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Extraction comparison of prymnesins from P. parvum UTEX-2797 (10 psu). P. parvum UTEX-2797 culture (10 mL, n = 3) was centrifuged (3440 × g; 10 mins). Cellular pellets were extracted with MeOH (1 mL) using probe sonication on ice (2 min; 2 s on, 3 s off; 40% amplitude; Qsonica, C.T., USA, Model Q500), followed by centrifugation (3440 × g, 10 min). P. parvum UTEX-2797 culture (1.5 mL, n = 3) was centrifuged (21 130 × g; 10 mins). Cellular pellets were extracted with MeOH (0.15 mL) and bath sonicated (20 min) followed by centrifugation (3440 × g, 10 min). P. parvum UTEX-2797 culture (20 mL) was filtered with GF/C (n = 4) or GF/F filters (n = 2) under gentle vacuum. Filters were extracted with MeOH (5 mL) and bath sonicated (20 min) followed by centrifugation (3440 × g, 10 min). Extracts were analyzed by LC–MS/MS and prymnesin peak areas were corrected to account for variation in culture amount and extraction vol
Figure S1. Corrected peak areas of PRM-1 and PRM-2 extracted from Prymnesium parvum UTEX-2797 (10 psu) using different harvesting and extraction protocols.

Acid hydrolysis of P. parvum UTEX-2797. P. parvum UTEX-2797 (10 psu) extract (100 µL) was mixed with 3 M HCl (5 µL). The solution was vortex-mixed and placed on a block heater at 50 °C for 120 min. The solution was removed, neutralized with 14 % NaH2PO4 (10 µL), and analyzed by LC–HRMS against a control extract.
LC–HRMS Analysis. An Agilent 1290 Infinity II LC equipped with a binary pump, temperature-controlled autosampler (10 °C) and column compartment (25 °C) (Agilent Technologies, Mississauga, ON, Canada) coupled to a Q Exactive HF Orbitrap mass spectrometer (ThermoFischer Scientific) with a heated electrospray ionization probe (HESI-II). Chromatographic separation was achieved using a Hypersil Gold C18 column (100 × 2.1 mm, 3 µm, ThermoFisher Scientific) using gradient elution with a mobile phase composed of 0.1 % formic acid in both H2O (A) and MeCN (B). The flow rate and injection volumes were 0.4 mL/min and 5 μL, respectively. The gradient used was: 0–10 min, 42–50 % B; 10–10.1 min, 50–99 % B; 10.1–12 min, 99 % B; followed by a 3 min re-equilibration at 42 % B. Full-scan acquisition was performed from m/z 800–1400 in positive mode. The spray voltage of the source was +4.5 kV, with a capillary temperature of 340 °C. The sheath and auxiliary gas were set at 40 and 10 (arbitrary units). The auxiliary gas heater temperature was set at 150 °C and the S-Lens RF level was set to 100. The mass resolution setting was 240 000 with an automatic gain control (AGC) target of 5 × 106 and a maximum injection time of 512 ms per scan.
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Figure S2. (A) Full-scan LC–HRMS chromatogram of P. parvum UTEX-2797 (10 psu) extract with a mass-range of m/z 1600–2300. (B) Full-scan LC–HRMS chromatogram of P. parvum UTEX-2797 after acid hydrolysis with 3 M HCl. (C) Full-scan mass spectrum of PRM-2 in the control sample at 5.74 min with [M+H]+ at m/z 1968.8010 (C96H137O35NCl3+). (D) Full-scan mass spectrum [M+H]+ of the major product from acid hydrolysis, PRM-A (3Cl) at 5.88 min with [M+H]+ at m/z 1836.7603 (C91H129O31NCl3+). The insets show expansions of the corresponding [M+H]+ regions of the mass spectra.
Acid hydrolysis of P. parvum UIO 054. P. parvum UIO 054 (160 μL) extract was combined with 1 M HCl (20 μL) and vortex mixed. After 20 h at ambient temperature, the sample was neutralized by adding MeOH (100 μL) and sodium carbonate (0.2 M, 50 μL), vortex-mixed, and analyzed with LC–MS.
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Figure S3. Left, full-scan extracted-ion LC–HRMS chromatograms of: A, P. parvum UIO 054 extract, with mass-ranges of m/z 827–850 + 1656–1663 (aglycone, red line) and m/z 894–908 + 1788–1795 (glycoside, black line), and of; (B) the extract after partial hydrolysis with 1 M HCl. Right, mass spectra extracted from the LC–HRMS chromatograms of: C, the glycoside at 4.66 min with [M+H]+ at m/z 1788.8198 (C90H131O33NCl+) in the unhydrolyzed sample, and; D, the aglycone at 4.77 min with [M+H]+ at m/z 1656.7814 (C85H123O29NCl+) in the hydrolysis sample, both with 2-range background subtraction to remove residual spectral peaks from neighboring chromatographic peaks. The insets show expansions of the corresponding [M+H]+ regions of the mass spectra.
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Figure S4. LC–MS peak area for PRM-1 from extracts of P. parvum UTEX-2797 (10 psu) with time when diluted with various solvents composed of 50 to 100 % MeOH and stored at ambient temperature.

