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Figure S1. Full-scan LC–HRMS spectra of MC-LHnv (25) in: A, positive ionization mode, and; B, negative ionization mode. The peaks 
are labelled with m/z, the assigned formula, and its mass error in ppm, as calculated by Xcalibur 4.0. The intensities and accurate 
m/z values of the first 5 peaks in each spectrum were used as input data for the NRC Molecular Formula Calculator, the results of 
which are shown in Figure S2.  
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Figure S2. Full-scan LC–HRMS spectra (black lines) of MC-LHnv (25) in: top, positive ionization mode, and; bottom, negative 
ionization mode. The intensities and accurate m/z values of the first 5 pseudomolecular ion isotopologue peaks in each spectrum 
were used as input data for the NRC Molecular Formula Calculator, which in both cases gave C48H71O13N7 as the only viable neutral 
elemental formula. The red and blue circles show the calculated m/z and intensities from the Calculator for this formula.  
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Figure S3. Left, LC–HRMS chromatograms of water filters from June 2015, after derivatization with 1:1 mercaptoethanol–d4-
mercaptoethanol, in positive (A) and negative (C) ionization modes, extracted at the exact masses shown. To the right are the 
corresponding full-scan mass spectra (B and D) for the peak (4.5–5 min) from the two [D-Asp3]MC-RR variants, showing the 
distinctive isotope separation obtained for the thiol-reactive Mdha7-derivative (3), and the lack of reaction of the Dhb7-derivative 
(4).  
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Figure S4. LC–HRMS chromatograms (extracted ion, positive mode) of a crayfish stomach extract from Oct 2016 showing the effects 
of cysteine derivatization and oxidation on MC-Hnv (25) and its diastereoisomeric cysteine conjugates (13 and 14). A, control extract, 
and; B, extract after derivatization with Cys, both extracted for [M+H]+ at m/z 954.5183 (25) and 1075.5380 (13 & 14), showing 
nearly complete conversion of MC-LHnv (25) to its Cys conjugates (13 and 14). C, control extract, and; extract after oxidation with 
DMSO/Oxone, both extracted for [M+H]+ at m/z 954.5183 (25), 1075.5380 (13 and 14), and 1091.5329 (sulfoxides of 13 and 14), 
showing complete oxidation of the Cys conjugates (13 and 14) to the corresponding sulfoxides.  
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Figure S5. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015. 
  



S8 
Supporting Information 

 

Figure S6. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 80–220. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions. 
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Figure S7. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 165–360. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 16 and 27 (86.0481), and red 
dashed lines indicate product-ions that do not change. 
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Figure S8. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 310–440. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 16 and 27 (86.0481), and red 
dashed lines indicate product-ions that do not change.  
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Figure S9. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 350–600. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 16 and 27 (86.0481), and red 
dashed lines indicate product-ions that do not change.  
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Figure S10. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 500–700. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 16 and 27 (86.0481), and red 
dashed lines indicate product-ions that do not change.  
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Figure S11. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LCit (16) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 630–1000. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 16 and 27 (86.0481), and red 
dashed lines indicate product-ions that do not change. The red arrow indicates neutral loss from the Adda terminus the precursor-
ion, and the orange arrows indicate neutral losses of CHNO from the terminus of the citrulline residue.  



S14 
Supporting Information 

 

