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Conb'ol in perspective 

In the chscussion forum m T I B S  (January 
1987) Kacser and Porteous and Crabtree 
and Newsholme discussed thew views of 
the representatton and analysm of rote- 
grated btochenucal networks My own 
research mterests are not directly cen- 
tered in thin area, but I have followed the 
hterature and attended the meeungs 
where these toptcs were dmcussed 
Reachng the conmbuttons by the two 
groups, I was constderably dtsappomted 
that they dtd not mention the ptoneermg 
work by Savagean who developed the 
fundamental concepts of a blochermcal 
systems theory m the late 1960s and who 
has been contmuously extendmg tins 
theory ever since. Many peenle wtth 

Table I Chronology of  key Iheoreacol developments m BST and CA a 

whom I have talked about the analysts of 
biochemical systems have been confused 
by the 'independent' developments of 
control analysis, by its notation and by 
the unj~ttfied clatms of total generahty 
In my oplmon, it ts of the utmost tmpor- 
tance to clarify the relattonships between 
the approaches represented by the diffe- 
rent schools as soon and as ngorously as 
possible m order to gwe cnttcal resear- 
chers m thts area a correct v~ew of the 
current knowledge m this area There ts 
no room m this short note for a detaded 
analysis of both approaches and thetr 
common and dtfferent features, how- 
ever, the chronology m Table I contains 
specific comparisons of the concepts tn 

Btochermcal systems theory Cont.ol analyms 
Developments (BST) (CA) 
Defimuan of component parameters Savageau (1969) Kacser & Burns (1973) 
SpectfieaUon of the underlying formahsm Savageau (1969) b 
Ability to charactertze branched pathways Savagean (1969) Hemnch & Rapopon (1975) 
Conchtgon for exmtence of a steady state Savageau (1969) b 
Exphclt steady-state solutgon Savageau (1969) b 
Introduced standard matrix notauon Savageau (1969) Hemnch & Rapopon (1974) 
Defimuon ofsystenuc parameters Savageau (1971 ) Kacser & Bums (1973) 
Relattonslup between power-law and 

convanttonal lunettc parameters Savageau (1969,1971) Hemnch & Rapoport (1974) 
Assessment of accuracy Savageau (1969,1971,1976) b 
Computer analysts Savageau (1970) b 
Dynenucpmpames Savageau (1970) Sombas & Bartmns (1986) 
C~nchttons for stablltty Savagean (1970,1974) Sombas & Bartrons (1986) 
Exphett relauonshtps between component 

and systenuc parameters Savageau (1971) garser (1983) 
Reqmted measurements Savageau (197L, 1972) Kacser & Bums(1973) 
Well.controlled cumpartsons Savageau (1972, 1976) h 
Summatton and ¢onnectwity 

relanonshlps Savageau (1976) Kacser & Burns (I 973) 
A$8¢e~te vartables Savageau (1979) Fell & Sauro (1985) 

Westerhoff& Chert (1984) 

Large-scale mtegratton Savageau (1979) b 
Analyteal soluttons Vote & Savage :m (1984) b 
Cauomcul non-hnear form Savageau (19"79) b 

Vote & Savageau (1986) h 

Generahzauon to cellular systems Vote & Savageau (1982) b 
Irvme & Savagtau (!9855 

m . 

aReferences go BST are hsted below, those to CA can be found m Kacser 
January 1987) 
bNot avadable m the current verston of CA 

and Porteous (TIBS 12, 5-14, 

the 'blochemtcal systems theory' (BST) 
and 'control theory' (CT) and references 
to the original literature that are neces- 
sary for a balanced evaluatton 
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Discover~g another view of control analysis 

The papers m the T I B S  dtscusslon 
forum of January by Kacser and Port- 
eous and Crabtree and Newsholme each 
claem to have developed a new theorett- 
cal approach that ts more vahd than the 
other for the a ,  alysls of blochemtcal sys- 
tems Unfortunately this dtscosston 
onutted any reference to other ap- 
proaches m the field. 

I recently became aq~ainted with this 

held through the papers of Kacser et al 
and set oat to develop a method for 
analysing the stabthty of the steady state 
and relattng this fundamental property 
to the elasfictty coefficients, and hence 
the control properttes of the system The 
posstbthty of studymg the dynamtcs of 
the system opened up, for me, a new 
perspecuve fol thts theory 

Since tins ts a fundamental tssue, one 

might ask 'why has tt taken so long to be 
recogmzed and developed w~tlun the 
theory of control analysts ~' The answer 
ts related to the baste character of control 
analysts In this approach, elastloty co- 
efficients and flax control coefficients are 
defined m a stmphfied phenomenologt- 
cal fashion to represent local and global 
changes m the system, this avotds the 
complextty of the system by omitting 
constderatton of the fundamental 
dynamtcs Thts stmf'hficatton ts one o[ 
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the attractions of control analysts, R also 
ts a major hmltatton because tt masks a 
number of fundamental issues 

