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Cyanobacteria are excellent at producing specific 
polypeptides at high levels

Complex Function Protein(s) %AFDW Organism 

Phycobilisomes Light harvesting CpcA/CpcB 24% Synechococcus elongatus

RubisCO Carbon Fixation RbcS/RbcL 3% Global Average, marine phytoplankton

Image of phycobilisome/reaction center supercomplex

Blankenship. (2015) PNAS 112 p 13751

Myers and Kratz (1955) J. Gen Physiol 39 pp 11
Bar-On and Milo (2019) Proc Natl Acad Sci 116 pp 4738





Recent candidate strains show high productivity

Transgenic protein 
in soluble extracts from 

individual spirulina strains

~15% of dry 
weight
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Strains produced by Lumen Bioscience
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Lumen’s objective is to optimize/expression potency in 
Arthrospira

• Therapeutic proteins are far more valuable than 
pigments or fuel

• To produce a useful therapeutic, yield/biomass needs to 
be optimized

• Growth is a secondary concern 

Western blotting/ enzyme assays
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Growing phototrophic organisms represents unique 
challenges in the laboratory

Outdoor photobioreactors from the AzCATI facility

Small scale to large scale comparisons suffer from several 
disadvantages:

 1. Light Intensity

 2. Mixing Rates

 3. pH values 

HCO3
- 
→ CO2 + OH- 

(photosynthesis)

Arthrospira platensis
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Lumen employs mini-bioreactors for higher throughput 
analysis

1.    LED panels are attached to the sides (red arrows), 
illumination pathlength is the same as the large reactors

2.    Air and CO2 lines are inserted at the top into the 
open plastic bag (green), pH probe is inserted as well 
(purple)

3.    Culture is inserted in a bag (blue arrow) between 
two metal plates

Small-Scale Reactors
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Each strain needs a different set of parameters for 
optimization

Strain #1
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Definitive screening design was used to optimize 
multiple parameters

• After analyzing multiple runs, 4-6 parameters that 
affect expression were identified

• Definitive screening design, a design of experiment 
approach that optimizes these parameters

A Parameter
(A.U.)

B Parameters
(A.U.)

C Parameter
(A.U.)

D Parameter
(A.U.)

0 1 0.5 0

1 0 0.5 1

1 0.5 0 0

0 0.5 1 1

0 0 0 0.5

1 1 1 0.5

0.5 1 0 1

0.5 0 1 0

0.5 0.5 0.5 0.5
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Exploratory plots show first-order interactions
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Preliminary analysis shows strains respond in 
varied ways to growth conditions
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V. Fischetti, Rockefeller U.







Danielsson et al. (2017) Frontiers in Microbiol. 8 pp 1-15
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