Figure S12. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LHnv (25) from a crayfish stomach extract from September 
2015.  
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Figure S13. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LHnv (25), from a crayfish stomach extract from September 
2015, showing an expansion from m/z 80–170. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions.  
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Figure S14. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LHnv (25), from a crayfish stomach extract from September 
2015, showing an expansion from m/z 165–360. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 25 and 27 (44.0263), and red 
dashed lines indicate product-ions that do not change. The orange arrow indicates neutral loss of water from the Hnv side-chain.  
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Figure S15. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LHnv (25), from a crayfish stomach extract from September 
2015, showing an expansion from m/z 365–590. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 25 and 27 (44.0263), and red 
dashed lines indicate product-ions that do not change.  
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Figure S16. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LHnv (25), from a crayfish stomach extract from September 
2015, showing an expansion from m/z 585–965. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 25 and 27 (44.0263), and red 
dashed lines indicate product-ions that do not change. The red arrow indicates neutral loss of the Adda terminus. Note also the 
enhanced relative intensity of m/z 802.4321 in 25 ([M+H−C9H10O−H2O]+ indicative of facile neutral loss of water.  
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Figure S17. LC–HRMS/MS spectra from a crayfish stomach extract from Oct 2016 of, from top to bottom, [M+H]+ of: MC-Hnv (25); 
the major natural cysteine conjugate of MC-LHnv, i.e. [Mlan7]MC-LHnv (14); semisynthetic 14 from treatment of the extract with 
Cys, and; the sulfoxide of 14 from treatment of the extract with DMSO/Oxone (see Figure S4). Note the prominent Cys-related 
neutral losses in the sulfoxide derivative.
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Figure S18. Full-scan LC–HRMS extracted-ion chromatograms of [M+H]+ from a crayfish 
stomach extract from September 2015 of: A, MC-LHnv (25) at m/z 954.5183, and; B, 
demethylMC-LHnv at m/z 940.5026, showing peaks for [DMAdda5]MC-LHnv (15), [D-Asp3]MC-
LHnv (17), dmMC-LHnv (19), [Dha7]MC-LHnv (21), and dmMC-LHnv (24). Panels C–H show 
chromatograms extracted at different m/z values from the corresponding PRM of m/z 940.5 to 
provide an indication of the possible site of demethylation (see also Table S2). To the right are 
shown PRM spectra obtained from the peaks corresponding to the variants indicated in the 
PRM chromatogram (marked with red dashed lines).
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Figure S19. LC–HRMS/MS spectra of: top, MC-LHnv (25), and; bottom, [Mser7]MC-LHnv (18) from a crayfish stomach extract from 
September 2015. Purple numbers indicate the amino acid residue numbers attributed to selected product-ions, blue dashed lined 
indicate product-ions that shift by the difference in exact masses of 25 and 18 (18.0106), and red dashed lines indicate product-ions 
that do not change.  
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Figure S20. LC–HRMS/MS spectra of: top, MC-LHnv (25), and; bottom, MC-HilHnv (26) from a crayfish stomach extract from 
September 2015.  
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Figure S21. LC–HRMS/MS spectra of: top, MC-LHnv (25), and; bottom, MC-HilHnv (26) from a crayfish stomach extract from 
September 2015, showing an expansion from m/z 70–300. Purple numbers indicate the amino acid residue numbers attributed to 
selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 25 and 26 (14.0157), 
and red dashed lines indicate product-ions that do not change.  
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Figure S22. LC–HRMS/MS spectra of: top, MC-LHnv (25), and; bottom, MC-HilHnv (26) from a crayfish stomach extract from 
September 2015, showing an expansion from m/z 300–590. Purple numbers indicate the amino acid residue numbers attributed to 
selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 25 and 26 (14.0157), 
and red dashed lines indicate product-ions that do not change.  
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Figure S23. LC–HRMS/MS spectra of: top, MC-LHnv (25), and; bottom, MC-HilHnv (26) from a crayfish stomach extract from 
September 2015, showing an expansion from m/z 580–970. Purple numbers indicate the amino acid residue numbers attributed to 
selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 25 and 26 (14.0157), 
and red dashed lines indicate product-ions that do not change. The red arrow indicates neutral loss of the Adda terminus.  
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Figure S24. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LNao (22) from a crayfish stomach extract from September 
2015.  
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Figure S25. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LNao (22) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 100–420. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 22 (85.0528), and red 
dashed lines indicate product-ions that do not change.  
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Figure S26. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LNao (22) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 380–600. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 22 (85.0528), and red 
dashed lines indicate product-ions that do not change.  
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Figure S27. LC–HRMS/MS spectra of: top, MC-LA (27), and; bottom, MC-LNao (22) from a crayfish stomach extract from September 
2015, showing an expansion from m/z 100–420. Purple numbers indicate the amino acid residue numbers attributed to selected 
product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 22 (85.0528), and red 
dashed lines indicate product-ions that do not change. The red arrow indicates neutral loss of the Adda terminus.  
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Figure S28. LC–HRMS/MS spectra of: top, MC-LA (27); middle, MC-LM (30), and; bottom, MC-LM(O) (20) from a crayfish stomach 
extract from September 2015.  
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Figure S29. LC–HRMS/MS spectra of: top, MC-LA (27); middle, MC-LM (30), and; bottom, MC-LM(O) (20) from a crayfish stomach 
