<?xm version="1.0""?>

<l-- FILE : smth_cranpin_Na K punp_2004. xm
CREATED : 26th April 2004

LAST MODI FIED : 26th April 2004

AUTHOR : Alice Boit
Bi oengi neering Institute
The University of Auckl and

MODEL STATUS : This nodel confornms to the Cell M. 1.0 Specification rel eased on
10t h August 2001, and the 16/01/2002 Cell M. Metadata 1.0 Specification.

DESCRIPTION : This file contains a Cell M. description of NN P. Smith’ and E. Cranpin’s 2004 i

CHANGES:

-->

<nmodel name="smith_cranpi n_Na_K punp_2004" cneta:id="snith_cranpin_Na_K punp_2004" xm ns="htt
<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" xm 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: Description> el enent.
-->
<rdf: Description rdf:about="">
<I--
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="Resource" >
<vCar d: Fami | y>Boi t </ vCar d: Fam | y>
<vCard: G ven>Al i ce</vCard: G ven>
</vCard: N>
<vCard: EMAI L rdf: parseType="Resource">
<rdf: val ue>a. boi t @uckl and. ac. nz</ r df : val ue>
<rdf:type rdf:resource="http://inc.org/vCard/ 3. 0#i nternet" />
</ vCard: EVAI L>
<vCar d: ORG rdf: parseType="Resource">
<vCar d: Or gname>The Uni versity of Auckl and</vCard: Or ghane>
<vCard: Orguni t >The Bi oengi neering Institute</vCard: Orgunit>
</ vCard: ORG>
</dc:creator>

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

—_

<dcterns: created rdf:parseType="Resource">
<dct er ns: WBCDTF>2004- 04- 26</ dct er ns: WBCDTF>

</ dcterns: created>



<!-- 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 ID "snith _cranpin_Na K punp 2004", which is declared on the
<nmodel > el enent .

-->

<rdf: Description rdf:about="#smth_cranpi n_Na_K punp_2004">
<!-- A human readabl e name for the nodel. -->
<dc:title>
N. P. Smith and E. Cranpin’s 2004 mat hemati cal nodel of the cardi ac sodi um potassi ul
</dc:title>

<!-- A comment regarding the nodel. -->
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
This is the Cel | M. description of N P. Smith' and E. Crampin’s 2004
mat hemati cal nodel of the cardiac sodi um potassi um punp.
</rdf:val ue>
<!-- The creator of the conment. -->
<dc: creator rdf:parseType="Resource">
<vCard: FN>Al i ce Boit</vCard: FN>
</ dc:creator>
</ cret a: comment >

<cmet a: bio_entity>Cardi ac Myocyte</cneta: bio_entity>

<l--  Keyword(s) -->
<bgs: reference rdf: parseType="Resource">
<dc: subj ect rdf: parseType="Resource">
<bgs: subj ect _type>keywor d</ bgs: subj ect _type>
<rdf:val ue>
<rdf : Bag>
<rdf:li>Cardi ac Myocyte</rdf:1i>
<rdf:li>Cardi ac El ectrophysiol ogy</rdf:li>
<rdf:li>el ectrophysiol ogy</rdf:Ili>
</ rdf: Bag>
</rdf:val ue>
</ dc: subj ect >
</ bgs: reference>

<I--
The Cel | M. Metadata Specification recommends that bibliographic netadata
is used to provide informati on about the original nodel reference. The
"identifier" attribute on the "Bibliographi cRef erence" class provides an
el egant way to identify a cited reference using a database identifier
such as Pubned. All associated data such as author, journal title,
date, etc can be | ooked up on the database.

—_

<bgs: reference rdf: parseType="Resource">
<!--In Press at the tinme the nodel was coded. WI| be added |ater-->

<bgs: Pubned_id> </ bgs: Pubned_i d>
<bgs: Journal Article rdf: parseType="Resource">
<dc: creator>



<rdf: Seqg>
<rdf:li rdf:parseType="Resource">
<bgs: Person rdf: parseType="Resource">
<vCard: N rdf: parseType="Resour ce" >
<vCard: Fam | y>Smi t h</vCar d: Fami | y>
<vCard: G ven>N</vCard: G ven>
<vCard: & her >P</vCard: O her >

</ vCard: N>
</ bgs: Per son>
<frdf:li>
<rdf:li rdf:parseType="Resource">

<bgs: Person rdf: parseType="Resource">
<vCard: N rdf: parseType="Resour ce" >
<vCar d: Fani | y>Cr anpi n</ vCard: Fani | y>

