<?xm version="1.0""?>

<I--
FILE : two_reaction_nodel wi th _encapsul ation_raw. xni

CREATED : 18 January 2001
LAST MODI FI ED : 22nd July 2002

AUTHOR : Mel ani e Nel son
Physi ome Sci ences, Inc.

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 | M. Metadata 1.0
Speci ficati on.

DESCRIPTION : This file contains a Cell M. description of an extrenely sinple
reaction/ pathway cellul ar nodel. The nodel and associ ated markup have been
created solely for denobnstration purposes.

CHANGES: Altered "concentration units" to "flux_ units" for delta s in the "total reaction" ¢
-->

<l--
The root element for our Cell M. npdel description is <nodel>. This contains
a "nanme" attribute which would be used if the nbdel were to be conbined with
another 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 ement and all elenents contained within the
<nodel > el ement to the Cell M. nanespace. The second nanespace is again the
Cel | ML nanespace, but this tine declared with an explicit "cellm" prefix.
Thi s decl aration has docunment-w de scope, so the "cellnm" prefix nmay be used
anywhere to nove an elenment or attribute into the Cell ML nanespace.

-->

<nmodel name="two_reaction_nodel w th_encapsul ation" xm ns="http://ww.cellm .org/cellm/1. 0#
<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#" xml ns: bgs="http://ww. cel |

<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: Descri ption> 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" >
<vCard: Fam | y>Nel son</vCard: Fam | y>
<vCard: G ven>Mel ani e</vCard: G ven>
</vCard: N>
<vCar d: ORG rdf: parseType="Resource">
<vCar d: Or gnane>Physi one Sci ences</vCard: O gnane>
</ vCard: ORG>
</ dc: creator>



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

-->

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

</ dcterns: creat ed>

<l--
The Last Modified Date netadata. This is the date on which
the 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="Resour ce" >
<vCard: Fam | y>LI oyd</vCard: Fam | y>
<vCard: G ven>Cat heri ne</vCard: G ven>
<vCard: O her >May</ vCard: O her >
</vCard: N>
</ cneta: nodi fier>
<dct erns: nodi fi ed rdf: parseType="Resource">
<dct er ms: WBCDTF>2001- 01- 22</ dct er ns: WBCDTF>
</ dcterns: nodi fi ed>
</ cnet a: nodi fi cati on>

<!-- The Publisher netadata. -->
<dc: publ i sher >Physi one Sci ences</dc: publ i sher>
</rdf: Description>

<l--
The followi ng netadata refers to the nodel itself, as indicated by the
reference to the ID "two_reaction_nodel _w th _encapsul ation", which is
decl ared on the <nodel > el ement.

-

<rdf: Description rdf:about="#two_reacti on_nodel _wi th_encapsul ati on">
<!-- A human readabl e name for the nodel. -->

<dc:title>A Sinple Two Reaction Mdel Wth Encapsul ation</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 two reaction nodel with

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 conment. -->
<dc: creat or >
<vCar d: FN>Cat heri ne LI oyd</vCard: FN>
</dc:creator>
</ cret a: comment >
</rdf: Description>
</ r df : RDF>

el



<uni ts nane="concentration_units">

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

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

</units>

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

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

</units>

<units name="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 el enent.
-->
<conmponent nane="environnment">
<vari abl e nane="time" public_interface="out" units="second" />
</ conponent >

<l--
The first six conponents correspond to the reactants and products in
the two reactions in this sinple nodel. The next two conponents represent
the el ementary reactions in this nodel: (A + B <-> 2C + D and
C+ E <> F). The final conponent represents the total reaction defined
by this nodel (A + B + 2E <-> 2F), and encapsul ates the internediate
reacti ons and speci es.

