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Abstract

This is a description of the PyNetMet package classes, their attributes
and methods.
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1 Class Enzyme

The class enzyme defines a chemical reaction. The class should be called with
at least one input which is a string containing a chemical reaction in OptGene
format. The second input for this class is optional and can be used to indicate
the pathway to which the reaction belongs. If none is given it is set to “GP”
meaning general pathway.

The reaction should have the form:

reaction name : sy Suby + sp Subg + ... + sp Subp -> py Prody + py Prodg + ... + pp Prodp

where the s; are stoichiometric coefficients for the substrates Sub; and p; are
stoichiometric coefficients for the products Prod;. The symbol “->" indicates an
irreversible reaction and can be replaced by “<->” if the reaction is reversible.
It is important that the symbol “” and “<->" or “>” are surrounded by
spaces in the reaction string, otherwise and EnzFError exception will be raised.
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Enzyme objects can be negated, summed, compared with “==", subtracted
and multiplied by numbers. The result of these mathematical operations is what
one might expect intuitively from operations with chemical reactions. The nega-
tion of an Enzyme object will be the reversed version of the reaction. Addition
of two reactions results in an effective reaction from the combined effect of both
reactions. Subtraction is the addition of one reaction with the negated ver-
sion of the second one. Multiply a reaction by a number and one obtains the
reaction with every stoichiometric coefficient multiplied by this number. The
comparison of reaction returns True or False if the reaction connects the same
metabolites with the same stoichiometric coefficients. The following examples
should illustrate this:

>>> from PyNetMet.enzyme import *

>>> enzl=Enzyme("rel : A + 2 B -> C")

>>> enz2=Enzyme("re2 : D -> 2 C")

>>> enz3=0.5%enz2

>>> print enz3

re2x0.5 : 0.5D ->1.0C

>>> enzd=enzl+enz?2

>>> print enz4

rel+re2 : 1.0 A+2.0B+1.0D ->3.0C
>>> enzb=enzl-enz3

>>> print enzb

rel+re2*0.5_ R : 1.0 A+ 2.0B ->0.5D
>>> print enzb5.issues_info

[’Possibly eliminated: C’]

>>> enz6=Enzyme("re3 : C -> E + A")

>>> enz7=enzl+enz6

>>> print enz7

rel+re3 : 2.0 B -> 1.0 E

>>> print enz7.issues_info

[’Possibly eliminated: C’, ’Possible catalyzers: A’]

A few things should be noted: these mathematical operations take little care
whether the reactions are reversible or not, if one negates an irreversible reac-
tion the result is the irreversible version of the reaction in the other direction.
Moreover it eliminates superfluous metabolites: if one sums reactions where
a metabolite appears in the products and substrates, it might eliminate this
metabolite if the stoichimetric coefficients coincide. This elimination gets regis-
tered in the issues_info attribute of the reaction. In the same way a metabolite
which is consumed by a reaction and latter produced by another is recognized
as a possible catalyzer of the combined reactions.
The complete list of the enzyme object attributes is given below:

e name — a string indicating the name of the reaction.

e pathway — a string. The pathway to which the reaction belongs. If not
given in the input, its value will be “GP”.



e reversible — Boolean, indicates if the reaction is reversible.

e Nsubstrates — the number of metabolites in the left-hand side of the
reaction equation.

e Nproducts — the number of metabolites in the right-hand side.
e metabolites — a list of all metabolites in the reaction.
e substrates — a list of the metabolites in the left-hand side of the equation.

e products — a list of the metabolites appearing in the right-hand side of
the equation.

e issues — is a Boolean which indicates if there is any issue with the enzyme
like no substrates or products, or if the same metabolite appears in both
sides of the reaction, or others derived from modifying the reaction.

e issues_info — a list with the issues recognized in the reaction equation.

e stoic — a list of two lists. Each one of the two lists has the stoichiometric
coefficients of substrates and products respectively.

e tup — a tuple with the number of substrates and products. If the reaction
is reversible, the smaller number will be on the left.

