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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

suggest o struoture for the salt
DXN.A.). This

wish a
of awynhaas nueleie acid

structure has novel features which are of considerable

blulugm!l interest.

eture for nucleic scid has already bee
prupurwfl Iy Pauling and Corey'. Thoy kindly made
msoript available to us in advance of
Their model consista of three inter-

their manuse
publication.

twined chains, with the phosphates near tho fibre
i

axis, and

he bases on tho outside, In our opinion.

this structure is unsatisfoctory for two repsons :

(1) Wo I

g

o that the material which gives tho

X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces

would hold the structure together. especially
negatively changed phosphates nesr the
) Some of the van o Waals

repel ench other.

distances oppeor o

be too

i bree chain struotne s slso been sug-

gosted by Froser.(in the pevss).

Tn his model the

phosphatcs aro on the outside and the bases on tho
inside, linked_togother by hydrogen bonds. This

structure as desc

==

This e i3 purely
disgrammatic. The two

cribed is rather ill-defined,

and for
this reason we shall not comment

it
We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
awid, This structure has two
Dielical chuins cach coiled round
the somo wxis (sco disgram). Wo
have mads the uew, cheical
assumptions, namely, that each

chain consists of phosphate di

ndicular o the fibre
oth chains follow right-
Dandod holioos, but owingt to
the dyad the soquences of tho
atoms in the two chains run
in opposite directions.  Each
w

near

standard configuration’, the
sugar being roughly perpendi-
cular to the attached base. There
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is & residue on r)u]| (,hmn every 3-4 A. in the z-direc-
tion, We have ned an angle of 36 between
adjacent mnr‘lum in ihn same chain, so that the
strusture ropeats aftar 10 residuss on cach chain, that
34 A. The distance of a phosphorus atom
Eom tho fibre axis is 10 Ar As tho phosphates are on
the outsid, cations have easy access to them.

The structuro is an open one, and its water content
is vather high. At lower water contents wo would

expect the bases to tilt so that the structure could
become more com;

The novel feature of the structure is the manner
in which the two chains are held togother by the
purine and pyrimicine bases. The planes of the bases
are parpendicular to the fibro axis. They aro joined
together in pairs, a single base from one chain being
hydrogon-bonded to a single base from tho other
chain, %0 that. the two lie sido by sids wwl\ xdenmcnl
2-co-ordinates. Ons of the pair must ba o
the other a pyrimidine for bonding to ccour. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1: purine position 6 to
pyimidine position 6.

If it is assumed that the bases only ocour in the
strugture in the most plausible tautomerie forms
(that is, with the keto rathor than the snol con-
ﬁgu)n ions) it is found that only specific pairs of

bases can bond together. These pairs aro : adenine
(purine) with thymi (pynmidmv) and guanine
(purine) with eymnma (pyrimidi

T ocher wonls, i an adenine fortns ono membor of
o pair, on either smm then on these assumptions
member must be thymine ; similarly for
gnﬂmmn and cytosine. The sequence of bases on &
Bmgla chmn doos Rot appeat to be restricted in any

Y. ver, if only specific pairs of br\sen ean be
Eunm-:rl, n fol]ﬂws Thaw IF tho soquence
oh aiven, then the sequende on tlw Sther
oham i autnrmmcellv dstermined.

1t has boon found oxporimentally™t thot the ratio
of me amounts of adenine to thymine, and the ratio

of guanine to cytosine, are always very close to unity
for dﬂoxy'rlkose nuclelo acid.

is probably impossible to build this struoture
with & ribose sugar in place of the deoxyriboso,
the sxtre exygen atom womld make koo close A v
der Waals contact.

The previously published X-ray data®® on deoxy-
ibose Ateleio 80l atw insafloiont for & rigorous test
of our strusture. So far s wo can tell, it is roughly
compatible with tho experimental data, but it must
o regarded as unproved until it has been checked

ainst more exact results. Somo of these are given
in the following communications. Wo were not aware
of tho details of tho results presented there when we
devised our structure, which rests mainly though not
ontirely on published experimental data and stereo-
chemical arguments.

 hns not esoaped our notics that the specific
pmrmg we have postulated immer
possible copying mechanism for the genétie material.

Full details of the structure, including the con-
itions assumed in building it, together with a set
of co-ordinatos for the atoms, will be published
Clawhore.