<vCard: G ven>E</vCard: G ven>
<vCard: G ven>J</vCard: G ven>
</vCard: N>
</ bgs: Per son>
</rdf:li>

</rdf: Seq>
</ dc: creator>
<dc:title>

Devel opnent of nodels of active ion transport for whol e-cell

</dc:title>

<!--In Press at the tine the nodel was coded. WII

<dcterms:issued rdf: parseType="Resource">
<dct er ms: WBCDTF>2004</ dct er ms: WBCDTF>

</dcterns:issued>

<bgs: Jour nal rdf: parseType="Resource">

<dc:title>Progress in Biophysics & Mol ecul ar Biology</dc:title>

</ bgs: Jour nal >
<bgs: vol une />
<bgs: first_page />
<bgs: | ast_page />
</ bgs: Journal Arti cl e>
</ bgs: ref erence>
</rdf: Description>
</ rdf : RDF>

<units nanme="ns">

<unit prefix="mlli" units="second" />
</units>
<units name="nVv'>

<unit prefix="mlli" units="volt" />
</units>

<uni ts name="nV_per_ns">
<unit units="nVv' />
<unit units="ns" exponent="-1" />
</units>
<uni ts nanme="nmM >
<unit prefix="nano" units="nole" />
<unit prefix="mlli" units="nmetre" exponent="-3"
</units>
<uni ts nanme="nM per_ns">
<unit units="nmM' />
<unit units="ns" exponent="-1" />

/>

nodel | i ng:

be added | ater-->

cardi ac soc



</ units>
<uni ts nanme="uA">

<unit prefix="mcro" units="anpere" />
</units>

<l-- dobal units used in the NaK punp-->

<uni ts nanme="concentration">

<unit prefix="mlli" units="nole" />
<unit units="litre" exponent="-3" />
</units>

<units name="energy">
<unit units="joule" />
<unit units="nole" exponent="-1" />
</units>
<uni ts name="gas_constant">
<unit units="joule" />
<unit units="nole" exponent="-1" />
<unit units="kelvin" exponent="-1" />
</units>
<uni ts nane="faraday_constant">
<unit units="coul onb" />
<unit units="nole" exponent="-1" />
</units>
<units nanme="rate">
<unit units="second" exponent="-1" />
</units>
<units nane="ninus_kl rate">
<unit units="second" exponent="-1" />
<unit units="nM exponent="-1" />
</units>
<units name="m nus_k3 rate">
<unit units="second" exponent="-1" />
<unit units="nM exponent="-2" />
</units>
<uni ts nane="rate_di agram suni >
<unit units="second" exponent="-3" />
</units>

<l-- interface conmponent -->
<conponent nane="interface">
<l-- Variables we expect to be set/controlled externally -->

<vari abl e nane="t" private_interface="out" units="ns" />
<vari abl e name="Vm' private_ interface="out" initial_val ue="-150" units="nmv" />

<l-- Variables used in the NaK punp we expect to be set/controlled externally -->

<vari abl e nane="cMJADP" private_interface="out" initial_value="0.01" units="concentration"

<variable name="cNa_i" private_interface="out" initial_value="50." units="concentration" /:

<l-- Variables used in the NaK punp we want to nake avail able externally and which are conput



<l-- Cycle rate of Na/K-punmp -->
<vari abl e nane="v_cyc" public_interface="out" private_interface="in" units="rate" />

<l-- Net Free Energy of cycle -->
<vari abl e name="net _free_energy" public_interface="out" private_interface="in" units="ener

<!-- Sone dunmy ODEs as a nmeans to handle the three input variables
(menbrane potential, ADP concentration, cytosolic sodiumconcentration)-->

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<apply><di ff />
<bvar ><ci >t </ ci ></ bvar >
<ci >Vnx/ ci >
</ appl y>
<cn cellm:units="nmV_per_ns">1.0</cn>
</ appl y>
</ mat h>
<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y><eq />
<appl y><di ff />
<bvar ><ci >t </ ci ></ bvar >
<ci >cMyADP</ ci >
</ appl y>
<cn cellm:units="concentration">0.0</cn>
</ appl y>
</ mat h>
<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<appl y><eq />
<appl y><di ff />
<bvar ><ci >t </ ci ></ bvar >
<ci >cNa.i </ ci >
</ appl y>
<cn cellm :units="concentration">0.0</cn>
</ appl y>
</ mat h>

