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The Computer Users Group Workshop on Modelling Metabolic Systems 

at the 124th Meeting of the Society for General Microbiology 
at University of Kent, Canterbury, UK, 6 January 1993 

'' 

Douglas Kell (University of Wales, 
Aberystwyth, UK) organised the above 
workshop at the SGM Kent meeting. 
Tbe main aims were to indicate to a 
relatively lay audience the advan
tages of producing mathematical 
mode'ls of the metabolic systems one 
was studying, and to illustrate (with 
practical demonstrations) some of 
the many computer programs which 
are now available for doing this in a 
relatvely painless fashion. Tbe work
shop intentionally followed the Ge
netics & Molecular Biology and the 
Physiology & Biochemistry Groups' 
joint Symposium on Genetic regu
lation of Metabolic Flux. It con
sisted of an overview lecture by Dr 
Hans Westerbojf(Nederlands Kanker 
Instituut, Amsterdam, Tbe Nether
lands) entitledModelling Metabo
lism; What; Why and How? fol
lowed by a number of demonstra
tions of programs outlined below, by 
Hans Westerhoff, David Fell and 
Simon Thomas (OxfordBrookes Uni
versity, UK) andPedroMendes (Uni
versity of Wales, Aberystwyth, UK). 
What follows was contributed by them 
and subjected only to minor editing. 
Tbe local organizerwasAlanBunch, 
Biologicall.aboratories, University of 
Kent, UK who cheerfully and gra
ciously ensured that we were pro
vided with all necessary computing 
requirements, and plied with wine 
by courtesy of the SGM Computer 
Users Group. 

Three generations of programs that 
are used to simulate biological sys
tems were distinguished by Hans 
Westerhoff. The oldest generation is 
characterized by the fact that both 
the program language and its com
munication with the user are in math
ematical terms. That is, the program 
statements are formulated as math
ematical operations between real or 
integer numbers and the user has to 
describe the biological system in 
terms of mathematical equations. 
These would typically be the differ
ential equations describing how the 
time dependence of the metabolite 
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concentrations depends on those 
concentrations. Examples of such 
languages are FORTRAN and C. Lan
guages such as MLAB, MatLab and 
MAPLE belong in the same category, 
although they have the important 
advantage that many mathematical 
operations (such as an integration) 
do not have to be programmed in 
terms of primitive mathematical op
erations but can be invoked by a 
single command. 

The second generation of simula
tion languages is still structured in 
mathematical terms, but its user in
terface has been adjusted to the needs 
of the biologist. Consequently, the 
user may describe the biological 
problem of interest in terms of actual 
processes which change the concen
trations of metabolites. The program 
will then automatically integrate, 
determine steady states, or control 
properties. Examples of this genera
tion (in approximate order of increas
ing devotion to biology) are: STELIA, 
SCoP, ESSYNS, METAMOD, Meta 
Model, MetaCon (which specializes 
in control properties), SCAMP and 
Gepasi. MetaCon and Gepasi are 
described later. These simulation 
programs are considered to have the 
advantage that they are readily un
derstandable for the layman, reason
ably well debugged and that in many 
cases the authors are still actively 
interested in their application to bio-

logical and metabolic problems. 
The third generation of programs 

is not yet at the stage of being widely 
available and fully debugged. They 
have been programmed in a lan
guage that is itself couched in terms 
of the biological object. That is, in
stead of real numbers and integer 
numbers, enzymes, and metabolites 
are used and instead of multiplica
tion, reaction. This is possible be
cause of the development of object
oriented programming languages 
such as C++. An examples is the 
program METASIM. An advantage is 
that the structure of the program it
self is now directly related to the 
structure of the biological system that 
is being programmed, such that the 
program may be actually complete, 
yet understandable by its biological 
user. This could reduce errors arising 
from communication failures be
tween programmers and biologists. 
Disadvantages are that these pro
grams cannot directly implement all 
the best available mathematical tools 
that have been developed over the 
centuries, precisely because the tools 
have been formulated in mathemati
cal rather than biological terms. In 
addition, the program is still at the 
testing stage. 

Examples of simulations using 
languages from each of these gen
erations were shown. The following 
are typical statements in an MIAB 
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programme designed to simulateATP 
productionduring(part oD glycolysis 

function vl(ATP,G)=kl*ATP*G; 
function v3(A TP ,1,H)=k3 *(ADP)*l*(Pi)*NAD; 
function ATP'T(t)~2*vl +4*v3; 
m=integrate (ATP'T, tO:tend:tstep); 
draw min window; 
view window; 

MI.AB is a commercial programs, and 
is available from Civilized Software, 
MD 20814, USA (Tel: 301652 4714). 