W ara much indebted to Dr. Jerry Donohue for
constant_advica and eriticism, cspecially on inter-
stomio disiances. Wo havo aléo bean. stimulated by

owledgo of the general nature of the unpublished

experimental results and ideas of Dr. M. H. F.
Whlking, Dr. T, T. Trankin and their co-workers at
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King's Collrgm London, One of us (T. 1. W) has hoon
fellows rorn the National Foundation
for Tnfantile Paralyats
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Structure of
Nucleic Acids

WHILE the biclogieal properties of dooxypentoss
nucleic acid suggest n molecular struoture con-
taining great complesity, X-ray diffraction studies
deseribed hero (of. Astbury) show the basu' aleoulat
configuration has groat simplioity, Tho o
thas commmumicntion 1s to.desorilog in & preluoina mary
o, somme of the experiaiental ovidenss Jor tho poly-
widlootids chain configuration. bein. helical,” aad
existing in this form when in the natural state.
fuller account of the work will be published shortly.
The structure of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nuelooprotein, oxtracted or in
cells, and in purified mucleato. u
of polynuelestide chains may pack togother parallel

or paracryatalline material, In oll cases the X-ray
diffeaction ph')to;z!‘aph consists of Lwo_ regions, ono
dotermined Jargely by the regular spacing of nucleo-
tides along the chain and the othor by tho longer
spacings of the chain configuration. The sequence of
difforent nitrogen bases along the chain is not made

visible.

Oriented paraorystalline deoxypentose nucleie aeid
(‘structure B inthe following communication by
Tranklin and Gosling) gives a fibre disgram as shown

). Astbury suggestod that the
the inter-
> The ~ 34 A

layer lines, however, are not due to a repest of a
polynucleatide composition, but to the chain con-
figuration repeat, which causes strong diffraction as
tho nucleotide clm.m havo higher dersity than the
interstiti bsence of reflexions on or
near the meridian |mmrLluM ely suggests o helical
structure with axis parallel to fibre length.

Diffraction by Helices

may be shown? {also Stokes, unpublished) that
the intensity distribution in the diffraction

of a serics of points equally spaced olong o helix is
A uniform
eries of nyer Lines of spacing
corroapanding 5. the helix pitch, the intensity dis-
tribution along the nth layer line being proportional
0 the SqUAro of Jp, th nih Ondor Baddl bneton
A straight line may bo drawn approximatoly through
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Tig, 1. Fibre dlagram of deozypentose miclele acld from . coli.

Tibra axls vertieal

the innormost maxima of each Bessel function and
the origin, The anglo this line makes with the equator
ughly equal to the angla botwoen an clemont of
the htix and the helis axia, 1€ a unit ropoats . tmes
along the helix there will be & meridions! reflexion
(Jaf) on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effeet? being to reproduce the intonsity distribution
about the origin around the new nngin on the nth
layer line, ecotresponding to C in Fig. 2.
now briefly analyse in physical terms soms
of the effeots of the shape Al fie of the repeat unit
or nucleotide on the diffraction pattern, First, if the
nucleotide consists of a unit having circular symmetry
about an axis parallel to the helix axis, the wholo
diffraction pattern is modified by the form factor of
the nuoleotide. Second, if the mucleotide consists of
a series of poinis on a T 4 right-angles to the
helix axis, the phases of radiation scattered by the
heliees of different dinmeter passing through cach
point are the same. Swmmation of the corresponding
Bessel functions gives reinforcement for the immer-

o wil

Tig, 2. Difction pastern of sstemn of
striiotine of 4 i

astions st pIOVE N cquaine aii'on The 1,
SEERRIEE da i Tager fncs f0F bE G The Ee oot s
6 90§ diameter and remainder disitibuted along u radius, the
Toase A8 & RN Tallis Delg Droporifondl 10 the txdine. About
@ om the Lonth Lnyee lina sirailar fanctions 47e ylofted for an onter

et er of 12 4.
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wish to thank Prof. J. T. Randall for encour-
agmmenis Brofie B, Charga,, R. Signer, J. A. V.
. Smit

impossiblo; also Drs. J. D. Watson end Mr, F, H, C,
Crick for stimulation, and our colleagues R. E.
Franklin, R, G, Goslmg, G. L. Brown and W. E. Secds
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acknowlodgn the award of o nivorsity of Walea
Fellowship.
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Molecular Configuration in Sodium
‘hymonucleate

