<?xm version="1.0""?>

<I--
FILE : basic_reaction_nodel . xm

CREATED : 27 Novenber 2000
LAST MODI FI ED : 22nd July 2002

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

MODEL STATUS : This nodel conforns to the Cell M. 1.0 Specification rel eased on
10t h August 2001, and the 16/01/2002 Cel |l M. Metadata 1.0
Speci ficati on.

ORI Gl NAL CONCEPT BY :
Mel ani e Nel son (mel son@hsyi one. con)
Physi ome Sci ences, Inc.

DESCRIPTION : This file contains a Cell M. description of an extrenely sinple
reaction/ pathway cellular nodel. The nodel and associ ated markup have been

created solely for denbnstration purposes.
-->

<l--
The root elenent for our Cell M. npdel description is <nobdel>. This contains
a "name" attribute which would be used if the nbdel were to be conbined with
anot her nodel at a later date, or if the nbdel is to be referenced in sone
way by anot her nodel .

Two nanespaces are declared on the root elenent. The first sets the default
nanespace for the <nodel > el enent and all elements contained within the
<nodel > el ement to the Cell M. nanespace. The second nanespace is again the
Cel I M. nanmespace, but this tine declared with an explicit "cellm" prefix.
Thi s decl aration has docunent-w de scope, so the "cellnm" prefix nay be used
anywhere to nmove an elenment or attribute into the Cell M. nanespace.

-->

<nmodel nanme="basic_reaction_nodel" xm ns="http://ww. cellm.org/cellm/1. 0#" xmns:cellnm ="ht

<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" elenent 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>
<vCar d: Orguni t >The Engi neering Sci ence Departnent</vCard: Orgunit>
</ vCard: ORG>
</ dc: creator>

<l--
The Creation Date netadata. This is the date on which the node
was translated into Cell ML

-->

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

</ dct erns: creat ed>

<I--
The Last Modified Date netadata. This is the date on which
t he nodel was | ast changed.
—_
<cnet a: nodi fication rdf: parseType="Resource">
<rdf:val ue>
Added et adat a.
</rdf:val ue>
<cmet a: nodi fi er rdf: parseType="Resource">
<vCard: N rdf: parseType="Resour ce" >
<vCar d: Fami | y>LI oyd</vCar d: Fami | y>
<vCar d: G ven>Cat heri ne</vCard: G ven>
<vCard: & her >May</ vCard: Ot her >
</vCard: N>
</creta: nodi fier>
<dcterns: nodi fi ed rdf: parseType="Resource">
<dct er ns: WBCDTF>2002- 07- 22</ dct er ms: WBCDTF>
</ dcterns: nodi fi ed>
</ cmet a: nodi fi cati on>

<!-- 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 itself, as indicated by the
reference to the I D "basic_reaction_nodel", which is declared on the
-
<rdf: Description rdf:about ="#basic_reaction_nodel ">
<!-- A human readabl e name for the nodel. -->

<dc:title>A Sinple Reaction Mdel </dc:title>

<l-- A conment regarding the nodel. -->
<cmet a: conment rdf: parseType="Resource">
<rdf : val ue>
Below is a Cell M. description of a sinple reaction nodel.

The purpose of this descriptionis to illustrate how Cell M. can be
used to nodel netabolic and signal transduction pathways

</ rdf:val ue>

<!-- The creator of the comrent. -->

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

<nodel



</ dc: creator>

</ cnet a: comment >

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

<l--
The followi ng <units> elenents are used to declare a set of unit nanes
that can be referenced by units attributes on <variable> and <cn> el enents
el sewhere in the nodel. See the exanpl e docunmentation of the sinple
el ectro-physi ol ogi cal nodel for nore details. Note that the enpty prefix
attributes could have been onmitted. They are included here for clarity.
-->
<uni ts name="concentration_units">

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

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

</units>

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

</units>

<units nane="third_order_rate_constant">
<unit units="concentration_units" exponent="-2" />
<unit units="second" exponent="-1" />