</ conponent > <! --EO interface-->

<conponent name="NaK_punp">

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#NaK punp">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
The Na/ K-punp is an energy-consumni ng transporter channel wi thin the nenbrane.
It is indispensible for maintaining the el ectrochenical gradients of the invol ve
across the nmenbrane which result in resting Vm The punp splits up one ATP nol ect
conformati onal change transporting 3Na outwards and 2K i nwards in each cycle.
</ rdf:val ue>
</ cret a: comment >
</rdf: Description>
</ rdf : RDF>



<l --

<l--

Vari abl es and Paraneters -->

Body tenperature -->

<vari abl e name="body_t enp" private_interface="out" initial_value="310." units="kelvin" />

<l --

Ceneral constants -->

<vari abl e nane="gas_const" private_interface="out" initial_value="8.314" units="gas_constal
<vari abl e nane="faraday_const" private_interface="out" initial_value="96485." units="farad:

<l --

<l --

Foward and backward rate constants of the reduced 4-state cycle. They are naned with 'k’

<vari abl e nane="k1" initial_value="1050." units="rate" />

<vari abl e nane="m nus_k1" initial_value="172.1" units="m nus_kl_rate" />
<vari abl e name="k2" initial_value="481." units="rate" />

<vari abl e name="m nus_k2" initial_value="40.1" units="rate" />

<vari abl e name="k3" initial_value="2000." units="rate" />

<vari abl e name="m nus_k3" initial _ value="79287.1" units="m nus_k3 rate" />
<vari abl e nane="k4" initial_value="320." units="rate" />

<vari abl e name="m nus_k4" initial_value="40.1" units="rate" />

Kinetic paraneters (e: extracellular, i: intracellular). They represent the ratio of col
Not e:
the Na-equilibriumconstants are set to a

baseline | evel here because they are functions of Vm see inplenentation below -->

<vari abl e name="eq_Na_base_e" initial_value="15.5" units="concentration" />

<vari abl e name="eq_Na_base i" initial_value="2.49" units="concentration" />

<variabl e name="eq_K e" initial_value="0.213" units="concentration" />

<variable name="eq_K i" initial _value="0.5" units="concentration" />

<vari abl e name="eq_MJATP" initial value="2.51" units="concentration" />

<variabl e name="eq_HPi " initial_val ue="0.000169" units="concentration" />

<variabl e name="eq_KPi " initial _value="292." units="concentration" />

<vari abl e nane="eq_NaPi " initial_value="224." units="concentration" />

<l-- To arrange the calculations for the final transition rates nore clearly, we introduc

anot her paraneter set which consists of the ratios between each ion concentration and its¢
correspondi ng equilibriumconstant. These ratios are di nensionl ess because we assi gned
concentration units to the equilibriumconstants.-->

<variabl e name="dimess _Na e" initial_value="0." units="di nensionl ess" />
<variable name="dimess Na i" initial_value="0." units="di nensionl ess" />
<vari abl e nane="di m ess_K e" initial_value="0." units="di nensionl ess" />
<vari abl e nane="dimess_K i" initial_value="0." units="di nensionl ess" />
<vari abl e nane="di m ess_MJATP" initial value="0." units="di nensionl ess" />

<l-- Apparent transition rates of the |unped schene. These 'alpha's are the actual rate ¢
in the calculation of the cycle rate v_cyc.

Conputing the "al pha’s nost tines involves the rate constants nanmed with "k’s and the di
cal cul ated before, so that the outconme is in usual reaction rate units of [1/s]. -->
<vari abl e name="al phal" initial _value="1.0" units="rate" />

<vari abl e name="al pha2" initial _value="1.0" units="rate" />

<vari abl e nane="al pha3" initial_value="1.0" units="rate" />

<vari abl e nane="al pha4" initial _value="1.0" units="rate" />



<vari abl e name="m nus_al phal” initial_value="1.0" units="rate" />
<vari abl e name="m nus_al pha2" initial_value="1.0" units="rate" />
<vari abl e nane="m nus_al pha3" initial_value="1.0" units="rate" />
<vari abl e nane="m nus_al pha4" initial_value="1.0" units="rate" />

<l-- Mol ecul ar concentrations -->

<vari abl e name="cNa_e" initial_ value="150." units="concentration" />
<vari abl e nane="cK e" initial_value="5.4" units="concentration" />