SorruM thymonucleate fibres give two d.inmn:
types of X-ray diagram. Tho first corresponds to
crystalling Form, Nluc%\le A, obtained at aﬂmuﬁ
75 per cent relative ity
dostribed in dotail slsowhorct. 'Af highes hurmidities
a difforent. structure, structuro B, showing o lower
llagreo of ordor, appou persists over a wide

bient humidity. The ch
The water content of structure B
il vary
undred por cent of
e flbres never show

Tho X-ray diagram of siructuro B (seo photograph)

ing monnr (ho fostutes characteristio
o holtoa oo Sk in this laboratory
by Stokes (unpublished) and by Crick, Coohran and
Vand?. Stokes and Wilkins wers the first to propess
such structures for mucloio acid as a rosult of direct
studies of nucleie acid fibs

T
the hais of X-tay studios
of nucloosides nd auelootides,

Whilo tho X-ray ovidonco cannot, ot prosent, be
taken a8 dircot proof that the structure is heliosl,
other considorations disoussed below Tk - the
oxistenco of a helical structure highly pro

Structura 7 is derived from the L'ryneslhns virneture
A when the sodium thymonueleats fibres tako up
quantities of water in excess of about 40 per cent of
their weight. The change is ae

reasonabl poso

ure struct:
thymenucleate (molecules on groups of molecules) are
\“\ﬁmhs influence of neighbouring
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Sodium denxyribose aucleate from ealf thymas, $tzuoture B

malecules, each unit boing shiclded by a sheath of
water. Ench unit is then free to toko up its loast
energy

cl in view of the nabure of the long- i molecules
involved, it is highly likely that the general form wi
be helical®. If we adopt the hypothesis of a helieal
structure, it is immediately poseible, from the X-ra
diagram of structuro B, to make vertain doductions
a8 to the nature and dimensions of the helix,

ost maxima on the first, second, third

in. For o smooth single-
strand helix the structure factor on the nth layer line
is given by :

Fn = Ju(27rR) exp i n(} + ),

whem J,,(u; u the nth-order Beml funcmn of u, 7 i
the the helix, and R and ¢ are r}m lmlml
arud a1 mutlml co-ordinates in recxpmm space?; this
expression loads to an approximately linear s irmy of
intenaizy mowxima of the type observod, corresponding
t0_the first maxima in the functions Jy, J,, J,, eto.
If, instead of & smooth helix, we consider & serics
of residues oqually spaced along the helix, the trans-
form in the goneral caso troatod by Orick, Coshron.
and Vand is more complicated, But if there is a
wholo number, m, of residues per turn, the form of
he form is as for & smooth helix with the
ition, only, of the same pattern repeated with its
in at hoights mc*, 2me* . . . ete. (¢ is the fibre-
period).
In the prosent case the fibre-axis period is 34 A.
snd the vory strong reflexion at 3-4 A. lica on u.e
tenth layer Jine. Moroover, L\lles of maxime rad;
fror LA, roflovion as From the origin are
visible on the fifth and lower layor lines, having &
J maximum coincident with that of tho nngm series
on the fifth layer line.
which appurently radiato from the 3+4-A. meximum
aro not, however, so easily explained.) This suggests
strongly that there are exactly 10 residues per m
of the holix. If this is 50, then {rom & measureme
of Ry the position of the first maximum on the ped
layer line (for n 5-%), the radius of tho helix, can be
obtained. In the present instance, measuroments of
fn Ry Ry and Ry all lead to values of r of about




Large-scale harnessing of pathway
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d\::«; Why using mathematical models?
—-0O

Describe

ON GROWTH
AND FORM

The Complete Revised Edition

DArcy Wentworth Thompson

1917
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d\fg Why using mathematical models?
—-0O

Describe Explain

Extracellular Medium
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The Complete Revised Edition . IPCID
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d\fc Why using mathematical models?
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Describe Explain Predict
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Wikipedia (April 17th 2013): “A mathematical model is a description of a
system using mathematical concepts and language.”