extract from September 2015, showing an expansion from m/z 80–250. Purple numbers indicate the amino acid residue numbers 
attributed to selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 30 
(60.0034), or between 30 and 20 (15.9949), and red dashed lines indicate product-ions that do not change.  
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Figure S30. LC–HRMS/MS spectra of: top, MC-LA (27); middle, MC-LM (30), and; bottom, MC-LM(O) (20) from a crayfish stomach 
extract from September 2015, showing an expansion from m/z 200–320. Purple numbers indicate the amino acid residue numbers 
attributed to selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 30 
(60.0034), or between 30 and 20 (15.9949), and red dashed lines indicate product-ions that do not change.  
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Figure 
S31. LC–HRMS/MS spectra of: top, MC-LA (27); middle, MC-LM (30), and; bottom, MC-LM(O) (20) from a crayfish stomach extract 
from September 2015, showing an expansion from m/z 300–590. Purple numbers indicate the amino acid residue numbers 
attributed to selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 30 
(60.0034), or between 30 and 20 (15.9949), and red dashed lines indicate product-ions that do not change.  
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Figure S32. LC–HRMS/MS spectra of: top, MC-LA (27); middle, MC-LM (30), and; bottom, MC-LM(O) (20) from a crayfish stomach 
extract from September 2015, showing an expansion from m/z 600–990. Purple numbers indicate the amino acid residue numbers 
attributed to selected product-ions, blue dashed lined indicate product-ions that shift by the difference in exact masses of 27 and 30 
(60.0034), or between 30 and 20 (15.9949), and red dashed lines indicate product-ions that do not change. The red arrow indicates 
neutral loss of the Adda terminus, and the orange is neutral loss of CH3SOH from the terminal methyl sulfoxide of 30.  
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Figure S33. Analysis of water from L. Steinsfjorden in 2015 by Adda-ELISA (data from Figure 2), and relative amounts of total MCs 
determined by LC–HRMS (sum of concentrations of 3–5, 8–12, and 36–37) (see also Figure 5, but note that the chromatograms 
necessarily do not take account of the relative response factors used to correct peak areas of the di-, mono-, and non-arginated MC 
variants) on filters (22 per sample) from filtration of lakewater at 1 m intervals. The filters were collected for microscopic analysis 
and stored frozen, but all filters from each sampling were subsequently extracted non-exhaustively and analyzed by LC–HRMS to 
assess the MC profile in the water. The LC–HRMS results are therefore not quantitative in terms of absolute concentrations of MCs, 
but are indicative of the approximate relative concentrations of MCs present at the sampling dates.  
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Figure 34. LC–HRMS (positive) extracted ion ([M+H]+ or [M+2H]2+) chromatograms of lake water from October 2016: A, without, and; 
B, with mercaptoethanol derivatization. Both chromatograms are at the same vertical scale (2 × 105). Thiol-derivatives are shown 
with dashed lines (sum of the labelled and unlabelled pseudomolecular ions), while native microcystins are shown with solid lines. 
Line colours denote: black, desmethylMC-RR (3, 4, 36); red, desmethylMC-LR (9–11); brown, desmethylMC-HtyR (8, 37, 38); green, 
MC-RR (5), and; blue, MC-LR (12).  
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Figure S35. LC–HRMS extracted ion chromatograms (positive mode, for all MC ions in Table 1) of extracts of crayfish stomachs with 
the highest concentrations of MCs by multihapten ELISA, and water-filters, from July 2015. A–E, crayfish stomachs, and; F, MCs 
detected in the water at the time of harvest. Major MCs are indicated with compound-numbers from Table 1 and Figure 1. 
Chromatograms of extracts of crayfish stomach contents are normalised to the individual with the maximum intensity in each 
month, and so are indicative of the relative concentrations MCs in each of the six individuals. Blue and red dashed lines show 
retention times of MCs present at significant levels primarily in the water, or in the crayfish, respectively.  
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Figure S36. LC–HRMS extracted ion chromatograms (positive mode, for all MC ions in Table 1) of extracts of crayfish stomachs with 
the highest concentrations of MCs by multihapten ELISA, and water-filters, from August 2015. A–F, crayfish stomachs, and; G, MCs 
detected in the water at the time of harvest. Major MCs are indicated with compound-numbers from Table 1 and Figure 1. 
Chromatograms of extracts of crayfish stomach contents are normalised to the individual with the maximum intensity in each 
month, and so are indicative of the relative concentrations MCs in each of the six individuals. Blue and red dashed lines show 
retention times of MCs present at significant levels primarily in the water, or in the crayfish, respectively.  
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Figure S37. LC–HRMS extracted ion chromatograms (positive mode, for all MC ions in Table 1) of extracts of crayfish stomachs with 
the highest concentrations of MCs by multihapten ELISA, and water-filters, from October 2015. A–F, crayfish stomachs. No sample of 
the water was available for this harvest time. Major MCs are indicated with compound-numbers from Table 1 and Figure 1. 
Chromatograms of extracts of crayfish stomach contents are normalised to the individual with the maximum intensity in each 
month, and so are indicative of the relative concentrations MCs in each of the six individuals. Blue and red dashed lines show 
retention times of MCs associated primarily with the water (in other samples), or in the crayfish, respectively.
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Figure S38. Total concentrations of MCs in 14 of the 15 most contaminated crayfish stomach 
extracts by LC–HRMS versus the multi-hapten ELISA (sample S9-K07S-S9 (Table S3) excluded as 
an outlier). Top, sum of all MCs detected; middle, sum of previously reported MCs (1–12 and 
27–38), and; bottom, sum of MC-RR (5), MC-LR (12), MC-YR, and MC-LA (27) (and their isomers) 
that are often considered the “common” MCs and are most commonly analyzed for by LC–
MS/MS. The lines are linear least-squares fitted to the three subsets of data (equations shown 
in the legends). Insets show expansions for samples containing less than 400 ng/mL total MCs 
by ELISA. Symbols are colored by month (see legend).
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Exact Exact
Formula m/z m/z Δ (ppm) S58 S97 S9 May 15 Jun 15 Jul 15 Aug 15 Sep 15 Oct 16 m/z m/z Δ (ppm)