<vari abl e nanme="cK_i" initial_value="140." units="concentration" />
<vari abl e name="cMJATP" initial value="9.8" units="concentration" />
<vari abl e name="cPi _sum' initial_value="4.2" units="concentration" />
<variabl e name="cPi" initial _value="0." units="concentration" />

<vari abl e name="cH" initial_val ue="0.000081283" units="concentration" />

<l-- Energy required to run the punp per cycle consists of two terns; the Na and K contr
<vari abl e name="dG _Na" units="energy" />

<vari abl e name="dG K" units="energy" />

<vari abl e nane="dG punp" units="energy" />

<l-- Free Energy of ATP hydrolysis -->
<vari abl e name="dG_ATP" units="energy" />

<l-- Partition factor that determ nes how the voltage dependency of the two Na equilibrium cc
<vari abl e nane="partition_factor" initial_value="-0.031288692380984445" units="di nensi onl ess’
<l-- Diagram sum of the four states for the denom nator used in cal culation of cycle rate v_«
<vari abl e name="di agram sunf initial_value="0.0" units="rate_diagram sunt />

<l-- Inputs -->

<l-- Externally set variables: Vm cMJADP and cNa_i should be regulated via the interface --

<vari abl e nane="Vnm' public_interface="in" private_interface="out" units="nV"' />
<vari abl e name="cMJADP" public_interface="in" private_interface="out" units="concentration" /
<variable name="cNa_i" public_interface="in" private_interface="out" units="concentration" /:

<l-- Qutputs conputed here -->

<l-- Clockw se cycle rate-->
<vari abl e name="v_cyc" public_interface="out" units="rate" />

<l-- Net Free Energy of cycle -->
<vari abl e nane="net free_energy" public_interface="out" units="energy" />

<l-- conpute the concentration of free inorganic phosphate-->

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#cPki">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of the concentration of free inorgani c phosphate cPi
related to the total neasurable concentration given by cPi _sum
</rdf:val ue>



</ cnet a: comment >
</rdf: Description>
</ r df : RDF>

<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="cPi"><eq />
<ci >cPi </ ci >
<appl y><di vi de />
<ci >cPi _sunx/ ci >

<appl y><plus />
<cn cellm :units="di nensi onl ess">1. 0</ cn>
<appl y><di vi de />
<ci >cK.l </ ci >
<ci >eq-KPi </ ci >
</ appl y>
<appl y><di vi de />
<ci >cH</ ci >
<ci >eq-HPi </ ci >
</ appl y>
<appl y><di vi de />
<ci >cNa. </ ci >
<ci >eq_NaPi </ ci >

</ appl y>
</ appl y>
</ appl y>
</ appl y>
</ mat h>
<l-- conpute energy required to run punp i n dependence of

Vm (a positive tern).

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >

<rdf: Description rdf:about="#dG Na_cal c_eq">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>

Cal cul ation of the Na contribution to dGpunp.

</ rdf:val ue>
</ cnet a: comment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="dG _Na_cal c"><eq />
<ci >dG.Na</ ci >
<appl y><ni nus />
<appl y><tines />
<ci >gas_const </ ci >
<ci >body_t emp</ ci >
<apply><In />
<appl y><di vi de />
<ci >cNa_e</ ci >
<ci >cNa.i </ ci >
</ appl y>
</ appl y>
</ appl y>
<appl y><tines />
<ci >f araday.-const </ ci >

First,

the N



<cn cell m :units="di nensi onl ess">0. 001</cn>
<ci >Vnx/ ci >
</ appl y>
</ appl y>
</ appl y>
</ mat h>

<l --K-contribution-->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#dG K cal c_eq">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the K contribution to dGpunp.
</ rdf:val ue>
</ cret a: comment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="dG K cal c"><eq />
<ci >dGK</ ci >
<appl y><plus />
<appl y><tines />
<ci >gas_const </ ci >
<ci >body_t emp</ ci >
<apply><In />
<appl y><di vi de />
<ci >cK.i </ ci >
<ci >cKe</ci >
</ appl y>
</ appl y>
</ appl y>
<appl y><tines />
<ci >f araday_const </ ci >
<cn cel |l m :units="di nensi onl ess">0. 001</cn>
<ci >Vnx/ ci >

</ appl y>
</ appl y>
</ appl y>
</ mat h>
<l-- conpute energy required to run punp by adding the two contributions-->

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#dG punp_cal c_eq">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of dGpunp.
</rdf:val ue>
</ cmet a: conment >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="dG punp_cal c"><eq />