({. What is a mathematical model?
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C{:b What is a mathematical model?
—O

Wikipedia (April 17th 2013): “A mathematical model is a description of a
system using mathematical concepts and language.”

variables

[X]
Vmax

Kd

EC

50

length

1/2
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C{:b What is a mathematical model?
—O

Wikipedia (April 17th 2013): “A mathematical model is a description of a
system using mathematical concepts and language.”

variables relationships
[X] _ Al [B]
Ka= [AB]
Vmax
d[X]/dt =k - [Y]?
Kd
EC,, ;[X]z' —F()=0
length k(t) ~ N(k, 02)

If mass; > threshold

112 then mass;;a; = 0.5 - mass
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Wikipedia (April 17th 2013): “A mathematical model is a description of a
system using mathematical concepts and language.”

d\. What is a mathematical model?

variables relationships constraints
[X] _ 4] - [B] x]>0
K- [X]
Vmax Energy conservation
dX]/dt =k -[Y]?
Kd Boundary conditions
Z[X]i —F(t)=0 (v < upper limit)
EC50 i
Objective functions
length k(t) ~ N(k,o?) (maximise ATP)
If mass; > threshold Initial conditions

112 then mass;;a; = 0.5 - mass
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Wikipedia (April 17th 2013): “A mathematical model is a description of a
system using mathematical concepts and language.”

d\. What is a mathematical model?

variables relationships constraints
[X] _ 4] - [B] x]>0
K- [X]
Vmax Energy conservation
dX]/dt =k -[Y]?
Kd Boundary conditions
Z[X]i —F(t)=0 (v < upper limit)
EC50 i
Objective functions
length k(t) ~ N(k,o?) (maximise ATP)
If mass; > threshold Initial conditions

112 then mass;;a; = 0.5 - mass

Different types: Dynamical models, logical models, rule-based models,
multi-agent models, statistical models, etc.
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Knowledge-based model creation
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EMEL-EBI

Training

Joint EMBL-EBI-Wellcome Trust Course: InSiIicu Systems Biology

Venue:
European Bioinformatics Institute, Cambridge, CB10 15D
United Kingdom

Date: Tuesday, June 25, 2013 - Saturday, June 29, 2013
Organizers:

Julio Saez-Rodriguez , EMBL-EBI
Micolas Le Movére , EMBL-EBI
Admin support: Starting on July 1, 2011 the KEGG FTP site for academic users will be transferred from
Wellcome Trust Advanced Courses , Wellcon] GenomeMet at Kyoto University to NPO Bicinformatics Japan, and it will be available only
Registration Opens Date: Thursday, Augzl to paid subscribers. The publicly funded portion, the medicus directory, will continue to
Registration Deadline: Friday, March 8, 20 be freely accessible at GenomeNet., The KEGG FTP site for commercial customers
Participation: Open application with select] Managed by Pathway Solutions will remain unchanged. The new FTF site is available for
free trial until the end of June. I

Cwverview | Programme | Reqgistration | Traing

Flease register to learn more about the KEGG FTP subscription.
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Minoru Kanehisa

/3

Babraham’)
Institute

Babraham Institute Lab talks, 25 April 2013




EMEL-EBI

Training
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| want my pathways
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<?xml version="1.0" encoding="UTF-8"7>

. <sbml xmlns="http://www.sbml.org/sbml/level2/versiond" level="2" version="4">
T <model name="Simple Model"=>
‘__(:> <listOfCompartments>

<compartment id="cell" size="1" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" 1n1tlaIConcentratljf "1t =
"1t

<species id="B" compartment="cell" initialConcentratio
</list0fSpecies>
<listOfParameters>
<parameter id="kl1" value="0.1"/>
</list0fParameters> _)
<list0fReactions> l\‘ E3
<reaction id="rl" reversible="false">

§ystems <listOfReactants> vl = k1 % [A]

2 <speciesReference species="A"/>
_Eil()l()s;)[ </list0fReactants>
<list0fProducts>
Markup <speciesReference species="B"/>
</1ist0fProducts>

Language <kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

cm_ m <apply=>
JM L <times/>
\ <ci> cell </ci=>

<cli> k1l </ci>
<ci> A </ci>

</apoly> A very simple
< th= =
-:fkiﬂ:ticLaw:- SBML flle

</reaction>
</1list0fReactions>

</model>
</sbml>

>
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Paul Dobson'?, Warwick B Dunn*!?, Lukas Endler'?, David Hala'®, Michael Hucka'®, Duncan Hull?,

Daniel Jameson®*, Neema Jamshidi”, Jon | Jonsson®, Nick Juty!'?, Sarah Keating!”, Intawat Nookaew!®,