1 Known [Asp3,Mlan7]MC-RR 3.65 No No Yes C51H82O14N14S++ 573.2922 573.2926 0.7 Yes No No No No No No No No Semisynthetic 1143.5626 ND N/A
2 Known [Asp3,Mlan7]MC-RR 4.11 No No Yes C51H82O14N14S++ 573.2922 573.2919 -0.7 Yes No No No No No No No No Semisynthetic 1143.5626 1143.5661 3.0
3 Known [Asp3]MC-RR 4.63 Yes No Yes C48H75O12N13++ 512.7824 512.7816 -1.5 Yes No No Yes Yes Yes Yes Yes Yes Yes 1022.5429 1022.5465 3.5
4 Known [Asp3,Dhb7]MC-RR 4.70 No No Yes C48H75O12N13++ 512.7824 512.7826 0.5 Yes No No Yes Yes Yes Yes Yes Yes Yes 1022.5429 1022.5451 2.2
5 Known MC-RR 4.72 Yes No No C49H77O12N13++ 519.7902 519.7898 -0.7 No No No No No No No No Yes Yes 1036.5585 1036.5618 2.4
6 Known [DMAdda5]MC-LR 6.11 Yes No Yes C48H73O12N10+ 981.5404 981.5385 -2.0 No Yes Yes No No No No No No No 979.5258 979.5300 4.3
7 Known [Mlan7]MC-LR 6.44 No Yes No C52H83O14N11S++ 558.7915 558.7904 -2.1 No Yes Yes No No No No No No Semisynthetic 1114.5612 1114.5652 3.6
8 Known [Asp3,Dhb7]MC-HtyR 7.15 No No No C52H73O13N10+ 1045.5353 1043.5359 0.6 No No No No Yes Yes No No Yes No 1043.5207 1043.5224 1.6
9 Known [Asp3,Dhb7]MC-LR 7.26 No No Yes C48H73O12N10+ 981.5404 981.5428 2.5 Yes No No Yes Yes Yes No No Yes No 979.5258 979.5277 1.9

