<?xm version="1.0""?>

<l--
FILE : basic_ep_nodel _w t h_encapsul ati on. xn

CREATED : 29 Decenber 2000
LAST MODI FI ED : 22nd July 2002

AUTHOR : Warren Hedl ey (w. hedl ey@uckl and. ac. nz)
Depart nent of Engi neering Science
The University of Auckl and

DESCRIPTION : In this Cell M file, the sinple el ectro-physiol ogi cal/nenbrane
nodel presented in the exanples section of the Cell M. website i s extended
to introduce the groupi ng concept, with particular enphasis on the
encapsul ation rel ationship. The nodel and associ ated markup have been
created solely for denonstration purposes and is not expected to behave
physiologically realistically.

Only features that weren't in the original basic e-p nodel are comented
inthis file.
-

<nmodel nane="basi c_ep_nodel with _encapsul ation" xm ns="http://ww.cellm.org/cellm/1 0#" xn
<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" xm ns: bgs="http://ww. cel | m
<l--
The foll owi ng RDF bl ock contains netadata that applies to this docunent
as a whole, as indicated by the enpty about attribute on the
<rdf: Description> el enent.
-->
<rdf: Description rdf:about="">
<l--
The Model Builder Metadata. The Dublin Core "creator" elenment is used
to indicate the person who translated the nodel into Cell M
-->
<dc: creator rdf:parseType="Resource">
<vCard: N rdf : parseType="Resour ce" >
<vCar d: Fami | y>Hedl ey</vCard: Fam | y>
<vCard: G ven>Warren</vCard: G ven>
</vCard: N>
<vCard: ORG rdf: parseType="Resour ce" >
<vCard: Orgnane>The University of Auckl and</vCard: O gnane>
<vCard: Orguni t >The Engi neering Sci ence Departnment</vCard: Orgunit>
</vCard: ORG
</ dc: creator>

<l--
The Creation Date netadata. This is the date on which the npde
was translated into Cel | ML

—_

<dcterns: created rdf:parseType="Resource">
<dct er ns: WBCDTF>2000- 11- 20</ dct er ns: WBCDTF>

</ dcterns: creat ed>

<l--
The Last Mdified Date netadata. This is the date on which

t he nodel was | ast changed.
-->



<cmet a: nodi fication rdf:parseType="Resource">

<rdf:val ue>
Added net adat a.
</rdf:val ue>

<cmet a: nodi fi er rdf: parseType="Resource">

<vCard: N rdf: parseType="Resourc

<vCar d: Fami | y>LI oyd</vCar d: Fami | y>

e" >

<vCar d: G ven>Cat heri ne</vCard: G ven>

<vCar d: & her >May</ vCar d: Ot her
</vCard: N>
</ cmet a: nodi fi er>

<dcterns: nodi fi ed rdf: parseType="Resource">

>

<dct er ms: WBCDTF>2002- 07- 22</ dct er ms: WBCDTF>

</ dcterns: nodi fi ed>
</ cneta: nodi fication>

<!-- The Publisher netadata. -->
<dc: publ i sher >

The University of Auckl and, Bioengineering Institute

</ dc: publi sher>
</ rdf: Description>

<l --

The followi ng netadata refers to the nodel

decl ared on the <nobdel > el enent.
-

itself,

as indicated by the
reference to the I D "basic_ep_nodel w th_encapsul ation”, which is

<rdf: Description rdf:about="#basi c_ep_nodel _wi th_encapsul ati on">
<!-- A human readabl e nane for the nodel. -->

<dc:title>A Sinple Electrophysiol og

<l-- A conment regarding the nodel

<cmet a: conment rdf: parseType="Resource">

<rdf:val ue>

Below is a Cell M. description of a sinple electrophysiologica

i cal

>

Mode

Wth

node

The purpose of this descriptionis to illustrate how Cell M. can be
used to nodel ionic currents and changes in ionic concentrations

</rdf:val ue>
<l-- The creator of the comment.
<dc: creator>

<vCar d: FN>Cat heri ne LI oyd</vCard: FN>

</ dc: creator>

</ cnet a: comment >

</rdf:Description>
</ rdf : RDF>

<uni ts nane="concentration_units">

<unit prefix="mlli" units="nole" />
<unit units="litre" exponent="-1" />
</ uni ts>