Gwen tins hmttaaon, one might ask 
'Can control analysts be used to define a 
general theory for studying biochemical 
systems9' The common response is, for 
those who have stu&ed the problem 
from the point of view of Kacser et al ,  
that there is no other way to approach 
the subject Indeed, Kacser et ai have 
systematically repeated that control 
analysts ts an entirely general theory and 
that w~thout it one cannot really under- 
stand biochemical systems 

However, after pubhslung my work 
on the control analysts of substrate 
cycles t and attempt[]g to extend tins 
analysts to the dynamics of the system, I 
wa3 surpnsed to learn that another 
approach does mdeed exist, that ttts part 
of an elaborated theory that was 
developed some years before the first 
papers of control analysts 

The theory (called btochenucal sys- 
tems theory) was presented ongmally by 
M A Savageau 2-7 It has since been 
developed systematically s-~ and used in 

the analysis of many btochetmcal sys- 
tems (mcludmg gene orcmts 912 and 
immune response networks 13,14) This 
theory provides a general approach that 
exhibtts rather than masks the funda- 
mental non-hnear dynanncs of the sys- 
tem being analysed, and provides a sys- 
temattc way to analyse its dynamic and 
control propemes When blochemtcal 
systems theory ts apphed to the btochem- 
tcal pathways that fulfil the restrictive 
assumpttons of control analysts, tt can be 
shown that the two approaches provide 
~he same results and thus tt can be seen 
that control analysts ts a particular case 
of biochemical systems theory 

Readers must consult the original ht- 
erature and denve the t r  own concluston 
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Some fi~rther comments from the original authors 

Repfies from K a c s e r  and Porteous: Reply to 8avageau (as we have done 4 5) and thus manipulate 

Any model ts a mathematical fiction 
Tins apphes to our treatment as well as 
that of Savageau All models (including 
his) have assumptions He descnbes his 
own formulations as approximauons 
The real world ts much messier than a set 
of neat equations. One could, for exam- 
ple, construct a very general model 
where every enzyme mteracts with all 
metabolites, and every metabohte []- 
teracts with all other metabohtes and 
every enzyme mteracts with all other en- 
zymes There is evidence for some m- 
stances of some interaction in each of the 
above classes. Such a general model, 
however, would be quite unmanageable 
and would have to be reduced severely m 
laboratory practzce The question to ask 
is whether a particular model is an 
adequate representation of the particu- 
lar problem that we choose to study If 
the assumptions are grossly madequate, 
tt wdl come out m the wash Our model 
contains as few restrictive assumptions as 
appears necessary, and adds comphca- 
uons only when the evidence warrants tt 
Once set up, however, a rigorous apphca- 
tlon ts called for Control analysts (and 
espeoally a brief sketch [] TIBS) does not 
attempt to erect a grand theory of all poss- 
ible systems under all possible circum- 
stances What tt has done ts to bndge (or 
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narrow) the gap between enzymology 
and physiology for the common prob- 
lems which biochemists encounter Ithas 
led to new methods of expenmentauon 
(of which we quote a number of examples) 
and to new insights into control m bio- 
chemistry and gc neucs 

Savageau ates enzyme-enzyme in- 
teractions and cascades as the Achilles 
heel(s) of our treatment. We comment 
on enzyme-enzyme elasticities m the 
reply to Welch and Kelett and smular ad- 
chtlons will deal with cascades He does 
not quote the fact that we acknowledge 
the FOSstble modifications which may be 
necessary to parucular casesl, ~. Untd we 
have sufficient quanmaUve mformauon 
on specific mteracuons, a blanket com- 
phcauon of the model is not very useful 
Such mformauon must come from the 
expenmentahst and not from the 
mathemauctan 

Samlarly, he qmte wrongly asserts 
that we always assume enzyme levels to 
he fixed parameters In one of our early 
pubhcauons 3 we deal exphcRly w~th the 
problem of vanable gene expression He 
ts also wrong m asserting that when 
enzymes are dependent concentration 
vanables the expenmentahst has no 
threct influence [over them] You can 
change the gene dose, t e parameters, 

the enzyme levels 
He ts wrong again (In refernng to the 

summation and connecttwty prope~es) 
that our demonstration of these by refer- 
ence to the small model system in the 
TIBS art¢le 'Is a circular argument since 
denvatton of the~e expressions required 
(s¢) these properties m the first place' 
These expressions of the control coeffi- 
cients m terms of elasticities can be and 
have been obtained by the simple solu- 
tion of three simultaneous equations (see 
also Ref 6). They may also be obtained 
by the matrLx method revolving the 
above properties ~ He must be aware 
that the general proofs t 3 are qmte free 
from circularity Stablhty problems are 
important aspects and wdl crop up m 
particular systems But as he admits m 
ins comments, 'real systems rmght pos- 
sess these [stable steady states]' Most 
pracu'smg biochemists would be sausfied 
w~th a model that assumes this very gen- 
eral state and a~ows them to work vmhm 
its framework Much mterestmg work ~s 
bemg done on oscdlauons and sumlar 
phenomena for which appropriate mod- 
els are being proposed 

The read,~r~ nf ~avageau's letter 
should also be aware that he ts quoting 
us out of context Thus, m his very first 
sentence, the quoted passage actually 
begins with 'In other words, we should 