10 Known [Asp3]MC-LR 7.19 Yes No Yes C48H73O12N10+ 981.5404 981.5409 0.5 Yes Yes Yes No Yes No No No Yes Yes 979.5258 979.5292 3.4
11 Known [Dha7]MC-LR 7.41 Yes No Yes C48H73O12N10+ 981.5404 981.5375 -3.0 No Yes Yes No No No No No Yes Yes 979.5258 979.5293 3.5
12 Known MC-LR 7.41 Yes No Yes C49H75O12N10+ 995.5560 995.5549 -1.1 No Yes Yes No No No No No Yes Yes 993.5415 993.5442 2.7
13 New [Mlan7]MC-LHnv 9.85 No Yes Yes C51H79O15N8S+ 1075.5380 1075.5383 0.3 No Yes No No No No No No No Semisynthetic 1073.5235 1073.5256 2.0
14 New [Mlan7]MC-LHnv 10.15 No Yes Yes C51H79O15N8S+ 1075.5380 1075.5387 0.7 No Yes Yes No No No No No No Semisynthetic 1073.5235 1073.5258 2.1
15 New [DMAdda5]MC-LHnv 10.97 Yes No Yes C47H70N7O13+ 940.5026 940.5034 0.8 No Yes Yes No No No No No No No 938.4881 938.4909 3.0
16 New MC-LCit 12.22 Yes No Yes C49H73N9O13+ 996.5401 996.5377 -2.4 No Yes Yes No No No No No No No 994.5255 994.5278 2.3
17 New [Asp3]MC-LHnv 12.28 Yes No Yes C47H70N7O13+ 940.5026 940.5001 -2.7 No Yes Yes No No No No No No No 938.4881 938.4909 3.0
18 New [Mser7]MC-LHnv 12.48 No No Yes C48H74N7O14+ 972.5288 972.5290 0.2 No Yes Yes No No No No No No No 970.5143 970.5163 2.1
19 New dmMC-LHnv 12.60 Yes No Yes C47H70N7O13+ 940.5026 940.5022 -0.4 No Yes Yes No No No No No No No 938.4881 938.4912 3.4
20 New MC-LM(O)* 12.70 Yes No Yes C48H72N7O13S+ 986.4903 986.4895 -0.8 No Yes Yes No No No No No No Semisynthetic 984.4758 984.4777 2.0
21 New [Dha7]MC-LHnv 12.85 Yes No Yes C47H70N7O13+ 940.5026 940.5015 -1.2 No Yes Yes No No No No No No No 938.4881 938.4903 2.4
22 New MC-LNao 13.00 Yes No Yes C50H75O13N8+ 995.5448 995.5428 -2.0 No Yes Yes No No No No No No No 993.5303 993.5325 2.3
23 New [Glu(OMe)6]MC-LHnv 13.08 Yes No Yes C49H74O13N7+ 968.5339 968.5339 0.0 No Yes No No No No No No No No 966.5194 966.5215 2.3
24 New dmMC-LHnv 13.30 Yes No Yes C47H70N7O13+ 940.5026 940.5013 -1.4 No Yes Yes No No No No No No No 938.4881 938.4896 1.7
25 New MC-LHnv 13.34 Yes No Yes C48H72N7O13+ 954.5183 954.5172 -1.2 Yes Yes Yes No No No No No No No 952.5037 952.5046 0.9
26 New MC-HilHnv 13.76 Yes No No C49H74O13N7+ 968.5339 968.5352 -1.0 No Yes Yes No No No No No No No 966.5194 966.5215 2.2
27 Known MC-LA 14.80 Yes No Yes C46H68O12N7+ 910.4920 910.4916 -0.5 No Yes Yes No No No No No No Yes 908.4775 908.4798 2.6
28 Known MC-LY 15.12 Yes No No C52H72O13N7+ 1002.5183 1002.5175 -0.7 No Yes Yes No No No No No No Yes 1000.5037 1000.5053 1.6
29 Known MC-LAbu 16.00 Yes No Yes C47H70O12N7+ 924.5077 924.5065 -1.3 No Yes Yes No No No No No No Sample 922.4931 922.4947 1.7
30 Known MC-LM* 16.60 Yes Yes Yes C48H72O12N7S+ 970.4954 970.4943 -1.2 No Yes Yes No No No No No No No 968.4809 968.4832 3.6
31 Known MC-LW 16.97 Yes No Yes C54H73O12N8+ 1025.5342 1025.5326 -1.6 No Yes Yes No No No No No No Yes 1023.5197 1023.5218 3.1
32 Known MC-LV 16.97 Yes No Yes C48H72O12N7+ 938.5233 938.5214 -2.1 No Yes Yes No No No No No No Sample 936.5088 936.5110 2.3
33 Known MC-LF 17.54 Yes No Yes C52H72N7O12+ 986.5233 986.5221 -1.3 No Yes Yes No No No No No No Yes 984.5088 984.5109 2.1
34 Known MC-LL 17.83 Yes No Yes C49H74O12N7+ 952.5390 952.5376 -1.5 No Yes Yes No No No No No No Sample 950.5244 950.5268 2.5
35 Known isoMC-LL 17.96 Yes No Yes C49H74O12N7+ 952.5390 952.5379 -1.2 No Yes Yes No No No No No No Sample 950.5244 950.5267 2.3
36 Known [Dha7]MC-RR – Yes No No C48H75O12N13++ 512.7824 – – No No No No No No No No Yes No 1022.5429 – –
37 Known [Asp3]MC-HtyR – Yes No No C52H73O13N10+ 1045.5353 – – No No No No No No No No Yes No 1043.5208 – –
38 Known [Dha7]MC-HtyR – Yes No No C52H73O13N10+ 1045.5353 – – No No No No No No No No Yes No 1043.5208 – –