The enzyme objects have the standard methods __repr__ and __str__ which
return an string in OptGene format for the reaction and also the __eq__ which
compares if two reactions are the same (have the same substrates and products
with the right stoichiometric coefficients) and it takes into account reversibility
of the reactions. All other methods of the Enzyme class are listed in table 1.

2 Class Network

This class defines a Network object, a set of N nodes and edges connecting them.
The network is defined by its adjacency matrix: a N x N matrix where each
element ij is either one or zero, one meaning that there is a directed connection
from node ¢ to node j. In the particular case where the adjacency matrix is
symmetrical, the network is undirected. The adjacency matrix is the input that
must be given when calling the class. It should be a list of N elements where
each element is a list with N elements that are either 0 or 1. One can also give
a second input which is a list with names for the nodes.

The class also has a function called stats that gets as input a list of numbers
and returns two floats, the average of the numbers in the list and their standard
deviation.

As an example, lets create a 30 nodes random network.



"UO0I30®aI 9} UT OU SI 931[0qRIdW oY) JI uo13dedXe IOIIHZUY SosTey
‘indur se usAld 911[0qrIaU 9Y} J10] JUSIDYJS0D DLIJOWOIYDI0)S 9] SWINIeY 1e07q 3ulng u-01098
‘9SIMIS)0 ‘pappr Y7, Ue [IIm awreu po ay) 1o jndur se usald 3uriys [euorydo ayy st (reuorydo)
UOI10BAI MOU 91} JO SWIRU O], "UOI}ORAI 9Y) JO UOIsIoA (P9)e3olU) POsSIoAdI o1} SUIN|Y owAZU 3uing O®vOI~ADI
“ndur se ueAld 931[0RI9W 9} UOI}ORAI 9J WIOIJ SOJRUIWI[® POYdW SIY T, QUON Juurg dod
"UO0110RdI 9} JO UOISIOA 9[(ISIOADI 9] SUINIOY owAzuy QUON ADI~O¥ e
"UOT110RAI 9} JO UOISIOA O[([ISIOADIIT ) SUINGOY owAzZuy QUON 11"y RW
"9STMIDTJO 9S[RY "O[(ISI9ADI SI UOIJORAI 9Y3 JI 9SI[ sjonpoid o) Ul 10 UOIjovaI
oY) Jo 3s1] sejerjsqns oY) ur sreadde jndur oyq Ul 931{0qeIOW YY) JI ONIT, ueajoog Surgg | AsIojeIISqNS SR
"9SIMIDN]0 9S[R] "UOI}ORdI
o) Jo 3s1] sejerjsqns oY) ur sreadde jndur oyq Ul 931{0qeRIOW YY) JI ONIT, uea[oog Suryg ojeIISqNS~SeY
"9STMIDT)0 9S[RY O[(ISIOADI ST UOIJORDI 9YJ JI ISI[ 9)BIISNS 9YJ UI 10 UOI}ORdI
a1 jo 3s1] sponpoad ayy ur sieadde ndur oY) ul 931joqeidoW oY} JI oNIT, ure[oOyg 3urng Asx~jonpoad-sey
"9SITMIDT)O 9S[B] "UOI}ORdI
a3 jo 3s1] sponpoad ayy ur sieadde ndur oy} ul 931joqrIdoW oY} JI ONIT, ura[oOg 3urng jonpoad-sey
"9SIMIDT)0 os[e] "uoljoreal oY) ur sreadde jndur oyg Ul 931{0qeRIOW YY) JT ONIT, uea[oog Surnyg [oqejeuw-sey
‘uorjoeal oY) jJo Adod ' winjey swAzuny QUON Adod
9SIMIDT]0 9s[e] pue jonpoid pue 91eI)sqns
Se UoIj0'al 9] A Pajoouuo0d aIe 4s1] ndul oY) Ul UsAIS S9)I[0qReIoW OM] ) JT ONIT, ueajoog 1s17] $100UU0D
wonduose | (s)mdng [ (s)induyp | POUIIN