Not e that due to the encapsul ation relationship, not all of these
conponents are "visible" to each other. Conponents A B, E, and F nay

be connected to each other, and conponents C, D, first_reaction, and
second_reaction may be connected to each other. However, conponent A,

B, E, or F may not be connected to conponent C or D, since conmponents

C and D are encapsul ated by the total reaction conponent. The two
conmponents representing the el enentary reactions, first_reaction and
second_reaction, are also encapsul ated by the total reaction conponent,
and hidden fromthe unencapsul ated conponents A, B, E, and F. Any
information that is passed from an unencapsul ated conponent to an
encapsul at ed conponent nust be passed through the encapsul ati ng conmponent.
That is, a variable in an unencapsual ted conponent such as A can not be
directly mapped to a variable in an encapsul ated conponent such as

first reaction. It nust first be mapped to a variable in the encapsul ating
conponent, total reaction, and the variable in total reacti on nmapped



to the target variable in the encapsualted conponent.

-->

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

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

<conponent nane="B">
<vari abl e nane="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 > ti ne </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 rxnl" public_interface="in" units="flux_units" />
<vari abl e name="delta_C rxn2" 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> C </ci>
</ appl y>
<appl y><plus />
<ci> deltaCrxnl </ci>
<ci > delta.Crxn2 </ci>
</ appl y>
</ appl y>
</ mat h>
</ conponent >

<conponent name="D">
<vari abl e name="D"' public_interface="out" units="concentration_units" />
<vari abl e nane="delta_D" 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 > tine </ci></bvar>
<ci> D </ci>
</ appl y>
<ci > delta.D </ci>
</ appl y>
</ mat h>
</ conponent >

<conponent name="E">
<vari abl e name="E" public_interface="out" units="concentration_units" />
<vari abl e nane="delta_E" 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 > tine </ci></bvar>
<ci> E </ci>
</ appl y>
<ci> deltaE </ci>
</ appl y>
</ mat h>
</ conponent >

<conponent name="F">
<vari abl e name="F" public_interface="out" units="concentration_units" />
<vari abl e nane="delta_F" 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 />
<appl y><di ff />
<bvar><ci > tine </ci></bvar>
<ci> F </ci>
</ appl y>
<ci> deltaF </ci>
</ appl y>
</ mat h>
</ conponent >

<conponent nane="first_reaction">
<l-- These variables are nodifiable el sewhere and inported. -->
<vari abl e nane="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-- These variables are "private" to this conmponent. -->
<vari abl e name="k_forward" units="second order rate constant" />
<vari abl e name="k _reverse" units="third order _rate constant" />



<variabl e name="r" units="flux_units" />

<l--
The <reaction> elenent is used to indicate which chem cal species are
participating in this reaction, and what role they play in the reaction
-
<reaction>
<variabl e_ref variabl e="A">
<role role="reactant" direction="forward" delta variable="delta A" stoichionetry="1"
</variable_ref>
<variabl e_ref variabl e="B">
<role role="reactant" direction="forward" delta_variable="delta_B" stoichionmetry="1"
</variabl e _ref>
<variabl e_ref variable="C'>
<rol e rol e="product" direction="forward
</variable_ref>
<variabl e_ref variable="D'>
<role role="product" direction="forward" delta_variabl e="delta_D' stoichionmetry="1" |/
</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><m 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 cel I m :units="di mensionless"> 2.0 </cn>
</ appl y>
<ci> D </ci>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
</rol e>
</variabl e _ref>
</reaction>

del ta variable="delta C' stoichionetry="2" |

</ conponent >

<conponent nane="second_reacti on">
<l-- These variables are nodifiable el sewhere and inported. -->
<vari abl e nane="C" public_interface="in" units="concentration_units" />
<vari abl e nane="E" public_interface="in" units="concentration_units" />
<vari abl e name="F" public_interface="in" units="concentration_units" />

<l-- These variables are nodifiable in this conmponent and exported. -->
<vari abl e nane="delta_C"' public_interface="out" units="flux_units" />
<vari abl e nane="delta_E" public_interface="out" units="flux_units" />
<vari abl e nane="delta_F" public_interface="out" units="flux_units" />