In the SCoP program the interface 
is already in terms of biologically 
relevant properties. There is one 
block in which one has to define the 
constants, one in which one has to 
state the independent variable (usu
allytime), one in which the metabolite 
concentrations must be defined, one 
in which any conservation condi
tions must be mentioned, and then 
one in which the equations are men
tioned. This is all done in a file, which 
is then used in a compilation proce
dure to make a fast simulation pro
gram. SCoP is also a commercial pro
gram, and is available from Mailen 
Kootsey, NBSR, Duke University 
Medical Center, Durham, NC 27710, 
USA. 

In the object oriented METASIM 
program (Staffers et al., 1992 and 
available from Hans WesterhofD the 
statements look like: 

substance DNA, mRNAhis3, His3 
Irreversibleenzyme His3DNAtranscription, 

His3mRNAtranslation, 
simulator time(O, 15, 10--1) 
while (time) {X.output} 
X.output 
where the biological objects are recognized in 
the program. 

Gepasi 
Gepasi (as in GEneral PAthway 
Simulator), written and demonstrated 
by Pedro Mendes, University of 
Wales, Aberystwyth, UK is a soft
ware package for the simulation of 
the dynamics, steady-state and con
trol analysis of metabolic pathways. 
The simulations produce values for 
the concentrations of metabolites and 
the magnitudes of fluxes starting from 
an initial state. The parameters of 
these models are the kinetic con
stants of the steps and the concentra
tions of metabolites that are either 
fixed (buffered) or constantly flow
ing into or out of the system. The user 

interaction is handled by a program 
that runs under MS Windows (pres
ently on IBM PC-compatible com
puters). This program makes exten
sive use of menus, dialogue boxes, 
push buttons, and other controls. This 
form of input, accompanied by key
board short cuts, minimizes the time 
taken by a first-time user to get ac
customed to the mechanics of the 
program. By taking advantage of MS 
Windows own help engine, this front
end program has an extensive help 
system that covers not only immedi
ate instructions on how to use the 
package but also has explanations of 
common concepts in metabolic con
trol, for example, those of internal or 
external metabolites. There is also a 
section with full references to arti
cles, reviews and books covering 
subjects related to metabolic control 
and modelling. It is considered that 
this feature should ensure that the 
package will be a useful tool for 
education. 

One feature ofGepasi that is par
ticularlyuseful for an extensive study 
of a model is the ability to scan vari
ous parameters. The simulator will 
produce several simulations in se
quence (each with different values 
for those parameters) and put the 
output on different rows of the same 
file, effectively producing a map of 
the behaviour of the model (its vari
ables) in a region of parameter space. 
Virtually all parameters of the model 
can be scanned (but unless the model 
is small, scanning all would become 
prohibitive). These 'scans' can be 
done with linear or logarithmic inter
vals: lower and upper limits and the 
number of intervals must specified 
for each parameter. They can also be 
done by assigning random values 
(with linearly or logarithmically uni
form distributions) for the param
eters within lower and upper limits. 
In this case a total number of 
simulations is selected. 

Gepasi runs on personal comput
ers with MS DOS version3.2 or above 
and MS Windows version 3.1 in en
hanced mode. It is available from the 
author, who can be contacted via 
electronic mail to PRM@ABER. 
AC.UK. The package is supplied by 
post only if suitably formatted 
diskettes are sent to the author (with 
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a minimum of 1.2 Mbytes free). In 
JANET, the latest version of the pack
age is available for downloading from 
the, UKUUG archive at 
UKAC.IC.DOC.SRC in the directory 
/packages/ibmpc/ simtel20 /biology. 
In the USitcanbeobtainedbyanony
mous FTP from wsmr
simtel20.army.mil in the directory 
<MSDOS.BIOLOGY>. 

MetaCon 
Meta Con (Thomas &Fell, 1993; dem
onstrated by David Fell, Oxford 
Brookes University) is a computer 
program for the evaluation of the 
flux-control, concentration-control 
and branch-point distribution con
trol coefficients of a metabolic path
way. Requiring only the reaction 
scheme as input, the program pro
duces algebraic expressions for Lhe 
control coefficients in terms of elas
ticity coefficients, metabolite concen
trations and pathway fluxes. Any of 
these variables can be substituted by 
numeric or simple algebraic expres
sions: the expressions will then auto
matically be rearranged in terms of 
the remaining unknown variables. 
When all variables have been substi
tuted, numeric values will be ob
tained for the control coefficients. 
The program is a computerized im
plementation of the matrix method 
forthe determination of control coef
ficients (Fell & Sauro, 1985; Sauro et 
al., 1987). The vast majority of 
MetaCon's input and output is from 
and to simple text (ASCID files. The 
only exceptions are a few simple 
messages, and sometimes prompts 
to the user which require keyboard 
input. Processing commands in the 
input file are in an understandable, 
English-like language. 