"SSR[O QWIAZUG] 93} JO SPOYIRIA :T 9[qel



>>> from random import random as rand
>>> from PyNetMet.network import *
>>> M = [[float(rand()>0.5) for i in xrange(30)] for j in xrange(30)]
>>> net = Network(M)
>>> print net # The network is different in every realization
Directed Network with:
30.000000 Nodes
440.000000 Links
>>> print sum(net.Cis)/net.nnodes # average clustering for the network.
0.780297363447
>>> print 1.*sum(net.kis)/net.nnodes # average number of neighbors per node
21.7
>>> # Lets create an undirected network from M:
>>> for i in xrange(30):
M[il[i] =0
for j in xrange(i+1,30):

M[j1[i1=M[i] [j]

>>> net2=Network (M)

>>> print net2

Undirected Network with:
30.000000 Nodes
202.000000 Links

In the following the attributes of a Network object are described. Note that
when mentioning a matrix, we refer to a list of lists.

e nnodes — an integer with the number of nodes in the network.

e nodesnames — a list with the names of the nodes. If not given as input,
it will be set to numbers between 0 and nnodes-1.

e directed — a Boolean, indicating if the network is directed or not.

e links — a list of tuples, each tuple with two numbers, indicating all edges
in the graph.

e nlinks — an integer with the total number of connections in the network.
For an undirected network this number will be twice the actual number.

e linksin — a list where each element is a list of all in-neighbors of a node
(edges coming from a given node).

e linksout — a list where each element is a list of all out-neighbors of a node
(edges going to a given node).

e neighs — a list where element i is the list of neighbors (all nodes with
connection to or from) node i.



e kis — a list with the degree (number of neighbors) for each node.
e (Cis — a list with the clustering coefficients for each node.

e CCs — a matrix with a list in each element. The element ij of this matrix
is a list with the common neighbors of nodes 7 and j (intersection).

e uCCs — a matrix with a list in each element. The element ij of this
matrix is a list with all the neighbors of nodes ¢ and j (union).

e nCCs — a matrix N x N where each element ij is the topological overlap
between nodes ¢ and j.

e weight — a list with the average of each row of matrix nCCs.

e sd_wei — a list with the standard deviation for each element of weight.

In table 2 we describe the methods of a Network object.

To illustrate the use of some of the methods of this class, lets consider the
network illustrated in figure 1. The adjacency matrix for this undirected network
is given by:

01 100O0O0O0OO0OTO0OTGO0F@O
101 00 0O0O0OO0OO0OT1O0
110100 0O0O0O0O0O0
001 01100O0O0O0°0©O0
000 10O0OO0OO0OO0OGO0OTGO0O@O
00 010O0OO0OO0ODO0OTO0OTGO0O®O
M= 00 0O0O0OO0OO0OT1TUO0OTUO0OTO0O0 (1)
00 00O0OO0OT1TO0OTO0OTO0OTO0OO@O
00 00O0OO0OO0OO0ODO0OT1TT1F@PO0
00 00O0O0OO0ODO0ODT1TO0O01
01000O0O0OO0OT1O0O01
00 00O0OO0OO0OO0OTO0OT1T1FPO0

Lets create the Network object for this network.

>>> M=[[0, 1, 1, O, O, O, O, O, O, O, O, O],
(1, o, 1, 0, 0, 0, 0, O, O, O, 1, 07,
(1, 1, 0, 1, 0, 0, 0, 0, 0, 0, O, 07,
(o, o, ¢, 0o, 1, 1, 0, 0, 0, 0, 0, 07,
(o, o, 0, 1, o, o, o, 0, 0, 0, 0, 01,
(o, o, o, 1, o, o, 0, 0, 0, 0, 0, 07,
(o, o, o, o, o, o, 0, 1, 0, 0, 0, 07,
(o, o, o, o, 0o, 0, 1, 0o, 0, 0, 0, 07,
(o, o, o, o, 0o, 0, 0, 0, 0, 1, 1, 01,
(o, o, 0, o, o, 0o, 0, 0, 1, 0, 0, 11,
(o, 1, o, o, o, 0o, 0, 0, 1, 0, 0, 11,
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Figure 1: Simple network with two disconnected components.

