
ά¦ƴƛǾŜǊǎŀƭ ƭŀǿǎ ŀƴŘ ŀǊŎƘƛǘŜŎǘǳǊŜǎέ

ÅReview 3 recent papers*
Å¦ƴƛǾŜǊǎŀƭ άƭŀǿǎέ όŎƻƴǎǘǊŀƛƴǘǎύ
ÅUniversal architectures
ά/ƻƴǎǘǊŀƛƴǘǎ ǘƘŀǘ ŘŜŎƻƴǎǘǊŀƛƴέ

ÅConcrete, concrete, concrete (& familiar?)

ÅMore details, case studies at 5pm

*try to get you to read them?



Chandra, Buzi, and Doyle



K Nielsen, PG Sorensen, F Hynne, H-G 
Busse. Sustained oscillations in glycolysis: 
an experimental and theoretical study of 
chaotic and complex periodic behavior 
and of quenching of simple oscillations. 
BiophysChem72:49-62 (1998).

Experiments

CSTR, yeast extracts



Figure S4. Simulation of two state model (S7.1) qualitatively recapitulates 
experimental observation from CSTR studies [5] and [12]. As the flow of material 
in/out of the system is increased, the system enters a limit cycle and then 
stabilizes again. For this simulation, we take q=a=Vm=1, k=0.2, g=1, u=0.01, h=2.5.
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experimental observation from CSTR studies [5] and [12]. As the flow of material 
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Why?

Explanations:

ÅPossible

ÅPlausible

ÅActual

ÅMechanistic

ÅNecessary

Science

Engineering 
Medicine
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DƭȅŎƻƭȅǘƛŎ άŎƛǊŎǳƛǘέ ŀƴŘ ƻǎŎƛƭƭŀǘƛƻƴǎ

ÅPerfect circuit case study 
ïEvery cell, heavily studied

ï9ȄǇŜǊƛƳŜƴǘǎΣ ƳƻŘŜƭǎΣ ǎƛƳǳƭŀǘƛƻƴΣ ΧΣ ŀƭƭ άǿŜƭƭ-ƪƴƻǿƴέ

ÅOscillations?
ïwŜƳŀƛƴ ǇŜǊǎƛǎǘŜƴǘ ƳȅǎǘŜǊȅ όŘŜŎŀŘŜǎΣΧΚύ

ïFrozen accident?  Edge of chaos? Emergulence?

ÅNew insight: constraints and tradeoffs
ïά¦ƴƛǾŜǊǎŀƭέ ǊƻōǳǎǘƴŜǎǎκŜŦŦƛŎƛŜƴŎȅ ǘǊŀŘŜƻŦŦ 

ï9Ǿƻƭǳǘƛƻƴ Ҍ ǇƘȅǎƛƻƭƻƎȅ Ҍ ά/5{έ ǘƘŜƻǊȅ

ïLǎǎǳŜǎ ϧ ǘƘŜƻǊȅΥ ōǊƻŀŘƭȅ ǊŜƭŜǾŀƴǘ ŀƴŘ άǳƴƛǾŜǊǎŀƭέ

ÅExtreme responses typical
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Core metabolism

Inside every 

cell (º1030)
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Components and materials:

Enzymes, metabolites

Systems requirements: 

Robust and efficient
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Nikolaev, BurgardMaranas, Elucidation and Structural Analysis of Conserved Pools for Genome-Scale 

Metabolic Reconstructions ,Biophysical Journal, Volume 88, Issue 1, January 2005, Pages 37-49 

Constrained (conserved):
1. Total NAD moiety
2. Total Adenylatemoiety
3. Total Carbon moiety
4. Total phosphate moiety
5. Total oxygen  moiety
6. Oxidized state of metabolites
7. Reduced state of metabolites
8. High energy potential release



Constrained (conserved):
1. Total NAD moiety
2. Total Adenylatemoiety
3. Total Carbon moiety
4. Total phosphate moiety
5. Total oxygen  moiety
6. Oxidized state of metabolites
7. Reduced state of metabolites
8. High energy potential release

Components and materials:

Enzymes, metabolites

Protocols

System: 

