
Introduction
Cyanobacteria represent a promising platform for biofuel and biochemical 
production due to their rapid growth rate, their tolerance of saline 
environments, and the ability of certain strains to fix atmospheric nitrogen. 
HelioBioSys, Inc. has developed a polysaccharide-producing cyanobacterial 
consortium capable of growth in salt water across a wide range of 
temperatures under nitrogen-fixing conditions. Secreted polysaccharides are 
recovered from the cultivation medium following centrifugation; residual 
cyanobacterial biomass can then be used as animal feed, fertilizer, or 
feedstock for further bioprocessing. In collaboration with Heliobiosys, 
researchers at the Advanced Biofuels Process Demonstration Unit (ABPDU) 
conducted studies to validate recovery and downstream applications, 
focusing on three key areas: process development and scale-up for 
polysaccharide recovery and purification, compositional analysis of the 
excreted polysaccharides, and formation of polysaccharide gels as a 
potential commercial application.

Cyanobacterial consortium grows across a wide 
temperature range without added nitrogen

Fig. 1: Growth comparison of individual species and the two-strain 
consortium, with and without nitrate supplementation.

Fig. 2: Growth comparison of the two-species consortium under 
nitrogen-fixing conditions across a range of growth temperatures.
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Spontaneous formation of polysaccharide gels

Fig. 4: Spontaneous gel formation was observed following chemical 
modification of the growth medium, enabling direct recovery of hydrated 
polysaccharides via centrifugation without requiring ultrafiltration, diafiltration, 
and precipitation. Gel formation is observed in both cell-containing cultures 
(left) and cell-free supernatant (right). Polysaccharide gels have commercial 
applications as thickeners and texturizers in the food/beverage, consumer 
products, oil recovery, and pharmaceutical industries. Use of cyanobacterial 
polysaccharides may enable production of low-cost gels with novel physical 
and chemical properties.

Summary/Conclusion:
§Consortia of polysaccharide-producing bacteria can be cultivated 
to high density in salt water with no external nitrogen source across 
a wide range of growth temperatures from 15°C to 37°C.
§Large-scale recovery of purified polysaccharides is possible via 
10kD ultrafiltration, diafiltration, ethanol precipitation, and drying.
§Secreted polysaccharides are highly complex, containing roughly 
equivalent fractions of glucose, xylose, galactose, arabinose, and 
mannose, alongside a significant fraction of uncharacterized 
organics. 
§Polysaccharides in suspension are highly resistant to acid 
hydrolysis; H2SO4 concentrations above 0.5% are required to 
achieve complete hydrolysis.
§Polysaccharides in suspension spontaneously form gels following 
chemical modification of the aqueous phase. This property can be 
leveraged for direct recovery of polysaccharides from saline growth 
media, with no requirement for ultrafiltration, diafiltration, or ethanol 
precipitation.
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Polysaccharide recovered via tangential flow filtration and ethanol 
precipitation
Table 1: Total organic carbon (TOC) and chemical oxygen demand (COD) for biomass fractions 
during polysaccharide recovery. To recover pure polysaccharides, algae biomass was first 
removed via dead end centrifugation. The resulting supernatant was concentrated via tangential 
flow ultrafiltration across a 10kD Millipore Pellicon II membrane. Diafiltration with 10 volumes of 
deionized water was then used to desalt the growth medium, separating the high molecular 
weight polysaccharides from inorganic media components..

Table 2: Sugar content of purified polysaccharides after acid hydrolysis. Following purification via 
centrifugation and diafiltration, polysaccharides in suspension were hydrolyzed under acidic 
conditions for 1 hour at 120°C. Under the strongest acid hydrolysis conditions tested, the five 
monomers quantified via HPLC represented 36% of the total organic carbon present.

Fig. 3: Precipitation with 60% ethanol effectively removes polysaccharides from 
suspension, enabling recovery of pure polysaccharides in solid form following 
centrifugation and drying. 

Hydrolysis 
condition

Glu
(mg/L)

Xyl
(mg/L)

Gal 
(mg/L)

Ara
(mg/L)

Man 
(mg/L)

Total 
(mg/L)

TOC 
(mg/L)

TOC 
recovery

3% 
H2SO4

12.9 15.9 15.8 16.3 9.5 70.3 28.1 35.9%

1.5% 
H2SO4

12.9 20.7 8.7 19.5 6.4 68.3 27.3 34.9%

0.5% 
H2SO4

8.7 13.7 5 14.4 3.6 45.4 18.2 23.2%

Culture Fraction Total organic carbon 
(mg/L)

Chemical oxygen demand
(mg/L)

1 Initial culture 281 -

1 Supernatant 104 -

1 5x diafiltered concentrate 392 -

2 Initial culture - 1500

2 Supernatant - 770

2 25x diafiltered concentrate - 3100
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