(o, o, 0, 0, 0, 0, 0, 0, 0, 1, 1, 01]
>>> nnames = [chr(65+i) for i in xrange(12)]
>>> net = Network(M,nnames)
>>> from random import shuffle
>>> nord = range(12)
>>> shuffle(nord)
>>> net.plot_matr(net.nCCs, nord, output="grafl.jpg")
>>> net.plot_nCCs(output="graf2.jpg")
>>> net.kruskal(net.nCCs, minimo=False)
>>> net.plot_matr(net.nCCs, net.krusk_ord, output="graf3.jpg")
>>> print [net.nodesnames[ele] for ele in nord]
[JI), JD), JC), JAI, 7H7, JB), )E?, )L?, )J?, )F?, )K?, )G?]
>>> print net.names_ord
[’G’, ’H>, °A°, °B’, ’J°, °K’, °I’, °L’, °C’, °D’, ’E’, IF]
>>>> print [net.nodesnames[ele] for ele in net.krusk_ord]
[’D’, 'F2, JE’, °C’, ’A’, °B’, °J’, ’K’, °I’, 'L’, ’°G’, YH?]

In this example we produce tree different plots of the nCCs matrix. One with
a random ordering of the nodes, another one with the algorithm implemented in
the plot_ nCCs method and a third with the ordering given by the dendrogram
obtained with the kruskal algorithm. The three graphics generated can be seen
in figure 2. The images that this class produces depend on the classes Image
and ImageDraw from the Python Imaging Library (PIL) package.

From figure 1 it is clear that the network has two disconnected components.



Figure 2: Image files grafl.jpg, graf2.jpg and graf3.jpg obtained with the meth-
ods plot_matr and plot_nCCs of the Network class.

These can be identified with the components method of the Network class.

>>> net.components ()

>>> net.disc_comps

(o, t, 2, 3, 4, 5, 8, 9, 10, 111, [6, 7]1]

>>> nodes_in_comps=[[net.nodesnames[ele] for ele in comp] for comp in net.disc_comps]
>>> print nodes_in_comps

[[JA), ’B’, JC7, ’D’, ’E’, ’F’, ’I’, ’.]’, ;K;’ ’L’], [’G’, ;Hz]]

One can see that the components method generated a list with two elements,
each element is a list with the indexes corresponding to the nodes in each discon-
nected component of the network. Moreover, this method generates two other
attributes containing the distances and paths in between any two nodes of the
network:

>>> #Distance of node J(9) to F(5):

>>> print net.distances[9] [5]

6

>>> #Path of node J to F:

>>> print [net.nodesnames[ele] for ele in net.paths[9] [5]]
[’J’ , I, °K’, ’B’, °C’, ’D’, ;F)]

3 Class Metabolism

This class reads, stores and analyze a metabolic model. There are three forms
of input for this class: a string containing the name of the file with a model in
OptGene, in SMBL or introducing lists with the metabolic model information
directly.

By default the class expects a file in OptGene format, so if this is the case,
only one input is needed:

>>> from PyNetMet.metabolism import *
>>> org = Metabolism("model.txt")



When reading the reaction list from a OptGene file, badly written reactions
(reactions where the “” or “->” symbol cannot be identified) will be ignored.