Table S1. Full version of Table 1, including negative iononization data

Thiol 
reactive

Sulfide 
oxidation

Reported 
previously#

Microcystin 
(tentative in red)

Reactivity
RT 

(min)

Positive mode Negative mode
Accurate Accurate

Present in samples/stds
Crayfish (Aug)

*Sulfide 30 was quantitatively converted to to its sulfoxide derivative (20) by brief treatment with sodium periodate. 

Water and filters Standards & 
samples

Positive 
MS/MS 

data
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1 2 3 4 5 6 7 m/z Formula m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z m/z Δm/z
84.0444 C4H6NO+ 84.0443 -0.0001 84.0444 0.0000 84.0443 -0.0001 84.0443 -0.0001 ND ND ND ND ND ND ND ND ND 205.0640 121.0196
86.0964 C5H12N+ 86.0964 0.0000 86.0963 -0.0001 86.0963 -0.0001 86.0963 -0.0001 86.0964 0.0000 86.0963 -0.0001 ND 100.1121 14.0157 ND 86.0963 -0.0001 86.0962 -0.0002 86.0967 0.0003 86.0965 0.0002 86.0964 0.0000

103.0542 C8H7+ 103.0541 -0.0001 103.0544 0.0002 103.0541 -0.0001 103.0541 -0.0001 ND ND ND ND ND 103.6017 0.5475 ND ND ND -103.0542
107.0855 C8H11+ 107.0854 -0.0001 107.0854 -0.0001 107.0854 -0.0001 107.0854 -0.0001 107.0856 0.0001 107.0855 0.0000 ND 107.0854 -0.0001 ND 107.0856 0.0001 107.0854 -0.0001 ND 107.0855 0.0001 107.0854 -0.0001
127.0866 C6H11N2O+ 127.0865 -0.0001 127.0865 -0.0001 127.0864 -0.0002 127.0864 -0.0002 127.0868 0.0002 ND ND ND ND 127.0860 -0.0006 127.0865 -0.0001 ND ND -127.0866
135.0804 C9H11O+ 135.0803 -0.0001 135.0802 -0.0002 135.0803 -0.0001 135.0803 -0.0001 135.0806 0.0002 135.0804 0.0000 135.0802 -0.0002 135.0805 0.0001 ND 135.0803 -0.0001 135.0803 -0.0001 135.0801 -0.0003 135.0806 0.0003 135.0803 -0.0001
135.1168 C10H15+ 135.1166 -0.0002 135.1166 -0.0002 135.1167 -0.0001 135.1167 -0.0001 135.1171 0.0003 ND ND 135.1168 0.0000 ND 135.1164 -0.0004 135.1169 0.0001 ND 135.1168 0.0000 135.1167 -0.0001
155.0815 C7H11N2O2+ 155.0813 -0.0002 155.0812 -0.0003 155.0813 -0.0002 155.0813 -0.0002 155.0819 0.0004 155.0820 0.0005 ND 155.0811 -0.0004 ND 155.0816 0.0001 155.0815 0.0000 ND 155.0809 -0.0006 276.0983 121.0168
163.1117 C11H15O+ 163.1115 -0.0002 163.1116 -0.0001 163.1116 -0.0001 163.1116 -0.0001 163.1119 0.0002 163.1118 0.0001 163.1114 -0.0003 163.1119 0.0002 163.1120 0.0003 163.1115 -0.0002 163.1116 -0.0001 163.1117 0.0000 163.1120 0.0003 163.1116 -0.0001
173.0921 C7H13N2O3+ 173.0919 -0.0002 259.1396 86.0475 217.1181 44.0260 259.1285 86.0364 233.0952 60.0031 249.0903 75.9982 258.1453 85.0532 ND ND 215.1389 42.0468 201.1232 28.0311 ND ND 217.1185 44.0264
