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Applications of engineered biological systems
Metabolic engineering
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Native BIA pathway
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Late Synthetic BIA pathway
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Production of 6-O-Methyl-norlaudanosoline
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Production of 3’-Hydroxy-N-methylcoclaurine
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Production of (R,S)-Reticuline
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Enzyme variant dependence:
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Optimization of (R,S)-Reticuline production

Strains continue to accumulate (R, S)-Reticuline during growth in stationary phase (OD600 ~ 10).

Time dependence:
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Optimization of (R,S)-Reticuline production

Enzyme level dependence:
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BIA synthesis beyond reticuline – berberine branch

N
OH
OH

O

O

H CYP719AOH
N

O

OH

O

OH
N

O

O

O

N

O

O

O

OBBE SMT

(S)-Scoulerine (S)-Tetrahydro-
columbamine

(S)-Tetrahydro-
berberine

N

O

O

O

O
+

Berberine

(S)-Reticuline

O

O

N
O

O
+

Sanguinarine



BIA synthesis beyond reticuline – berberine branch
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BIA synthesis beyond reticuline – morphine branch
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BIA synthesis beyond reticuline – morphine branch
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Tools for optimizing BIA production
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ON switch (L2bulge 1)

A ribozyme switch platform for up-regulating expression
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A ribozyme switch platform for down-regulating expression
OFF switch (L2bulgeOff 1)
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Integrating RNA devices as noninvasive sensors of 
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bind wide range of ligands

high specificity and affinity
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Scalability challenge: libraries of nucleic acid sensors



Specificities of BIA-binding aptamers 

Specificity Profile
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Integrating synthetic metabolic networks and RNA-
based control systems

Metabolic pathway engineering requires a host of tools for 
optimizing flux and product accumulation

User-programmed feedback control systems are useful for 
dynamically controlling flux through pathways 

Developing new genetically encoded tools for receiving, 
processing, and transmitting molecular information 

Response properties can be programmed to fit the 
performance specifications of a given application

These technologies will advance the engineering of more 
robust cellular systems
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