If one has a metabolic model in SBML format, this must be indicated by
the optional input filetype:

>>> from PyNetMet.metabolism import *
>>> org = Metabolism("model.xml", filetype="sbml")

The third way to call this class is to give as input lists containing strings
with the reactions, constraints, external metabolites and objective function, all
in OptGene format, and set the optional input fromfile to False indicating that
the model is not coming from a file:

>>> from PyNetMet.metabolism import *

>>> reac_list = ["reacl : A_ext -> A", "reac2 : A -> B", "reac3 : A -> C",
... "reac4 : B+ C -> D", "reacbh : D -> D_ext"]

>>> ext_list = ["A_ext", "D_ext"]

>>> constr_list = ["reacl [0, 10]"]

>>> obj_list = ["reachs 1"]

>>> org = Metabolism("model_name", reactions=reac_list, constraints=constr_list,
... external=ext_list, objective=obj_list, fromfile=False)

>>> print org

# Reactions:7

# Metabolites:6

in this example we defined a very simple list with 5 reactions. The first string
of the input can, in this case, be used to give a name to the model. Note that
although we gave 5 reactions in the input, the class added two extra reactions,
which are transport reactions. If one prints all reactions in the model:

>>> print "\n".join([str(ele) for ele in org.enzymes])
reacl : 1.0 A_ext -> 1.0 A

reac2 : 1.0 A ->1.0B

reac3 : 1.0 A ->1.0C

reac4 : 1.0 B+1.0C ->1.0D
reacb : 1.0 D -> 1.0 D_ext
A_ext_transp : > 1.0 A_ext
D_ext_transp : > 1.0 D_ext

The class interprets reactions with blank products or substrates as transport
reactions (blank means an actual space in place of a substrate or product, not
the simple absence of it) and sets its metabolites to external metabolites directly.
Alternatively the former example could be introduced as:

>>> from PyNetMet.metabolism import x*
>>> reac_list = ["reacl : -> A", "reac2 : A -> B", "reac3 : A -> C",

10



... "reac4d : B+ C ->D", "reacb : D -> "]

>>> ext_list = []

>>> constr_list = ["reacl [0, 10]"]

>>> obj_list = ["reac5 1"]

>>> org = Metabolism("model_name", reactions=reac_list,

... constraints=constr_list, external=ext_list, objective=obj_list, fromfile=False)
>>> print org

# Reactions:5

# Metabolites:4

>>> print org.external
[IIAII’ IIDII]

Below we give the complete list of attributes for an object of this class:
e file_name — the name of the input file (or model).
e enzymes — the list of all reactions (Enzyme objects) in the model.

e dic_enzs — a dictionary associating a reaction name to its index in the
lists.

e nreacs — the total number of reactions.

e reac_irr — the list of indexes of the irreversible reactions.
e reac_rev — the list of indexes of the reversible reactions.
e nreac_irr — the number of irreversible reactions.

e nreac_rev — the number of reversible reactions.

e mets — the list of all metabolites in the model.

e dic_mets — a dictionary associating each metabolite name to its index in
the lists.

e nmets — the total number of metabolites.

e pathnames — the list of comments® found in the model (usually comments
are used to organize reactions into pathways).

e pathways — a list where each element is a list with the indexes of the
reactions read after each comment.

e reac_per_met — a list where each element is the list of names for the
reactions where the metabolite with the correspondent index in the list
appears.

n the OptGene file comments are indicated by the “#” character.
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e reacs_per_met — list with the number of reactions in which each metabo-
lite appears (length of each element in the reac_per_met list).

e M — the adjacency matrix for the metabolites.

e net — the metabolite’s network (Network class object for the above adja-
cency matrix).

e transport — the list of all transport reactions indexes.
e external — the raw data in OptGene format for the external metabolites.

e external_in — the list of metabolites that can come inside the cell from
the outside.

e external out — the list of metabolites that the cell transports to the out-
side.

e constraints — the raw data in OptGene format for the constraints.
e constr — a list with constraints for each reaction.

e objective — the raw data in OptGene format for the objective (for FBA
optimization).

e obj — list with the name of each reaction in the objective with its corre-
spondent coefficient.

In table 3 we describe the methods of this class.