<l-- These variables are internal to this component. -->

<vari abl e name="k_forward" units="second order rate constant" />
<vari abl e name="k _reverse" units="first _order_rate _constant" />
<variable name="r" units="flux units" />

<reaction>
<variabl e_ref variable="C'>
<role role="reactant" direction="forward" delta variable="delta C' stoichionetry="1"
</variable_ref>
<variabl e_ref variabl e="E">
<role role="reactant" direction="forward" delta_variable="delta_E" stoichionmetry="1"
</variabl e _ref>
<variabl e_ref variabl e="F"'>
<role rol e="product" direction="forward" delta_variable="delta F" stoichionmetry="2" |
</variable_ref>
<variabl e_ref variable="r">
<role role="rate">
<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<appl y><eq />
<ci>r </ci>
<appl y><plus />
<appl y><mi nus />
<appl y><tinmes />
<ci> kforward </ci>
<ci> C </ci>
<ci> E </ci>
</ appl y>
</ appl y>
<appl y><tines />
<ci > k_reverse </ci>
<ci> F </ci>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
</rol e>
</variabl e _ref>
</reaction>

</ conponent >

<l--
The total reaction conponent encapsul ates the internedi ate reactions and
i nternedi ate species involved in the total reaction (A + B + 2E <-> 2F).
It contains no math of its own, but does contain a reaction el enent, which
declares the participants in the overall reaction. Note that it would
technically be possible to derive the information in the total reaction's
reaction elenment fromthe reaction elenents of the encapsul at ed
reactions (first_reaction and second_reaction).

-->

<conponent nane="total reaction">
<l--

These vari abl es are inported from unencapsul ated (sibling) conponents
(public_interface="in"), and passed on to encapsul ated conponents
(private_interface="out").

-->

<vari abl e name="A" public_interface="in" private_ interface="out" units="concentration_un

<vari abl e name="B" public_interface="in" private_ interface="out" units="concentration_un



<vari abl e name="E" public_interface="in" private_interface="out" units="concentration_un
<vari abl e name="F" public_interface="in" private_interface="out" units="concentration_un
<vari abl e nane="time" public_interface="in" private_interface="out" units="second" />

<l--
These vari abl es are inported from encapsul at ed conponents
(private_interface="in") and exported to the rest of the network
(public_interface="out").
-->
<vari abl e name="delta_A" public_interface="out" private_ interface="in" units="flux units
<vari abl e name="delta_B" public_interface="out" private_interface="in" units="flux_units
<vari abl e name="delta_E" public_interface="out" private_interface="in" units="flux_units
<vari abl e name="delta_F" public_interface="out" private_interface="in" units="flux_units

<l--
The <reaction> elenent in the encapsul ating reaction conponent shoul d
describe the result of all of the encapsul ated detail qualitatively.
For this reason the delta variable attributes are not used on the
<role> elenments, so that no mathematics is inplicitly defined, which
woul d duplicate the nmathematics that nay be defined within the
encapsul ated conponents. The information here allows software to generate
the equati on and pathway di agrans representations of the total reaction
-
<reaction>
<variabl e_ref variabl e="A">
<role role="reactant" direction="forward
</variabl e _ref>
<variabl e_ref variabl e="B">
<role role="reactant" direction="forward'
</variable_ref>
<variabl e_ref variabl e="E"'>
<role role="reactant" direction="forward
</variabl e _ref>
<variabl e_ref variable="F">
<rol e rol e="product" direction="forward" stoichiometry="2" />
</variable_ref>
</reaction>

stoi chionmetry="1" />

stoi chionmetry="1" />

stoi chionmetry="1" />

</ conponent >

<l--
The group el ement creates the encapsul ation relationship. The total reaction
conponent encapsul ates two internediate reactions and two internediate
speci es.
-
<group>
<rel ationshi p_ref rel ationshi p="encapsul ati on" />
<conponent ref conponent="total reaction">
<conponent _ref conmponent="first_reaction" />
<conponent _ref conmponent ="second_reaction" />
<conponent _ref conmponent="C"' />
<conponent ref conmponent="D"' />
</ conponent ref>
</ group>
<l--