<units nane="flux_units">
<unit units="concentration_units" />
<unit units="second" exponent="-1" />
</units>

>



<units nane="rate_constant">
<unit units="second" exponent="-1" />
</units>

<conponent nane="environment">
<vari abl e name="tine" public_interface="out" units="second" />
</ conponent >

<conponent nane="intra_cel | ul ar_space">
<l-- the follow ng variables are used in other conponents -->
<vari abl e name="Na" public_interface="out" units="concentration_units" />
<vari abl e nane="Ca" public_interface="out" units="concentration_units" />

<l-- the follow ng variables are inported from other conponents -->
<vari abl e name="tine" public_interface="in" units="second" />

<vari abl e name="1_Na" public_interface="in" units="flux_units" />
<vari abl e nane="1_Ca" public_interface="in" units="flux_units" />

<mat h xm ns="http://ww.w3. org/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<appl y><di ff />
<bvar ><ci > tine </ci></bvar>
<ci> Na </ci>

</ appl y>
<ci> | _Na </ci>
</ appl y>

<appl y><eq />
<apply><di ff />
<bvar><ci > tinme </ci></bvar>
<ci> Ca </ci>
</ appl y>
<ci>I|_Ca </ci>
</ appl y>
</ mat h>
</ conponent >

<conponent nane="extra_cel | ul ar_space" >
<l-- the follow ng vari ables are used in other conponents -->
<vari abl e nane="Na" public_interface="out" units="concentration_units" />
<vari abl e name="Ca" public_interface="out" units="concentration_units" />

<l-- the follow ng variables are inported from other conponents -->
<vari abl e nane="tinme" public_interface="in" units="second" />

<vari abl e nane="1_Na" public_interface="in" units="flux_units" />
<vari abl e name="1_Ca" public_interface="in" units="flux_units" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />

<apply><di ff />
<bvar ><ci > tine </ci></bvar>
<ci> Na </ci>

</ appl y>

<appl y><tines />
<cn cellm:units="di nensionless"> -1.0 </cn>
<ci>1_Na </ci>



</ appl y>
</ appl y>

<appl y><eq />
<apply><di ff />
<bvar ><ci > tine </ci></bvar>
<ci> Ca </ci>
</ appl y>
<appl y><tines />
<cn cellm:units="di nensionless"> -1.0 </cn>
<ci>|I|_Ca </ci>
</ appl y>
</ appl y>
</ mat h>
</ conponent >

<l--
In the extended e-p nodel, the nenbrane encapsul ates two conponents
representing the sodiumand cal cium channels. The rate constants and
math for the fluxes is nowin the channel conponents.

-

<conponent namne="cel | _menbrane">
<l--

The sodi um and cal cium fluxes are calculated in the encapsul at ed
conmponents and passed up to the nenbrane conponent and then out to the
intra- and extra-cellular subspaces, so the fluxes have a private
interface value of "in" and a public interface value of "out".

-
<vari abl e nane="1_Na" public_interface="out" private_interface="in" units="flux_units" /:
<vari abl e nane="1_Ca" public_interface="out" private_interface="in" units="flux_units" /:

<l --
The concentrations of the ions in the intra- and extra-cellul ar
subspaces is needed for the flux calculations, so these have a public
interface value of "in" and a private interface value of "out".

-->

<variable name="Na_i" public_interface="in" private_interface="out" units="concentration
<vari abl e name="Na_e" public_interface="in" private_interface="out" units="concentration
<variable name="Ca_i" public_interface="in" private_interface="out" units="concentration

<vari abl e name="Ca_e" public_interface="in" private_ interface="out" units="concentration
</ conponent >

<l--
The sodi um channel conponent doesn’t know that it is encapsul ated, and
the variables that declare a public interface are visible to both sibling
conponents (conponents encapsul ated in the sane group) as well as the
parent encapsul ati ng conponent.