Nicolas Le Novere!71%, Naglis Malys*1*%, Alexander Mazein?!, Jason A Papin!!, Nathan D Price®?,

Evgeni Selkov, Sr**, Martin I Sigurdsson', Evangelos Simeonidis®®*4, Nikolaus Sonnenschein®, Kieran Smallbone*26,
Anatoly Sorokin®!-*", Johannes H G M van Beek?®*C, Dieter Weichart™*!, Igor Goryanin®'+2, Jens Nielsen'?,
Hans V Westerhoff*2%3*, Douglas B Kell*%, Pedro Mendes™*¢ & Bernhard @ Palsson®”

Multiple models of human metabelism have been reconstructed, but each represents only a subset of our knowledge. Here we
describe Recon 2, a community-driven, consensus ‘metabolic reconstruction’, which is the most comprehensive representation
of human metabelism that is applicable to computational modeling. Compared with its predecessors, the reconstruction has
improved topolegical and functional features, including ~2x more reactions and ~1.7x more unique metabolites. Using Recon 2
wie predicted changes in metabolite biomarkers for 49 inborn errors of metabolism with 77% accuracy when compared to
experimental data. Mapping metabolomic data and drug information onto Recon 2 demonstrates its potential for integrating and
analyzing diverse data types. Using protein expression data, we automatically generated a compendium of 85 cell type-specific
models, providing a basis for manual curation or investigation of cell-specific metabolic properties. Recon 2 will facilitate many
future biomedical studies and is freely available at httpJ/fhumanmetabolism.orgl.

= 8 compartments
® 5 063 metabolites
m 2 194 proteins

m 7 440 reactions

An understanding of metabolism is fundamental to comprehending
the phenotypic behavior of all living organisms, including humans,
where metabolism is integral to health and is involved in much of
human disease. High quality, genome-scale ‘metabolic reconstructions”
are at the heart of bottom-up systems biology analyses and represent
the entire network of metabolic reactions that a given organism is
known to exhibit!. The metabolic-network reconstruction procedure

is now well-established® and has been applied to a growing number
of model organisms®. Metabolic reconstructions allow for the con-
version of biological knowledge into a mathematical format and the
subsequent computation of physiological states'4 to address a variety
of scientific and applied questions™®. Reconstructions enable network-
wide mechanistic investigations of the genotype-phenotype relation-
ship. A high-quality reconstruction of the metabolic netwaork is thus
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({ Aims of the Path2Models project
=0

®m To re-use existing pathway data to generate biochemically based models

m  To provide a starting point to model as many biochemical pathways as possible
iIn @as many species as possible

m To provide models in a standard format readable by most systems biology
software

Pathways Models
In SBML In SBML

Pathways
In proprietary
formats

Graphical representation in SBGN
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C{:b Influence diagrams (activity-flows)
—0

m Signalling pathways,

RAF > gene regulatory networks
l m Nodes represent activities
MEK m Directional
l m Sequential

\Vi

m Non-mechanistic
ERK

m [ ogical modelling
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C{:b Process Descriptions
—O

m Biochemistry, Metabolic networks

m Nodes represent populations of
reactants and reactions

m Directional

P m Sequential
l J} m Mechanistic

P2 m Subjected to combinatorial explosion

®m Process modelling (ODE, SSA)
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oY http://www.genome.jp/kegg/pathway.html
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Switch Species:
Homo sapiens
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+¢ Integration of energy metabolism
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Three parallel workflows

s Logical models
BIOCARTA ”'» 9

) of individual signalling pathways
= g agp y

Signalling
Pathways
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C{:b Three parallel workflows
—O

K E y!pd of o .
GG e Logical models
+ B'c:-;fm = of individual signalling pathways
Signalling =
Pathways
= Chemical kinetics models
Metabolic of individual metabolic pathways
Networks
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C{i: Three parallel workflows
—O

it cC . e Logical models
+ BIOCARTA III» . - . .
e of individual signalling pathways
Signalling S
Pathways
= Chemical kinetics models

Metabolic of individual metabolic pathways

Networks

Kyoto Encyclopedia of
Gienes‘and Genomes

+ @METACYC“ =) Flux Balance Analysis

@ of whole genome reconstructions

Metabolic
Networks
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C{fc From KEGG metabolic pathways to full kinetic models
—-0O

KGML
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d\fg From KEGG metabolic pathways to full kinetic models
—-0O

[@ KEGGtranslator
loloNellelle r
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d\fg From KEGG metabolic pathways to full kinetic models
—-0O

~

[@ KEGGtranslator
| ‘
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KGML === g M U Which type?