195.0764 C9H11N2O3+ 195.0763 -0.0001 195.0760 -0.0004 195.0763 -0.0001 195.0762 -0.0002 195.0768 0.0004 195.0763 -0.0001 195.0763 -0.0001 195.0764 0.0000 ND 195.0762 -0.0002 195.0765 0.0001 195.0768 0.0004 209.0922 14.0158 316.0956 121.0192
201.0870 C8H13N2O4+ 201.0868 -0.0002 287.1348 86.0478 245.1129 44.0259 287.1232 86.0362 261.0899 60.0029 277.0856 75.9986 286.1392 85.0522 245.1133 44.0263 245.1127 243.1335 42.0465 229.1180 28.0310 ND 245.1133 44.0263 245.1129 44.0259
213.0870 C9H13N2O4+ 213.0868 -0.0002 213.0866 -0.0004 213.0868 -0.0002 213.0867 -0.0003 213.0870 0.0000 213.0868 -0.0002 213.0864 -0.0006 213.0870 0.0000 ND 213.0872 0.0002 213.0864 -0.0006 213.0865 -0.0005 227.1028 14.0158 334.1061 121.0191
218.1135 C8H16N3O4+ 218.1133 -0.0002 304.1610 86.0475 262.1394 44.0259 304.1498 86.0363 278.1169 60.0034 294.1119 75.9984 303.1659 85.0524 262.1399 44.0264 262.1388 44.0253 260.1601 42.0466 246.1451 28.0316 232.1286 14.0151 262.1392 44.0257 262.1393 44.0258
258.1852 C17H24NO+ 258.1848 -0.0004 258.1846 -0.0006 258.1849 -0.0003 258.1849 -0.0003 258.1850 -0.0002 258.1852 0.0000 258.1849 -0.0003 258.1855 0.0003 258.1841 -0.0011 258.1858 0.0006 258.1847 -0.0005 258.1852 0.0000 258.1840 -0.0012 258.1848 -0.0004
265.1587 C19H21O+ 265.1581 -0.0006 265.1583 -0.0004 265.1583 -0.0004 265.1583 -0.0004 265.1584 -0.0003 265.1589 0.0002 265.1581 -0.0006 265.1583 -0.0004 265.1569 -0.0018 265.1575 -0.0012 265.1586 -0.0001 265.1573 -0.0014 265.1586 -0.0001 265.1583 -0.0004
292.1543 C16H22NO4+ 292.1538 -0.0005 292.1531 -0.0012 292.1537 -0.0006 292.1538 -0.0005 292.1548 0.0005 292.1556 0.0013 292.1539 -0.0004 292.1534 -0.0009 ND 292.1554 0.0011 292.1543 0.0000 ND 306.1692 14.0149 292.1537 -0.0006
314.1710 C14H24N3O5+ 314.1705 -0.0005 400.2188 86.0478 358.1960 44.0250 400.2072 86.0362 374.1746 60.0036 390.1687 75.9977 399.2235 85.0525 372.2126 58.0416 358.1960 44.0250 356.2181 42.0471 342.2020 28.0310 328.1868 14.0158 358.1963 44.0253 358.1967 44.0257
331.1976 C14H27N4O5+ 331.1970 -0.0006 417.2445 86.0469 375.2230 44.0254 417.2336 86.0360 391.2009 60.0033 407.1959 75.9983 416.2486 85.0510 389.2391 58.0415 375.2256 44.0280 373.2441 42.0465 359.2284 28.0308 345.2131 14.0155 375.2239 44.0263 375.2232 44.0256
375.1914 C20H27N2O5+ 375.1906 -0.0008 375.1911 -0.0003 375.1908 -0.0006 375.1909 -0.0005 375.1915 0.0001 375.1906 -0.0008 375.1901 -0.0013 375.1910 -0.0004 393.2014 18.0100 375.1905 -0.0009 375.1909 -0.0005 375.1908 -0.0006 389.2067 14.0153 496.2104 121.0190
385.2082 C17H29N4O6+ 385.2073 -0.0009 471.2558 86.0476 429.2338 44.0256 471.2444 86.0362 445.2113 60.0031 461.2062 75.9980 470.2602 85.0520 443.2501 58.0419 ND 427.2554 42.0472 413.2388 28.0306 399.2232 14.0150 429.2345 44.0263 429.2338 44.0256
