Advanced Mass Balance Characterization and Fractionation of Algal Biomass Composition
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Supplemental Material

Alternative Cell Disruption and Extraction Methods
An ASE 200 system (Accelerated Solvent Extractor 200, Dionex, USA; now Thermo Fisher) was used to extract freeze dried biomass samples. Approximately 200 mg of biomass was accurately weighed and loaded onto a glass fiber filter in an 11 mL stainless-steel extraction cell. Another glass fiber filter was placed on top of the biomass and the remainder of the cell was filled with 3 mm glass beads. The loaded cells were then extracted with chloroform and methanol (1:1, v/v). Extraction conditions were as follows: 50 °C, 1,500 psi, 5 min heat time, 5 min solvent residence time, 100% flush volume, and 30 second purge time. Three consecutive extractions were carried out on each cell and the resulting extracts were combined. Each strain was run in triplicate. The resulting extracts were dried down in an automated evaporation system (TurboVap Classic LV, Biotage) under a stream of nitrogen and water bath temperature of 25 °C. The gravimetric extract weight was recorded after drying.

Sonication was carried out as described below in singlet for each strain. Approximately 200 mg of rehydrated biomass, lyophilized algae soaked in 5 mL of water overnight (~18 h) at 4 °C in an ice bath, was suspended in 10 mL of methanol in a Teflon tube. The tube was hand shaken for 1 min and then centrifuged at 9299 rcf, for 20 min at 4 °C. The water:methanol fraction was then removed into a pre-weighed glass vial. The residual biomass was then extracted two more times with 6 mL methanol and 6 mL chloroform added sequentially and hand shaken for at least one minute between solvent additions. For each extraction, the sample was allowed to sit for 10 min with the 1:1 (v/v) methanol:chloroform before being centrifuged at the above conditions. The methanol:chloroform extracts were removed after each centrifugation and combined in a pre-weighed glass vial. Finally, 6 mL of methanol and 6 mL of chloroform were added to the sample and it was allowed to sit for 15 min, vortexing every 3 minutes. After 15 min, the sample/solvent mixture was sonicated. The sonication was carried out using a QSONICA Q500 horn sonicator. The amplitude was set to 20%, and sonication was conducted for 20 min with 30 second intervals of sonication followed by 30 seconds of no sonication, a total sonication time of 10 minutes. Sonication experiments were conducted in an ice bath placed in a cold room to reduce thermal heating from cavitation and limit evaporation of solvent. The final methanol:chloroform extract was collected after centrifugation and combined with the previous 2 methanol:chloroform extracts. Both extracts (one for water:methanol and one for methanol:chloroform) were dried as described above for the ASE extracts and a gravimetric weight was recorded.

Bead beating was carried out as described below in singlet for each strain. Approximately 200 mg of lyophilized biomass was mechanically distrupted using a Biospec Mini-Beadbeater with 2.4 mm stainless steel beads at 4800 rpm. Around 10 beads per 200 mg of biomass were added and processed in 1-minute intervals with storage in an ice bath between rounds of bead-beating to limit heat buildup. The bead beat biomass was then rehydrated and extracted as described above for the sonicated sample, with the modification that for the third chloroform:methanol addition, the sample was not sonicated, and the resulting 3rd extract was combined with previous 2 extracts.
Several cell disruption and extraction methods (accelerated solvent extraction (ASE), sonication, and bead beating) were tested for their ability to fully extract lipids before the final method of bead beating and extraction was chosen for the final full-scale fractionation experiment.

Table S1. Gravimetric fraction yields for 3 algae species after application of cell disruption techniques and solvent extraction. All data expressed as a % of the oven dried biomass.
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Table S2. Lipid content, measured as FAME (fatty acid methyl ester), remaining in the residual biomass after the application of three cell disruption/extraction techniques. All data are expressed as  % of the FAME in the original biomass. 
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Species Treatment Water: Methanol Chloroform: Methanol Residual Biomass Sum of Fractions
Monoraphidium ASE* NA 19.5 86.2 105.7
Nannochloropsis ASE NA 29.7 71.8 101.5



Scenedesmus ASE NA 16.7 84.7 101.4
Monoraphidium Sonication 18.3 16.8 67.9 103
Nannochloropsis Sonication 18.2 19.2 66.3 103.7



Scenedesmus Sonication 13.6 9.3 76.2 99.1
Monoraphidium Bead beating 11.7 20.7 65.6 98
Nannochloropsis Bead beating 16.3 22.1 59.4 97.8



Scenedesmus Bead beating 10.2 11.3 76.1 97.6
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Species ASE Sonication Bead-Beating



Monoraphidium 31.3 3.7 1.9



Nannochloropsis 21.0 5.0 3.9



Scenedesmus 15.4 16.4 9.6
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