Note that the dump method can be used as a translator. If one has a
model in OptGene format and wants to obtain the SBML version of it it is
straightforward:

>>> from PyNetMet.metabolism import x*
>>> org = Metabolism("model.txt")
>>> org.dump(fileout="model.xml",filetype="sbml")

Most attributes in this class come as lists. One should keep in mind that an
index is associated to each metabolite and reaction corresponding to the position
of the metabolite or reaction in the lists mets and enzymes, respectively. To
find out the index of a particular metabolite or reaction one can use the index
method of the list or use the dic_mets and dic_enzs attributes, respectively.

4 Class FBA

The FBA class uses the information from a Metabolism object to perform flux
balance analysis (FBA) in the model. For performing the optimization, this
class uses the python package PyGLPK. This class can be called with a single
input which is a Metabolism object. A second optional input (eps) can be

given, which is the minimum value a flux may have not to be considered zero?,

2This has been introduced to avoid some numerical issues when calculating essential reac-
tions ans sensibilities.

12



“SISI[ ©[g 93} Ul Pajsi[ o P[NOYS SuoIljdeal pue sajjoqeiown Auew MOy soyedIipul PSQEM H@W@uEH

[euorjdo oy J, ‘SUOIORAI PUR $911[0(RIOU JO AJTAI}O9UUOD PUR [9POW O} UO UOIJRULIOJUT YIIM [ B SOILIAN oI g 4 1089quf- 3o 9j1Im
‘padod e9inquijye mau oYy ul suorjdeal pedod oY) sa109s 1] ‘[opour ay) ul 9douo A[uo readde jonpoiad sauo puer sjeIISqNs
9UO )SBI[ B DISYM SUOI}ORII PUR JIOMIOU o1} JO sjuauoduIod pajdouuodsip 0} Surduo[aq suoIoeal SI9YI OUON. OUON soraI-peq
JI0MI9U 8Y) Ul SPOU YOore JO SUWIRU S} SUIUIRIUOD JSI[ ® ISTT-
OS]y "Suoljoeral pue sojljoqejowr £q pourioj yromjou o313rediq oYy 10j x1ajewr Aousdelpe oY) suinjoy XLIJRIN[- 4 ueojoog- SOROL XLIJRU™ A

sonag, 09 ndur reuorydo ayy 198
3[I10M)0U 91} JO UOISISA PIIAITPUN O} SOYSIM 9UO J] "UOIJORAI owWIOs A] [ [YJIM POIdoUUO0d ST 2

9j1[0qeiow jeyq Surueow T 09 [enbo juowae [ 9Y)}) s9jI[0qeIdW O] 10] X11jew Aousdelpe oy} suinjoy XLIYRIN - 4 ueaoog- X1y A
‘[[om se ‘Suorjoeol [[@ I0J U9}IIIM S') JUSIOIJOO0D 9AI309[qO ® SOYSIM dUO JI ONIJ, I0] 39S oq jsnwt (slqoy[e)
uea[OOg JSB[ 9Y) pUE ISI[ IISUOD dYJ UI SOUO 9} A[UO JOU pUR SUOI}OLAI [[€ I0J SIUTRIISUOD dITIM 0}
TINES 2U) SOUSIM 9UO JI 9N, 01 198 9 PINOYS (SHWI[[[®) URS[0Og PUOIDS O], ‘9oUdpuodsaliiod syl ARy 4 ueaoog-
pInoys (seus8-o1p) Areuoryoip [euorpdo oyl osed sIY) Ul ‘ousS ® [YIIm 20uapuodsaliod s91 SuIpedIpul 930U 4 ueejoog-
® SR UOI}ORAI [ORD JRY} SOYSIM dUO JI ONI, 0} 308 9q p[noys (seusSjurid) uesjooq 9s1y oY T, :O[Y TINGS 4 Areuorjor-
oty 103 are sindur [euorydo 1oyjo [y TINGS 03 euenid(O indjno jynejop oY) aSuryd 0} I9pIO Ul WS, 4 ueaoog-
09 108 oq ued (adAjory) Surrys [euorjdo puodss oy ‘O[y ndino oY) Jo sureu oYy st (IN0S[Y) SuLIys & SuLng-
reuorydo 9s1y o], ‘yeurio} ausnid( UL ST o[ U)ILIM 9Y) j[nejop Ag ‘[oPOouW oyj YIIm o[y ® SOILIA\ ol 4 SULIIG- dwnp
‘(senqriyge 2Inqriyye
papeou oY) Surkjipowr) [ppour oy} woay 189qur yndul oY) ST XOPUI 9SOYM UOI}IBDI 9} SOAOWN] MON- 1080qu] dod
“3s1] ndut oy jo
SJUeWATe 91} 81 SJULI)S 9SOYM SUOI}ORAI 9] (S9INqLIIe Papasu oY) SulLJipour) [9pouw 8y} 0} SPPY QUON IS1T soval ppe
‘A[[enuew s9INQLIIe BIBP MBI IO ST SWAZUS 9] SOYIPOW SUO JI Pasn aq A[UO p[noys
PINOYS SIYJ, 'S9INqLI1Je B)BP MBI PUR ST SWAZUS 9] Ul paseq 102[qo o1} JO sonqlijie [[e s9je[nore) QUON QUON So[RO
uorydriosoq g (s)mdino (s)andug g POYIOIN
'Sse[o