</units>

<l--
The environnment conponent is used to declare variables that are used
by all or nost of the other conponents. Variables nust be declared inside
of a conponent elenent. Note that the name "gl obal variabl es" shoul d not

be interpreted in any way other than as an nanme, i.e., it has no specia
si gni ficance.
-->

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

<l--
The first four conponents correspond to the reactants and products in
the sinple reaction nodel. They are primarily used to store the
concentrations of each of the species. These variables are given the
same nanme as their parent conponent, and exposed to the rest of the node
by having a public_interface value of "out". The reaction cal cul ates the
rate of change of concentration of each of the species as a result
of that reaction, and the results (the "delta" variables) are passed back
to the conponents representing the chenical species. These vari abl es
therefore have a public_interface value of in. Because the concentration
vari abl es are continuous functions of tinme, the tine variable nust also
be decl ar ed.

Al'though it would be possible to define all of the chenmical species and



the reaction in the same conponent, it is recomended best practice to
put each chenical species and each reaction in its own conponent. This
makes it easier to conbine this nodel with other pathway nodels, or merge
it with el ectro-physiological or other classes of nodel.

-->
<conponent name="A">

<vari abl e name="A" public_interface="out" units="concentration_units" />
<vari abl e name="delta_A" public_interface="in" units="flux_units" />
<vari abl e nane="tinme" public_interface="in" units="second" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<appl y><di ff />
<bvar ><ci > ti me </ci></bvar>
<ci> A </ci>
</ appl y>
<ci> deltaA </ci>
</ appl y>
</ mat h>

</ conponent >

<conponent nane="B">

<vari abl e name="B" public_interface="out" units="concentration_units" />
<vari abl e nane="delta_B" public_interface="in" units="flux_units" />
<vari abl e name="tine" public_interface="in" units="second" />

<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> B </ci>
</ appl y>
<ci> deltaB </ci>
</ appl y>
</ mat h>

</ conponent >

<conponent name="C"'>

<vari abl e nane="C" public_interface="out" units="concentration_units" />
<vari abl e nane="delta_C' public_interface="in" units="flux_units" />
<vari abl e nane="tinme" public_interface="in" units="second" />

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<apply><di ff />
<bvar><ci > tinme </ci></bvar>
<ci> C </ci>
</ appl y>
<ci> deltaC </ci>
</ appl y>
</ mat h>

</ conponent >

<conponent nanme="D'>

<vari abl e nane="D"' public_interface="out" units="concentration_units" />
<vari abl e nane="delta_D" public_interface="in" units="flux_units" />



<vari abl e name="tine" public_interface="in" units="second" />

<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> D </ci>
</ appl y>
<ci> deltaDD </ci>
</ appl y>
</ mat h>
</ conponent >

<l--
The basic reaction conponent contains the definition of the only actua
reaction in our sinple nodel, inporting the concentrations of the reactants
(A and B) and products (C and D) and cal cul ating the change in these
concentrations (the delta variables) for export back to the conmponents
where these concentrations are decl ared (defined above).

-->

<conponent nane="basi c_reaction">
<l-- These variables are nodifiable el sewhere and inported. -->

<vari abl e name="A" public_interface="in" units="concentration_units" />
<vari abl e nane="B" public_interface="in" units="concentration_units" />
<vari abl e nane="C" public_interface="in" units="concentration_units" />
<vari abl e name="D"' public_interface="in" units="concentration_units" />

<l-- These variables are nodifiable in this conponent and exported. -->
<vari abl e nane="delta_A" public_interface="out" units="flux_units" />
<vari abl e nane="delta_B" public_interface="out" units="flux_units" />
<vari abl e name="delta_C' public_interface="out" units="flux_units" />
<vari abl e name="delta_D"' public_interface="out" units="flux_units" />

<l--
k_forward and k_reverse are the forward and reverse rate constants,
respectively. "r" is the reaction rate, or extent of the reaction
They are not used by any ot her conmponent in the nodel, and therefore
have no public or private interface

-->

<vari abl e name="k_forward" units="second order rate constant" />

<vari abl e name="k _reverse" units="third order _rate _constant" />

“r" units="flux_units" />

<vari abl e nane="r

<l--
The <reaction> elenment is used to indicate which chem cal species are
participating in this reaction, and what role they play in the reaction
When the "delta_ variable" and "stoichionetry" attributes are both
specified on a <role> elenent, it inplies an equation defining the delta
variable’'s value in terns of the stoichionmetry and the reaction rate.
The reaction rate is determ ned by the variable with a role of "rate"
(inthis case "r"), and the equation determning the value of "r" is
defined using MathM inside that variable reference.