The stages of processing carried 
out by MetaCon are to: 

1. Analyse the pathway, and create 
the corresponding elasticity ma
trix (a term used in the matrix 
method), whkh can be written to 
an output file. Th,is step is the 
actual Metabolic Control Analy
sis. The variables in the elasticity 
matrix are: 
i. elasticities, 
ii. pathway fluxes, in branched 

pathways, 
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iii. metabolite concentrations, in variable v, which appears in the the values of all the variables have 

pathways with conserved elasticity matrix, in terms of both been determined. However these 
groups of ,,metabolites. The unscaled sensitivities, Clv, and features should also prove to be 
variables ih tl\e elasticity ma- scaled sensitivities useful to workers who are inves-
trix represent the set which ({}C/Ov).(v/C). tigating the control of metabolic 
must be measured to calcu- The sensitivity analysis is carried pathways theoretically, rather 
late the control coefficients. out algebraically, to produce ex- than experimentally. 

2 Solve the matrix equation to pro- pressions of the same form as 
duce algebraic expressions (they those for the control coefficients. MetaConrunsunder DOS on IBM-
are multivariate polynomials) for compatible PCs. A version to run on 
the control coefficients. The flux The only limitations of the form a DEC 2100 workstation (UNIX) is 
control coefficients of all steps in of network which Meta Con can ana- also being implemented. It is distrib-
the pathway on one specified flux lyse are: (1) stoichiometries must be uted under the GNU General Public 
(the reference flux) are calculated. integral; (2) the network must be licence Version 1. The DOS version 
The user can also request the con- fully connected by the flow of mass - is obtainable by sending a formatted 
trol coefficients of all steps on all all metabolites and steps must form a 3.5 inch disk to the authors Simon 
variable metabolite concentra- continuous network. Systems com- Thomas and David A Fell, at the 
tions, and in a branched path- posed of physically disconnected School of Biological and Molecular 
way, the branch-point distribu- networks which are only connected Sciences, Oxford Brookes Univer-
tion coefficients over the branch by regulatory effects (e.g. cascades, sity, Gipsy Lane, Oxford OX3 OBP, 
flux( es). gene expression, hormone action) UK. The executable program is dis-

3. Modifytheseexpressions, by sub- cannot be analysed. tribute~ with a comprehensive 
stituting equations or numerical Meta Con was intended to be used manual (MS Word for Windows 2 is 
values from die equations sec- mainly by experimentalists working needed to read it; a less readable 
tionoftheinputfile, for any of the in Metabolic Control Analysis, as it ASCIIversionisalsodistributed), and 
variables contained in the elastic- sample input and output files. 
ity matrix. These equations can 1. automates all stages of the calcu-
contain additional 'user-defined' lations of the control coefficients, References 
variables, which themselves can and FEll, D.A. & SAURO, H.M. (1985). European 

be further substituted. An obvi- 2. can help in experimental design journal of Biochemistry 148, 555-561. 

ous example of die use of this by informing the user which vari-
SAURO,HM.,SMAll,J.R&FEll,D.A.(1987). 
Europeanjournal of Biochemistry 165, 215-

facility is to enter equations for ables are to be measured and by 221. 
elasticities of reactions, which are carrying out a sensitivity analysis STOFFERS, H.J., SONNHAMMER, E.L.L., 

derived from their kineticexpres- on the values of the control coef- BLOMMESTIJN, G.J.F., RAAT, N.J.H. & 
WESTERHOFF, H. V. (1992). METASIM:object- Ii 

sions. ficients. Because processing is oriented modelling of cell regulation. :f 
4. Carry out a sensitivity analysis to algebraic, useful information Computer Applications in the Bioscience 8, 'i' 

1 
determine the sensitivity of all about the control structure of a 443-449.AvailablefromHans Westerhoff(Fax: 

control coefficients, C, to each pathway can be obtained before 31 20 5122029; email: HW@NKI.NL). 
1ROMAS, S. &FEil, D.A. (1993). Biochemiical 
journal. In press. 
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