Robust and efficient



Constrained (conserved):
Moiety
1.NAD
2.Adenylate
3.Carbon
4.phosphate
5.oxygen

6. Oxidized state of metabolites
7. Reduced state of metabolites
8. High energy potential release



Robust=maintain energy charge (y)  
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ÅEach theory ºone dimension

ÅTradeoffs across dimensions

ÅAssume architectures a priori

ÅProgress is encouraging, buté
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Fluorescence histogram (fluorescence vs. cell count) of 
GFP-tagged Glyceraldehyde-3-phosphate dehydrogenase
(TDH3). Cells grown in ethanol has lower mean and 
median of fluorescence, and also higher variability.
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ωMicrofluidicexperiments
ωYeast strain W303 grown in Ethanol
ωGlucose and KCN added ­anaerobic glycolysis
ωNADH measured every 3 s
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What about arbitrary
ÅComplex control dynamics?
ÅRealistic models?

ÅWhat if control implementation has 
arbitrarily complex dynamics (states 
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Fluorescence histogram (fluorescence vs. cell count) of 
GFP-tagged Glyceraldehyde-3-phosphate dehydrogenase
(TDH3). Cells grown in ethanol has lower mean and 
median of fluorescence, and also higher variability.
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ωMicrofluidicexperiments
ωYeast strain W303 grown in Ethanol
ωGlucose and KCN added ­anaerobic glycolysis
ωNADH measured every 3 s
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Figure S4. Simulation of two state model (S7.1) qualitatively recapitulates 
experimental observation from CSTR studies [5] and [12]. As the flow of material 
in/out of the system is increased, the system enters a limit cycle and then 
stabilizes again. For this simulation, we take q=a=Vm=1, k=0.2, g=1, u=0.01, h=2.5.
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What reviewers say
ÅάLŦ ǎǳŎƘ ƻǎŎƛƭƭŀǘƛƻƴǎ ŀǊŜ ƛƴŘŜŜŘ ƻǇǘƛƳŀƭΣ ǿƘȅ ŀǊŜ ǘƘŜȅ ƴƻǘ 
ǳƴƛǾŜǊǎŀƭƭȅ ǇǊŜǎŜƴǘΚέ 

Åά¢ƘŜ ŀǇǇǊƻŀŎƘ ǘƻ ŜǎǘŀōƭƛǎƘ ǳƴƛǾŜǊǎŀƭƛǘȅ ŦƻǊ ŀƭƭ ōƛƻƭƻƎƛŎŀƭ ŀƴŘ 
physiological systems is simply wrongΦ Lǘ Ŏŀƴƴƻǘ ōŜ ŘƻƴŜΧέ  

Åά²ƘƛƭŜ ǘƘŜ ƴƻǘƛƻƴ ƻŦ ǳƴƛǾŜǊǎŀƭƛǘȅ ƛǎ ǿŜƭƭ ƧǳǎǘƛŦƛŜŘ ƛƴ ǇƘȅǎƛŎǎΣ ƛǘ ƛǎ 
perhaps not so useful in biological sciences and medicine. To 
develop a set of universal principles for biological and 
physiological systems is mostly likely a dream that will never be 
realizedΣ ŘǳŜ ǘƻ ǘƘŜ Ǿŀǎǘ ŘƛǾŜǊǎƛǘȅ ƛƴ ǎǳŎƘ ǎȅǎǘŜƳǎΦέ  

ÅάΧdoes not seem to have an understanding or appreciation of 
ǘƘŜ Ǿŀǎǘ ŘƛǾŜǊǎƛǘȅ ƻŦ ōƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎΧέ 

ÅάΧŘŜǎƛǊŜ ǘƻ ŘŜǾŜƭƻǇ ǊƛƎƻǊƻǳǎ ŦǊŀƳŜǿƻǊƪ ƛǎ ǳƴŘŜǊǎǘŀƴŘŀōƭŜΣ ōǳǘ 
usually this can be done only by imposing a high degree of 
abstraction, which would then make the model useless Χέ 

ÅάΧ ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ ǎŎƘŜƳŜ without any real connections to 
biological or medical problemsΧέ  




