Lipids from High-Protein Algae Biomass
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Biofuels from renewable and sustainable sources will be a critical component
of reducing greenhouse gasses. To this end, in achieving maximum biomass
productivity in outdoor ponds at a reasonable cost, algae must be grown at a
maximal rate. This current algae cultivation strategy results in high-protein
biomass because there is insufficient time for deplete-hold steps that increase
lipids but also cost. Thus, methods to convert high-protein need to be
developed for biofuels. The Combined Algae Processing (CAP) strategy has
previously shown utility on high-carbohydrate algae biomass and has now
been expanded to include methods aimed at converting the protein fraction to
lipids. After acid-pretr hydroly liquor is treated to
deaminate and convert soluble proteins and amino acids into four main
carboxylate acids; formic, acetic, succinic, and propionic. These acids are
readily and fe d into intre lipids using

yeast. Using a fed-batch fermentation strategy and no added nutrients, we
achieved nearly 30% intracellular lipids and 1.3 g/L lipids demonstrating the
potential of our expanded CAP process to generate additional lipids for
conversion to biofuels as part of an algae-focused biorefinery.

Reference: Hull, T., et. al. Tuning algal hydrolysate composition through wet
oxidation and ion exchange for fer ion by ol yeast.
Manuscript in preparation.

High-protein, open raceway grown Nannochloropsis salina biomass.

Pretreatment was performed in a 4 L (1 L working volume) batch ZipperClave
reactor. 300 g of wet algal paste was loaded into the reaction chamber along
with H,SO, and water to achieve a final solids loading of 20% (w/w) at an acid
concentration of 2.0% (w/w). Pretreatment was performed at 175° C for 15
minutes. Centrifugation was used to separate the solids.

Mild Oxidative Treatment was conducted in a Parr-4552 2-gallon reactor loaded
with 2.5 kg hydrolysate pressurized with 12 bar zero air at room temperature, to
give 35 bar total pressure at the reaction temperature. The reactor was heated
to 200 °C, held for 60 min, and cooled with an internal cooling coil carrying
chilled water. Heat up and cool down times were each approximately 1 h. When
cool, the reactor was depressurized and opened, and the contents were
pumped into a receiving vessel using a peristaltic pump.

Cation exchange was conducted by loading the post-MOT hydrolysate and ion
exchange resin (Amberlite IRC-120) in a vessel at a ratio of 3 mL of solution to
1 g resin. The slurry was stirred at room temperature with a magnetic stir bar for
30 minutes, after which the resin was filtered out of solution using Buchner
funnel vacuum filtration. Half of the ion-exchanged post-MOT hydrolysate (IX1)
underwent an additional ion exchange step following the same procedure (1X2).

< Ci ichosporon (ATCC 20509) was used to convert post-
MOT-IX liquors and was followed for cell growth and FAME production using
fermenters. Operating conditions were: 30 °C, 225 rpm, pH 6.5, 300 mL working
volume (1 L total volume). Inoculum cultures were grown aerobically at 30° C
at 225 rpm in shake flasks for 18 hours and used to inoculate the fermenter at a
starting OD 600 nm of 0.2.
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High-protein algae biomass was successfully demonstrated to be a
readily convertible material and expands upon the suite of algae
feedstocks suitable for conversion in CAP. After standard acid
pretreatment, an oxidative treatment was used to convert
proteins/amino acids/carbohydrates to a range of carboxylic acids for
further biological funneling to intracellular lipids. This treatment also
led to quantitative release of NH4 from the amino acids causing
ammonium toxicity and was removed to create a pure and easy to
recycle back to the pond N stream. Fermentation of the MOT-IX
material was initially rapid producing a large increase in intracellular
lipids. A fed-batch strategy was successful in further increasing lipid

titers though further concentration may be necessary to reach
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