The connections define the nmappings between variabl es declared in
di fferent conponents. Note the two step mapping of variabl es decl ared
i n an unencapsul ated conponent (such as "A") to an encapsul ated conponent



(such as "first_reaction").
-
<connecti on>
<map_conponents conponent 1="A" conmponent 2="total 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="total _reaction" />
<map_vari abl es variable_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' conponent 2="first_reaction" />
<map_vari abl es variabl e_1="C"' variable_2="C"' />
<map_vari abl es variable_1="delta_C rxnl" variable_2="delta_C' />
</ connecti on>

<connecti on>
<map_conponents conponent 1="C' conmponent 2="second_reaction" />
<map_vari abl es variabl e_1="C"' variable_2="C"' />
<map_vari abl es variable_1="delta_C rxn2" variable_2="delta C' />
</ connecti on>

<connecti on>
<map_conponents conponent 1="D' conmponent 2="first 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>

<connecti on>
<map_conponents conponent _1="E" conmponent 2="total _reaction" />
<map_vari abl es variable_1="E" variable_ 2="E" />
<map_vari abl es variable 1="delta E" variable 2="delta E" />

</ connecti on>

<connection>
<map_conponents conponent 1="F" conmponent 2="total reaction" />
<map_vari abl es variabl e_1="F" variable_2="F" />
<map_vari abl es variable 1="delta F" variable 2="delta F' />

</ connecti on>

<connecti on>
<map_conponents conponent 1="first_reaction" conponent_2="total reaction
<map_vari abl es variable_1="A" variable 2="A" />
<map_vari abl es variable_1="delta_A" variable_2="delta A" />
<map_vari abl es variable_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="second reaction" conponent_ 2="total reaction" />
<map_vari abl es variabl e_1="E" variable_2="E" />
<map_vari abl es variable 1="delta E" variable 2="delta E" />
<map_vari abl es variable_1="F" variable 2="F" />
<map_vari abl es variable_1="delta_F" variable_2="delta F' />
</ connecti on>

<l--
The unencapsul at ed conponents A, B, E, and F can receive the "tinme"
variable directly fromthe environnent conponent (al so unencapsul ated).
In contrast, the encapsul ated conponents C and D nust receive all variables
fromthe encapsul ati ng conponent, "total reaction", or from other conponents
encapsual ted by the total reaction conponent. Therefore, "tine" is passed
fromthe environnent conponent to the total reaction conponent, and
then on to the C and D conponents.

-->

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

</ connecti on>

<connecti on>
<map_conponents conponent _1="B" conponent _2="environment" />
<map_vari abl es variable_1="tine" variable_2="time" />

</ connecti on>

<connecti on>
<map_conponents conponent _1="E" conponent _2="environment" />
<map_vari abl es variable_1="tine" variable_ 2="time" />

</ connecti on>

<connecti on>
<map_conponents conponent _1="F" conponent _2="environment" />
<map_vari abl es variable_1="tine" variable_ 2="time" />

</ connecti on>

<connecti on>
<map_conponents conponent _1="total _reaction" conponent_2="environnment" />
<map_vari abl es variable_1="tinme" variable_2="tinme" />

</ connecti on>

<connecti on>
<map_conponents conponent _1="C' conponent 2="total _reaction" />
<map_vari abl es variable_1="time" variable_2="tinme" />

</ connecti on>

<connection>
<map_conponents conponent 1="D' conmponent 2="total reaction" />
<map_vari abl es variable 1="tine" variable 2="tinme" />

</ connecti on>



</ nodel >



