirf Ca</oix
<ci>f L 1</ci>
</apply>
<apply>
<times/>
<apply>
<minus/>
<cn cellml:units="dimensionless">1</cn>
<ci>f Ca</ci>
</apply>
<eixf L 2</ci>
</apply>




After a long period without tools we now
have a legacy of broken models to curate

Of the 450 models in the repository ~V2
have been curated to some degree

We accept there are some models which
will never work properly




Continuing to validate the models in the
repository (existing and new)

Model annotation
Automated curation?

Replace the curation star system with a
more meaningful set of curafion “flags”

*to koklokokk