<ci >dGpunp</ ci >
<appl y><plus />
<appl y><tines />
<cn cellm :units="di nensi onl ess">2. 0</cn>
<ci >dGK</ ci >
</ appl y>
<appl y><tines />
<cn cellm :units="di nensi onl ess">3. 0</ cn>
<ci >dG.Na</ ci >

</ appl y>
</ appl y>
</ appl y>
</ mat h>
<l-- conpute energy rel eased by exergonic hydrolysis of ATP (a negative term.-->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#dG ATP cal c">
<cmet a: coment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation the energy rel eased by ATP hydrol ysis.
</ rdf:val ue>
</ cret a: comment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="dG _ATP_cal c"><eq />
<ci >dGATP</ ci >

<appl y><ni nus />
<cn cel I m :units="energy">-29600. </ cn>
<appl y><tines />
<ci >gas._const </ ci >
<ci >body_t enp</ ci >
<apply><In />
<appl y><di vi de />
<ci >cMgATP</ ci >
<apply><tinmes />
<cn cellm :units="di mensi onl ess">0. 001</cn>
<ci >cMgADP</ ci >
<ci >cPi </ci >
</ appl y>
</ appl y>
</ appl y>
</ appl y>
</ appl y>

</ appl y>
</ mat h>

<l-- conpute net free energy by suming up the |ast two energy terns-->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#dG ATP_cal c">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation the net free energy of the cycle.



</ rdf:val ue>
</ cnet a: comment >
</ rdf: Description>
</ r df : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >

<apply id="net_free_energy_cal c"><eq />
<ci >net free_energy</ci>
<appl y><plus />

<ci >dGATP</ ci >
<ci >dGpunp</ ci >

</ appl y>

</ appl y>

</ mat h>

<l-- conpute punp cycle rate in dependence of the rate constants. First, calculate the dinens
paraneters which represent ratios between each ion concentration and its
correspondi ng equilibriumconstant. Then use these paraneters to define the rate constants
| unped schenme (the ’al pha' s)-->

<l-- calculate dinfess Na i -->

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#" >
<rdf: Description rdf:about="#dimess Na i">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the dinless Na.i parameter which is a function of Vm because the e
dependent on Vm (whi ch occurs in the denoni nator’s exponential).
</rdf:val ue>
</ cmet a: conment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="dimess Na i calc"><eq />
<ci >di m ess_Na.i </ ci >

<appl y>
<di vide />
<ci >cNa. </ ci >
<appl y><tines />
<ci >eq_Na_base. </ ci >
<appl y><exp />
<appl y><di vi de />
<appl y><tines />
<ci >partitionfactor</ci>
<ci >f araday _const </ ci >
<cn cell m : units="di nensi onl ess">0. 001</cn>
<ci >Vnx/ ci >
</ appl y>
<appl y><tines />
<cn cellm :units="di nensi onl ess">3. 0</cn>
<ci >gas_const </ ci >
<ci >body_t emp</ ci >
</ appl y>
</ appl y>
</ appl y>
</ appl y>



</ appl y>

</ appl y>
</ mat h>
<l-- calculate dinless Na e -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#di m ess Na e">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the dinm ess Nae paraneter which is a
function of Vm because the equilibriumconstant is
dependent on Vm (whi ch occurs in the denom nator’s exponential). Note that the pq
vol t age dependency in the exponential corresponds to the previous cal cul ati on of
</ rdf:val ue>
</ cret a: comment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="dimess_Na_e calc"><eq />
<ci >di ml ess_Na_e</ci >

<appl y>
<divide />
<ci >cNa_e</ci >
<apply><tinmes />
<ci >eq_Na_base_e</ci >
<appl y><exp />
<appl y><di vi de />
<apply><tinmes />
<appl y><plus />
<cn cellm :units="di nensi onl ess">1. </ cn>
<ci>partitionfactor</ci>
</ appl y>
<ci >f ar aday_const </ ci >
<cn cel |l m :units="di nensi onl ess">0. 001</cn>
<ci >Vnx/ ci >
</ appl y>
<appl y><tines />
<cn cel I m :units="di mensi onl ess">3. 0</ cn>
<ci >gas_const </ ci >
<ci >body_t emp</ ci >
</ appl y>
</ appl y>
</ appl y>
</ appl y>
</ appl y>