GSML!
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C{fc From KEGG metabolic pathways to full kinetic models
—-0O

: ~
[@ KEGGtranslator

BML— BN
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Missing reactants and modifiers
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C{fc From KEGG metabolic pathways to full kinetic models
—-0O
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C{fc From KEGG metabolic pathways to full kinetic models
—-0O

GO Pro"t'
KGML Q M Ll hich type? Q M Ll M!%

KEGG / I Which one?
AP| ———————————

Missing reactants and modifiers r
Supercurated pathway = {J M L
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C{:b From KEGG metabolic pathways to full kinetic models
—-0O

GO Pf°'5
y /

: ~
[@ KEGGtranslator

Q M U Which type? Q M u

/l / Which one?

Missing reactants and modifiers
Supercurated pathway = {

JML<
( SBMLsqueezer
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C{:b From KEGG metabolic pathways to full kinetic models
—-0O

GO Pf°'5
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[@ KEGGtranslator
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Missing reactants and modifiers
Supercurated pathway = {

Ab initio kinetics
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C{:b From KEGG metabolic pathways to full kinetic models
—-0O

GO Pf°'5
y /

: ~
[@ KEGGtranslator

Q M U Which type? Q M u

/l / Which one?

Missing reactants and modifiers
Supercurated pathway = {

Ab initio kinetics
Chemical kinetics model
. SBMLsqueezer
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C{:b From KEGG metabolic pathways to full kinetic models
—O

GO Pf°'5
y /
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Missing reactants and modifiers
Supercurated pathway = {

| Ab initio Kinetics
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C{fc Metabolic reactions: Common modular rate-law ‘
—@®

Reaction rate Enzyme Stoichiometry,
k[\ level 3 parametrlzatlons
M M
Ka k l / e

\ Specific

5 rate laws regulation

@ Complete or
partial regulation

« Common rate law
* Direct binding rate law

» Simultaneous binding rate law .. m,; .. n,,
* Force dependent rate law Tt b A ot
» Power Law I = kf’ 1_[ ™M kf‘ 1_[ M

Liebermeister, Uhlendorf, Klipp (2010) Modular rate laws for enzymatic reactions:
thermodynamics, elasticities and implementation. Bioinformatics 26: 1528-1534
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d\i, Unparametrised Vs. known kinetics
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C{:b Signalling pathways: Logical models
—O

m Variables can take a discrete number of values, at least 2
m  Transitions of output are expressed as logical combinations of input values

= Simulations can be:
synchronous: all the nodes are updated at once
asynchronous: nodes are updated one after the other

®  One can add delays, inputs etc.

B AB C
B C = 11111 |<¢—|1]1]0
11011 }—|1]0{0
C
Influence diagram state diagram
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d\fc Gene Ontology Coverage
—0O
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W amino-acid metabolism

M saccharide metabolism
nucleic acid metabolism

Mtransport and secretion

mintracellular signaling
protein processing

M physiological function

M cell interaction

mbiosynthesis

M lipid metabolism
metabolism (other)

B genome function
Intracellular membrane system
cytoskeletton

M cell division, development and differentiation

u other

g



d‘i, 23" BioModels Database release >

m 11t August 2012 — 2nd release of Path2Models data

B 112 898 common modular rate law models of
metabolic networks

m 27 306 qualitative models of signalling pathways

m 1 846 whole genome flux balance analysis models
m 239 models for human, 234 models for mouse

m 10 547 589 mathematical relations

m 444 024 053 cross references

m http://www.ebi.ac.uk/biomodels-main/path2models
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Inositol phosphate metabolism - Mus musculus

Download SBML Additional files Send feedback
Model infermation

ldentifier: BMIDO00000038685 Project: path2models Submissien: 17 May 2012 22:37:29 UTC
Format: SEML L3 V1 (Layout) Categeries: m=tabolic Last medified: 10 Dec 2012 03:55:58 UTC
Publis hed: 19 May 2012 23:49:21 UTC

Annotations
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Graphical representation of 'Inositol phosphat
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({53 What can | do with Path2Models?
—O

ML,

Vi GINsim
{pcopas ( GINsi

CellDesigner™ ~~e - PySCeS  iBioSim
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