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Bioengineers need a systems theory of our own...
for a bio-industrial revolution!
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Newton's law for bio: bioregulation is binding regulates catalysis.

ROP implies a rule of life: flux exponent control (FEC), 
predicting metabolism dynamics from network structure

Revolutionary engineering 
advances are driven by 
understandings of both (1) 
structures of interaction about 
how components interact, and 
(2) systems theory about how 
components are put together 
into a functioning machine. 

Our answer for 
bioregulation What's next?

Full bioreg profile is HARD to describe.

Reaction order polyhedra (ROP) can be computed at scale.

Traditional methods are restrictive.

Holistic solution of bioreg via 
reaction order polyhedra (ROP)

Reaction order can also capture bioreg.

Such assumptions are made in 
all existing methods, making 
them invalid in combinatorial 
regulations and highly dynamic 
scenarios. 

The holistic approach via differential geometry

ROP can discover hidden regimes in biocircuits,
e.g. plasmid number invariance.

ROP describe dynamics elegantly via structural regimes.
Example: oscillations in glycolysis. Example: growth arrest under stress.

FEC fully upgrades flux balance
analysis (FBA) to capture dynamics.

Metabolic engineering (comp): large scale 
computation of metabolism dynamics, 
combining distributed control and FEC.

Dynamic regulation of microbial survival 
and growth (comp + exp): speed, accuracy 
and complexity tradeoff in combinatorial 
decision making in highly fluctuating 
environments.

Holistic analysis and foundation of 
combinatorial regulation in systems 
biology (math+comp): ROP enables novel 
analysis of necessary conditions (i.e. Laws) of 
adaptation/hypersensitivity/multistability of 
biocircuits. ROP also reveals the structure 
underlying combinatorial complexity in bioreg, 
laying the cornerstone of a rigorous foundation.