-

<conponent nane="sodi um channel ">
<vari abl e nane="1_Na" public_interface="out" units="flux_units" />
<vari abl e nane="Na_i" public_interface="in" units="concentration_units" />

<vari abl e name="Na_e" public_interface="in" units="concentration_units" />

<l-- The rate constant is only used internally so has no interface -->
<vari abl e nane="v_Na" initial_value="1.0e-8" units="rate_constant" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >



<appl y><eq />
<ci> | _Na </ci>
<appl y><tines />
<ci> v_Na </ci>
<appl y><m nus />
<ci> Na.i </ci>
<ci> Na_.e </ci>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
</ conponent >

<l--
The cal cium channel is identical to the sodiumchannel. Note that when
t he conponent re-use schene for Cell M. is properly defined, we would
decl are one generic channel conmponent class, and then create two instances
of that class, setting the rate constant appropriately for each channel
-->
<conponent name="cal ci um channel ">
<vari abl e name="1_Ca" public_interface="out" units="flux_units" />
<variable name="Ca_i" public_interface="in" units="concentration_units" />
<vari abl e name="Ca_e" public_interface="in" units="concentration_units" />

<vari abl e nane="v_Ca" initial_value="1.5e-8" units="rate_constant" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<ci> |_Ca </ci>
<appl y><tines />
<ci> v_Ca </ci>
<appl! y><m nus />
<ci> Cali </ci>
<ci > Cae </ci>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
</ conponent >

<l--
The encapsul ation rel ati onshi p between the cell nenbrane and the sodi um
and cal cium channels is defined inside the foll owi ng <group> el enent. The
group references the nenbrane as a nmj or conponent and the two channel s as
nm nor conponents and references two rel ationshi ps between the m nor
conponents and the nmajor conponent: "is_encapsul ated by" and
"is_contained_in".

-->

<gr oup>

<rel ationshi p_ref rel ationshi p="encapsul ati on" />
<rel ationshi p_ref relationship="containment" />
<conponent _ref conponent="cel | _nenbrane">
<conponent _ref conmponent ="sodi um channel " />
<conponent _ref conmponent ="cal ci um channel " />
</ conponent ref>
</ group>



<connection>
<map_conponents conponent 1="intra_cellul ar_space" conponent_ 2="cel | nenbrane" />

<map_vari abl es variabl e_1="Na" variable_2="Na_i" />
<map_vari abl es variable_1="Ca" variable_2="Ca_i" />
<map_vari abl es variable_1="1_Na" variable_2="1_Na" />
<map_vari abl es variable_1="1_Ca" variable_2="1_Ca" />

</ connecti on>

<connecti on>
<map_conponents conponent _1="extra_cel |l ul ar _space" component _2="cel | _nmenbrane" />
<map_vari abl es variable_1="Na" variable_2="Na_e" />
<map_vari abl es variabl e_1="Ca" variable_2="Ca_e" />
<map_vari abl es variable_1="1_Na" variable_2="1_Na" />
<map_vari abl es variable_1="1_Ca" variable_2="1_Ca" />
</ connecti on>

<connecti on>
<map_conponents conponent 1="environnent" conponent 2="intra_cellul ar_space" />
<map_vari abl es variable_1="tine" variable_2="time" />

</ connecti on>

<connecti on>
<map_conponents conponent _1="environnent" conponent_2="extra_cel | ul ar_space" />
<map_vari abl es variable_1="tine" variable_ 2="time" />

</ connecti on>

<l--
The two new connections in the extended e-p nodel are between the cel
nmenbrane and the sodi um and cal ci um channel s. The nappi ngs of fluxes and
ionic concentrations are straightforward.

-->

<connecti on>
<map_conponents conponent _1="cel | _nenbrane" conponent 2="sodi um channel " />

<map_vari abl es variable 1="Na_i" variable 2="Na_i" />
<map_vari abl es variable_1="Na_e" variable_2="Na_e" />
<map_vari abl es variable_1="1_Na" variable_2="1_Na" />

</ connecti on>

<connection>
<map_conponents conponent 1="cel | _nenbrane" conponent 2="cal ci um channel " />

<map_vari ables variable_1="Ca_i" variable_2="Ca_i" />
<map_vari abl es variable_1="Ca_e" variable_2="Ca_e" />
<map_vari abl es variable_1="1_Ca" variable_2="1_Ca" />

</ connecti on>

</ nodel >