</ appl y>
</ mat h>
<l-- calculate dinmless Ki -->

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#dinmess Ki">



<cnet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of the dinlessK.i paraneter.
</rdf:val ue>
</ cret a: comrent >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="dimess Ki calc"><eq />
<ci >di m ess K. </ ci >
<appl y>
<di vide />
<ci >cK. </ ci >
<ci >eq-K. </ ci >

</ appl y>
</ appl y>
</ mat h>
<l-- calculate dimess Ke -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#din ess_K e">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of the dinlessKe paraneter.
</ rdf:val ue>
</ cret a: comment >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="dimess_K e calc"><eq />
<ci >di m ess Ke</ci >
<appl y>
<di vide />
<ci >cK.e</ci >
<ci >eq-Ke</ci >
</ appl y>
</ appl y>
</ mat h>

<l-- calculate diness MJATP -->

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#di M ess_MATP" >
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of the diml ess.MJATP paraneter.
</rdf:val ue>
</ cret a: comrent >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_." >
<apply id="di m ess_ MJATP_ cal c"><eq />
<ci >di ml ess_MyATP</ ci >



<appl y>

<di vide />

<ci >cMyATP</ ci >
<ci >eq-MyATP</ ci >

</ appl y>
</ appl y>
</ mat h>
<l-- nowthe transition rates: calculate al phal -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22- r df - synt ax- ns#" >
<rdf: Description rdf:about ="#al phal">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the foward transition rate called alphal fromthe first to the sec
</ rdf:val ue>
</ cmet a: comment >
</ rdf: Description>
</ r df : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="al phal_cal c"><eq />
<ci >al phal</ci >

<appl y><di vi de />

<apply><times />
<ci >k1</ci >

<appl y><power />

<ci >di m ess_Na.i </ ci >
<cn cellm:units="di nensi onl ess">3</cn>
</ appl y>

</ appl y>

<appl y><ni nus />
<appl y><plus />
<appl y><power />
<appl y><pl us />
<cn cell m :units="di nmensi onl ess">1. 0</ cn>
<ci >di m ess_Na.i </ ci >
</ appl y>
<cn cell nm :units="di nensi onl ess">3</cn>
</ appl y>
<appl y><power />
<appl y><plus />
<cn cell m :units="di nensi onl ess">1. 0</cn>
<ci >di m ess_K. </ ci >

</ appl y>
<cn cell m : units="di nensi onl ess" >2</cn>
</ appl y>
</ appl y>
<cn cellm :units="di nensi onl ess">1. 0</cn>
</ appl y>
</ appl y>
</ appl y>

</ mat h>



<l-- calculate al pha2 -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about ="#al pha2">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the foward transition rate called al pha2 fromthe second to the tl
Note that this transition rate is identical to k2 because state P7 (see paper) is not a | unpe
</rdf:val ue>
</ cret a: comrent >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="al pha2_cal c"><eq />
<ci >al pha2</ci >
<ci >k2</ ci >

</ appl y>
</ mat h>
<l-- calculate al pha3 -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about ="#al pha3">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the foward transition rate called al pha3 fromthe third to the fot
</rdf:val ue>
</ cret a: comrent >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="al pha3_cal c"><eq />
<ci >al pha3</ci >

<appl y><di vi de />

<appl y><tinmes />
<ci >k3</ci >

<appl y><power />

<ci >di m ess_Ke</ci >
<cn cel |l m :units="di nensi onl ess" >2</cn>
</ appl y>

</ appl y>

<appl y><mi nus />
<appl y><pl us />
<appl y><power />
<appl y><pl us />
<cn cell m :units="di nensi onl ess">1. 0</cn>
<ci >di m ess_Na_e</ci >
</ appl y>
<cn cell m : units="di nensi onl ess">3</cn>
</ appl y>
<appl y><power />
<appl y><plus />
<cn cell m :units="di nensi onl ess">1. 0</cn>



<ci >di m ess_Ke</ci >
</ appl y>
<cn cell nm :units="di nensi onl ess">2</cn>
</ appl y>
</ appl y>
<cn cellm :units="di nensi onl ess">1. 0</ cn>
</ appl y>
</ appl y>

</ appl y>
</ mat h>

<l-- calculate al phad4 -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#al pha4">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the foward transition rate called alpha4 fromthe fourth to the fi
</rdf:val ue>
</ cret a: comment >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="htt p://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="al pha4_cal c"><eq />
<ci >al pha4</ci >
<appl y><di vi de />
<appl y><tines />
<ci >k4</ ci >
<ci >di M ess_MyATP</ ci >
</ appl y>