10–100% MeOH solubility. P. parvum UTEX-2797 (10 psu) extracts (10 μL) was diluted in various ratios of MeOH–H2O (90 μL) to final solvent compositions of 10–100 % MeOH (n = 2). Samples were vortex-mixed and stored at ambient temperature in the dark for 72 h prior to analysis.

Figure S5. LC–MS peak areas of PRM-1 and PRM-2 from extracts of P. parvum UTEX-2797, 10 psu; 100 uL) relative to 100% MeOH in solvents composed of 10–100% MeOH following 3 days of storage at ambient temperature.


Figure S6. Overlaid LC–MS total-ion chromatograms of P. parvum UTEX-2797 extracts grown in 32 psu medium diluted to 9:1 v/v acetonitrile:extract (in MeOH) and centrifuged in a microcentrifuge tube (red) or spin filter (green). The residues in the tube (blue) and on the filter (orange) were dissolved with MeOH. All data were compared relative to a control in MeOH (gray).


Filter Extraction Comparison. A filter containing P. parvum UIO 054 cells was cut into four equal pieces. The first filter portion (A) was extracted with MeOH (5 mL). The second (B) was extracted with room temperature acetone (5 mL), followed by MeOH (5 mL). A third piece (C) was extracted with ice-cold acetone (5 mL), followed by MeOH (5 mL) and the fourth piece (D) was extracted with acetonitrile (5 mL), followed by MeOH (5 mL). All extractions were performed using a bath sonicator (1 min) and vacuum filtered.



Figure S7. Extracts of P. parvum UIO 054 following the filter extraction comparison. (A) Filter extracted with MeOH. (B) Filter extracted with acetone (ambient temperature), followed by MeOH. (C) Filter extracted with ice-cold acetone, followed by MeOH. (D) Filter extracted with acetonitrile, followed by MeOH.



Figure S8. Reaction kinetics of formation of the acetone imines of B-type prymnesins in 1:1 MeOH-acetone. Data is fitted to two-parameter first-order decay and rise-to-a maximum curves.


Hydrolysis of prymnesin imine derivatives. A P. parvum UIO 054 extract containing the acetone imine derivatives (50 µL) was mixed with 0.1 % formic acid in water (50 µL). The sample was analyzed by LC–HRMS to monitor the progress of the reaction.

Figure S9. Reaction kinetics for the hydrolysis of B-type prymnesin imine derivatives with the addition of acidified water. Data are fitted to 3-parameter exponential curves.


A-Type Prymnesin Imine Formation. P. parvum UTEX-2797 (10 psu) was mixed 1:1 with acetone (50 μL) in an amber vial, vortex-mixed and allowed to stand at ambient temperature overnight. The solution was compared with a control in MeOH and analyzed by LC–HRMS.

Figure S10. Full-scan extracted ion LCHRMS chromatogram of P. parvum UTEX-2797 (10 psu) in MeOH with mass-ranges of m/z 984–995 + 1131–1144 (PRM-2/PRM-1; black) and an extract of P. parvum UTEX-2797 in 1:1 MeOH-acetone with mass-ranges of m/z 1004–1015 + 1151–1164 (PRM-2 acetone imine/PRM-1 acetone imine; red), confirming that A-type prymnesins form imines with acetone. 

Figure S11. LC–MS total-ion chromatograms of the four dominant A-type prymnesins in extracts of P. parvum UTEX-2797 (32 psu) following SPE clean-up with the SepPak C18 resin eluted with MeOH and 80 % 2-PrOH, relative to a control prepared in MeOH. 