So <role delta_ variable="delta A" stoichionmetry="1"> inplies

<appl y><eq />
<ci> delta_A </ci>
<apply><tinmes />



<cn cellm :units="di nensionless"> 1.0 </cn>
<ci>r </ci>
</ appl y>
</ appl y>

Note that the "direction” attributes on the <role> elenents defaults to
"forward" so could have been omtted on the <rol e> el enents bel ow.
-
<reaction reversibl e="yes">
<variabl e_ref variabl e="A">
<role role="reactant" direction="forward" delta_variable="delta_A" stoichionmetry="1"
</variabl e _ref>
<variabl e_ref variabl e="B">
<role role="reactant" direction="forward" delta variable="delta B" stoichionetry="1"
</variable_ref>
<variabl e_ref variable="C'>
<rol e rol e="product" direction="forward
</variabl e _ref>
<variabl e_ref variable="D'>
<rol e rol e="product" direction="forward
</variable_ref>
<variabl e_ref variable="r">
<role role="rate">
<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<ci>r </ci>
<appl y><plus />
<appl y><mi nus />
<apply><tinmes />
<ci > kforward </ci>
<ci> A </ci>
<ci> B </ci>
</ appl y>
</ appl y>
<apply><tinmes />
<ci > k_reverse </ci>
<appl y><power />
<ci> C </ci>
<cn cellm :units="di nensionless"> 2.0 </cn>
</ appl y>
<ci> D </ci>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
</rol e>
</variable_ref>
</reaction>

delta_variable="delta_C' stoichionmetry="2" |

delta_variabl e="delta_D"' stoichionmetry="1" /

</ conponent >

<l--
The connections define the mappi ngs between vari abl es declared in
di fferent conmponents. Wien nore than one variable is mapped between
two conponents, all variable nmappings nust be listed in the sane
connection elenent (there can only be one connection between two
conponents) .

-->



<connecti on>
<map_conponents conponent _1="A" conponent 2="basi c_reaction" />
<map_vari abl es variabl e_1="A" variable_2="A" />
<map_vari abl es variable 1="delta A" variable 2="delta A" />

</ connecti on>

<connecti on>
<map_conponents conponent 1="B" conmponent 2="basic_reaction" />
<map_vari abl es variabl e_1="B" variable_2="B" />
<map_vari abl es variable_1="delta_B" variable_2="delta B" />

</ connecti on>

<connecti on>
<map_conponents conponent 1="C' conmponent 2="basic_reaction" />
<map_vari abl es variable_1="C' variable_2="C" />
<map_vari abl es variable_1="delta_C' variable_2="delta C' />

</ connecti on>

<connecti on>
<map_conponents conponent _1="D"' conmponent 2="basi c_reaction" />
<map_vari abl es variable_1="D"' variable_2="D" />
<map_vari abl es variable 1="delta D' variable 2="delta D' />

</ connecti on>

<connection>
<map_conponents conponent 1="A" conponent 2="environnment" />
<map_vari abl es variable_1="tinme" variable_2="tinme" />

</ connecti on>

<connection>
<map_conponents conponent 1="B" conponent 2="environnment" />
<map_vari abl es variable_1="tinme" variable_2="tinme" />

</ connecti on>

<connecti on>
<map_conponents conponent 1="C' conponent 2="environnment" />
<map_vari abl es variable_1="tinme" variable_2="tinme" />

</ connecti on>

<connecti on>
<map_conponents conponent 1="D' conponent 2="environnment" />
<map_vari abl es variable_1="tine" variable_ 2="time" />

</ connecti on>

</ nodel >