<appl y><plus />
<cn cel I m :units="di mensionl ess">1. 0</ cn>
<ci >di M ess_MyATP</ ci >

</ appl y>
</ appl y>
</ appl y>
</ mat h>
<l-- now the reverse recation rates: calculate m nus_al phal -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#m nus_al phal">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the reverse transition rate called nminus.al phal fromthe second to
</ rdf:val ue>
</ cmet a: conment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="m nus_al phal_cal c"><eq />
<ci >m nus_al phal</ci >
<appl y><tines />



<ci >m nus_k1</ci >
<ci >cMyADP</ ci >

</ appl y>
</ appl y>
</ mat h>
<!-- calculate mnus_al pha2 -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#m nus_al pha2">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the reverse transition rate called minus.al pha2 fromthe 3rd to th
</ rdf:val ue>
</ cret a: comment >
</ rdf: Description>
</ r df : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="m nus_al pha2_cal c"><eq />
<ci >m nus_al pha2</ ci >

<appl y><di vi de />

<apply><tinmes />
<ci >m nus k2</ci >

<appl y><power />

<ci >di m ess_Na_e</ci >
<cn cellm:units="di nensi onl ess">3</cn>
</ appl y>

</ appl y>

<appl y><mi nus />
<appl y><plus />
<appl y><power />
<appl y><pl us />
<cn cell m :units="di nmensi onl ess">1. 0</ cn>
<ci >di m ess_Na_e</ci >
</ appl y>
<cn cell nm :units="di nensi onl ess">3</cn>
</ appl y>
<appl y><power />
<appl y><pl us />
<cn cell m :units="di nensi onl ess">1. 0</cn>
<ci >di m ess_Ke</ci >
</ appl y>
<cn cell m : units="di nensi onl ess" >2</cn>
</ appl y>
</ appl y>
<cn cellm:units="di nensi onl ess">1. 0</ cn>
</ appl y>
</ appl y>
</ appl y>
</ mat h>

<l-- calculate mnus_al pha3 -->



<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#m nus_al pha3">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the reverse transition rate called nminus.al pha3 fromthe fourth to
</ rdf:val ue>
</ cret a: comment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<apply id="m nus_al pha3_cal c"><eq />
<ci >m nus_al pha3</ci >
<appl y><di vi de />
<appl y><tines />
<ci >m nus _k3</ ci >
<ci >cPi </ ci >
<ci >cH</ ci >
</ appl y>

<appl y><plus />
<cn cell m :units="di nensi onl ess">1. 0</ cn>
<ci >di ml ess_MyATP</ ci >

</ appl y>
</ appl y>
</ appl y>
</ mat h>
<l-- calculate mnus_al phad4 -->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#m nus_al pha4">
<cmet a: conment rdf: parseType="Resource">
<rdf:val ue>
Cal cul ation of the reverse transition rate called mnus.al pha4d fromthe first to
</ rdf:val ue>
</ cret a: comment >
</rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<apply id="m nus_al pha4_cal c"><eq />
<ci >m nus_al pha4</ ci >

<appl y><di vi de />

<appl y><tines />
<ci >m nus k4</ci >

<appl y><power />

<ci >di m ess_K. </ ci >
<cn cellm:units="di nensi onl ess">2</cn>
</ appl y>

</ appl y>

<appl y><mi nus />
<appl y><plus />
<appl y><power />
<appl y><plus />



<cn cel |l m :units="di nmensi onl ess">1. 0</cn>
<ci >di m ess_Na.i </ ci >
</ appl y>
<cn cell nm :units="di nensi onl ess">3</cn>
</ appl y>
<appl y><power />
<appl y><pl us />
<cn cell m :units="di nmensi onl ess">1. 0</cn>
<ci >di m ess_K. </ ci >
</ appl y>
<cn cell m : units="di nensi onl ess" >2</cn>
</ appl y>
</ appl y>
<cn cellm:units="di nensionl ess">1. 0</cn>
</ appl y>
</ appl y>

</ appl y>
</ mat h>

<l-- now we can cal cul ate the denom nator of the clockw se cycle rate v_cyc which is the si

<rdf: RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#" >
<rdf: Description rdf:about="#di agram sun'>
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of the diagram sumused in the denom nator of the equation of cycle i
</ rdf:val ue>
</ cmet a: conment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="di agram suni ><eq />
<ci >di agramsunx/ ci >