Figure S12. Recovery of A-type prymnesins in P. parvum UTEX-2797 (32 psu) from Supelco LC-C18 SPE cartridges eluted with MeOH or 80 % 2-PrOH (2 mL, no evaporation).


Figure S13. Recovery of PRM-2 from P. parvum UTEX-2797 (32 psu) extracts applied to Supelco C18 SPE cartridges and eluted with 0.5 mL increments of either 80% 2-PrOH or MeOH.



Table S1. Summary of observations when using different reversed-phase SPE cartridges for A-type prymnesin clean-up using P. parvum UTEX-2797 (32 psu) extracts.
	Cartridge
	Resin Information
	Pre-flush (EDTA)
	Elution Solvent
	Recovery
	Comments

	Supelco C18 
500 mg
	end-capped silica support
	No
	MeOH
	>85 % of all analogues
	Highest recoveries (85 %) eluting with either MeOH or 80 % 2-PrOH when not drying down fractions. 
No effect of prymnesin structure, degree of glycosylation or degree of chlorination.
No change in recovery with EDTA pre-rinse.

	
	
	No
	80 % 2-PrOH
	>85 % of all analogues
	

	
	
	Yes
	80 % 2-PrOH
	>85 % of all analogues
	

	Oasis HLB Cartridge 150mg
	polymeric support
	No
	MeOH
	Not assessed
	Elution with 80 % 2-PrOH resulted in 45 % recovery of all four prymnesins with the same protocol as used for the Supelco C18 SPE cartridge. 
Recovery was not improved when an EDTA rinse was performed prior to loading the extract.

	
	
	No
	80 % 2-PrOH
	~ 45 % recovery of all analogues
	

	
	
	Yes
	80 % 2-PrOH
	~ 45 % recovery of all analogues
	

	Strata X RP 
200mg
	polymeric support
	No
	MeOH
	Not assessed
	<1 % recovery when using the same protocol as the Supelco 18 SPE cartridge eluted with 80 % 2-PrOH.
Recovery increased to 20 % when EDTA rinse was performed prior to loading the extract.

	
	
	No
	80 % 2-PrOH
	<1 % recovery of all analogues
	

	
	
	Yes
	80 % 2-PrOH
	~ 20 % recovery of all analogues
	

	Seppak C18
130 mg
	silica support (not end-capped)
	No
	MeOH
	55 % of 2Cl analogues
10 % recovery of 3Cl analogues
	Selective elution of 2Cl prymnesins (PRM-A 2Cl pentose+hexose and PRM-A 2Cl +pentose) in MeOH. Improved elution of 3Cl prymnesins (PRM-1 and PRM-2) when eluting with 80 % 2-PrOH.  
No change in recovery with EDTA pre-rinse.

	
	
	No
	80 % 2-PrOH
	55 % recovery of all analogues
	

	
	
	Yes
	80 % 2-PrOH
	55 % recovery of all analogues
	



PRM-2	24248.711305964283	130000	32181.77538089946	36769.552621700474	24248.711305964283	130000	32181.77538089946	36769.552621700474	Centrifuge 3400 g
(10 mL;  probe sonication)	Centrifuge 21 130 g
(1.5 mL; bath sonication)	Filter GF/C 
(20 mL; bath sonication)	Filter GF/F 
(20 mL; bath sonication)	1464000	1250000	1081250	950000	PRM-1	26785.817142659656	25709.920264364882	10801.234497346433	9899.4949366116653	26785.817142659656	25709.920264364882	10801.234497346433	9899.4949366116653	Centrifuge 3400 g
(10 mL;  probe sonication)	Centrifuge 21 130 g
(1.5 mL; bath sonication)	Filter GF/C 
(20 mL; bath sonication)	Filter GF/F 
(20 mL; bath sonication)	584400	557000	507500	475000	Prym2 (-Cl)	4500.3703551300459	44117.267972227535	19568.256607747833	4242.6406871192848	4500.3703551300459	44117.267972227535	19568.256607747833	4242.6406871192848	Centrifuge 3400 g
(10 mL;  probe sonication)	Centrifuge 21 130 g
(1.5 mL; bath sonication)	Filter GF/C 
(20 mL; bath sonication)	Filter GF/F 
(20 mL; bath sonication)	351533.33333333331	382333.33333333331	318125	262500	
Corrected Peak Area (× 105)
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