9T[} JO 9SN [RWIOUT I0] oIe pue so[y Jndur oY) WOIJ UOIYRULIOJUl Ioyjesd pue oY) peal [wgs oledard pue jdo-oredard) 9s1y s1y) ur
spoyewu Jursstur oy ], ‘Teuorydo st yndur o) yer) sejedrpul jndul we opIsAq , Y SSB[D WSI[ORIDIN O} JO SPOILIN € O[qR],

13



by default it is set to 10719,
In the following example, the file model.txt is the result of dumping (org.dump())
the 5 reaction model given as example in the former section.

>>> from PyNetMet.metabolism import *
>>> from PyNetMet.fba import *

>>> org = Metabolism("model.txt")

>>> fba = FBA(org)

>>> print fba

reac2 ----> 5.000000000
reac3 --——> 5.000000000
reac4 ----> 5.000000000
reacb ----> 5.000000000
reacl ----> 10.000000000
Flux on objective : 5.000000000
Reactions with flux (flux>eps) : 5
Reactions without flux (flux<eps) : 0

Solution status: Optimal
The attributes of this class are:

e reacs — List with the reactions (Enzyme objects).

e nreacs — Total number of reactions.

e reac_names — List with the names of all reactions.

e mets — List with all metabolites.

e nmets — Total number of metabolites.

e ext_in — List of external metabolites that can enter the cell.
e ext_out — List of metabolites that can leave the cell.

e Mstoic — List of tuples with the non-zero elements of the stoichiometric
matrix. Each tuple has first the index of the metabolite, secondly the
index of the reaction and finally the stoichiometric coefficient.

e constr — List of tuples with the constraints to be applied. Each tuple
indicates the lower and upper value for the flux. None indicates no limit.

e flux — List with the fluxes for all reaction from the last optimization.
e 7 — Value of the flux in the objective.

e obj — List of tuples for the objective. Each tuple has the reaction name
and objective coefficient.

e eps — Precision (value under which a flux is considered to be zero.
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e Ip — Linear problem. Pyglpk object with the FBA stored in it.

Table 4 contains the description of the methods in this class.

This class has one underscore method, the __sub__ which defined the subtrac-
tion of two FBAs. This method actually compares two different FBA, returning
a string with four columns, the first with the name of each reaction, the second
and third with the flux of the reaction in each one of the FBAs and the third
one with the realative difference in the flux (100#-*2), in the case where the
first flux is zero and the second is not, it return “NA” in this column.

5 Bugs and Feedback

These classes have been thoroughly tested in a debian linux system using python
2.7. Some functions have already been tested in a windows system running
python 2.7 via idle with no conflicts found until now.

Please email any detected bugs, suggestions or your feedback to the author.

6 License

PyNetMet is released under the GNU GENERAL PUBLIC LICENSE. See
COPYING and README files for further information.
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