<appl y><plus />
<appl y><tinmes />
<ci >m nus_al pha3</ ci
<ci >m nus_al pha2</ci
<ci >m nus_al phal</ci
</ appl y>
<apply><times />
<ci >al pha4</ci >
<ci >m nus_al pha2</ci
<ci >m nus_al phal</ci
</ appl y>
<appl y><tinmes />
<ci >al pha4</ci >
<ci >al pha2</ci >
<ci >al pha3</ci >
</ appl y>
<apply><tinmes />
<ci >al pha4</ci >
<ci >m nus_al phal</ ci
<ci >al pha3</ci >
</ appl y>
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<appl y><tinmes />
<ci >m nus_al pha3</ ci
<ci >m nus.al pha2</ci
<ci >al phal</ci >
</ appl y>
<apply><tinmes />
<ci >al pha4</ci >
<ci >m nus_al pha2</ ci
<ci >al phal</ci >
</ appl y>
<appl y><tinmes />
<ci >al pha4</ci >
<ci >al phal</ci >
<ci >al pha3</ci >
</ appl y>
<appl y><tines />
<ci >m nus_al pha3</ ci
<ci >al phal</ci >
<ci >al pha2</ci >
</ appl y>

<apply><times />
<ci >al pha4</ci >
<ci >al phal</ci >
<ci >al pha2</ci >
</ appl y>
<appl y><tinmes />
<ci >al phal</ci >
<ci >al pha2</ci >
<ci >al pha3</ci >
</ appl y>
<appl y><tines />
<ci >m nus_al pha4</ ci
<ci >m nus_al pha3</ ci
<ci >m nus_al phal</ ci
</ appl y>
<appl y><tines />
<ci >m nus_al pha4</ ci
<ci >m nus_al pha3</ ci
<ci >al pha2</ci >
</ appl y>

<appl y><tines />
<ci >m nus_al pha4</ ci
<ci >m nus_al pha3</ ci
<ci >m nus.al pha2</ci
</ appl y>
<appl y><tines />
<ci >m nus_al pha4</ ci
<ci >m nus_al phal</ ci
<ci >m nus_al pha2</ ci
</ appl y>
<appl y><tines />
<ci >m nus_al pha4</ ci
<ci >al pha2</ci >
<ci >al pha3</ci >
</ appl y>
<appl y><tines />
<ci >m nus.al pha4</ci



<ci >m nus_al phal</ci >
<ci >al pha3</ci >

</ appl y>
</ appl y>
</ appl y>
</ mat h>
<l-- calculate clockw se cycle rate v_cyc-->

<rdf: RDF xm ns:rdf ="http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >
<rdf: Description rdf:about="#v_cyc">
<cmet a: comrent rdf: parseType="Resource">
<rdf:val ue>
Cal cul ati on of the clockw se cycle rate v.cyc.
</ rdf:val ue>
</ cret a: comment >
</ rdf: Description>
</ rdf : RDF>

<mat h xm ns="http://ww. w3. org/ 1998/ Mat h/ Mat hM." >
<apply id="v_cyc_cal c"><eq />
<ci >v_cyc</ci >

<appl y><di vi de />
<appl y><mi nus />
<appl y><tines />
<ci >al phal</ci >
<ci >al pha2</ci >
<ci >al pha3</ci >
<ci >al pha4</ci >
</ appl y>
<appl y><tines />
<ci >m nus_al phal</ci >
<ci >m nus_al pha2</ci >
<ci >m nus_al pha3</ci >
<ci >m nus_al pha4</ci >
</ appl y>
</ appl y>
<ci >di agr amsunx/ ci >
</ appl y>

</ appl y>
</ mat h>

</ conponent ><! - - EO NaK punp- - >
<l --Connections and rel ationshi ps between conponents-->

<connecti on>
<map_conponents conponent 1="interface" conponent_ 2="NaK punp" />
<map_vari abl es variable_1="Vn' variable_2="Vm' />
<map_vari abl es variable_1="cNa_i" variable 2="cNa_i" />
<map_vari abl es variable_1="v_cyc" variable_2="v_cyc" />
<map_vari abl es variable _1="net free_energy" variable 2="net free energy" />
<map_vari abl es vari abl e_1="cMJADP" vari abl e_2="cMyADP" />

</ connecti on>



<gr oup>
<rel ationshi p_ref rel ationshi p="encapsul ati on" />
<conponent ref conponent="interface">
<conponent ref conponent="NaK punp" />
</ conponent _ref >
</ group>

</ nodel >