397.2082 C18H29N4O6+ 397.2075 -0.0007 397.2077 -0.0005 397.2075 -0.0007 397.2075 -0.0007 397.2082 0.0000 397.2090 0.0008 397.2058 -0.0024 411.2229 14.0147 ND 397.2072 -0.0010 397.2072 -0.0010 397.2079 -0.0003 397.2072 -0.0010 518.2274 121.0192
402.2347 C17H32N5O6+ 402.2342 -0.0005 488.2821 86.0474 446.2602 44.0255 488.2708 86.0361 462.2382 60.0035 478.2331 75.9984 487.2868 85.0521 460.2770 58.0423 446.2579 44.0232 444.2810 42.0463 430.2659 28.0312 416.2500 14.0153 ND 446.2602 44.0255
446.2286 C23H32N3O6+ 446.2276 -0.0010 446.2274 -0.0012 446.2279 -0.0007 446.2279 -0.0007 446.2285 -0.0001 446.2279 -0.0007 446.2279 -0.0007 446.2284 -0.0002 ND 446.2265 -0.0021 446.2278 -0.0008 446.2284 -0.0002 460.2437 14.0151 567.2479 121.0193
468.2453 C21H34N5O7+ 468.2443 -0.0010 554.2916 86.0463 512.2709 44.0256 554.2813 86.0360 528.2494 60.0041 544.2432 75.9979 553.2969 85.0516 526.2878 58.0425 530.2817 62.0364 510.2928 42.0475 496.2765 28.0312 482.2600 14.0147 512.2717 44.0264 633.2902 165.0449
485.2718 C21H37N6O7+ 485.2708 -0.0010 571.3186 86.0468 529.2972 44.0254 571.3078 86.0360 545.2760 60.0042 561.2691 75.9973 570.3237 85.0519 543.3139 58.0421 547.3081 62.0363 527.3158 42.0440 513.3026 28.0308 499.2861 14.0143 529.2993 44.0275 650.3167 165.0449
509.2646 C29H37N2O6+ 509.2637 -0.0009 509.2647 0.0001 509.2639 -0.0007 509.2640 -0.0006 509.2650 0.0004 509.2647 0.0001 509.2639 -0.0007 509.2649 0.0003 527.2754 18.0108 509.2531 -0.0115 509.2639 -0.0007 509.2637 -0.0009 523.2814 14.0168 630.2834 121.0188
559.3126 C29H43N4O7+ 559.3117 -0.0009 559.3119 -0.0007 559.3118 -0.0008 559.3119 -0.0007 559.3120 -0.0006 559.3123 -0.0003 559.3116 -0.0010 573.3288 14.0162 577.3240 18.0114 559.3112 -0.0014 559.3118 -0.0008 559.3112 -0.0014 573.3286 14.0160 680.3313 121.0187
580.3017 C32H42N3O7+ 580.3008 -0.0009 580.2996 -0.0021 580.3008 -0.0009 580.3008 -0.0009 580.3030 0.0013 580.3005 -0.0012 580.3000 -0.0017 580.3023 0.0006 580.3025 0.0008 580.2996 -0.0021 580.3007 -0.0010 580.2997 -0.0020 594.3177 14.0160 701.3205 121.0188
597.2879 C26H41N6O10+ 597.2872 -0.0007 683.3343 86.0464 641.3131 44.0252 683.3237 86.0358 657.2895 60.0016 673.2864 75.9985 682.3380 85.0501 655.3292 58.0413 659.3218 62.0339 639.3292 42.0413 625.3199 28.0320 611.3037 14.0158 655.3332 58.0453 762.3330 165.0451
693.3858 C38H53O8N4+ 693.3854 -0.0004 693.3839 -0.0019 693.3847 -0.0011 693.3848 -0.0010 693.3861 0.0003 693.3848 -0.0010 693.3846 -0.0012 707.4022 14.0164 711.3939 18.0081 693.3804 -0.0054 693.3863 0.0005 693.3828 -0.0030 707.4026 14.0168 814.4046 121.0188
758.4083 C37H56N7O10+ 758.4076 -0.0007 844.4561 86.0478 802.4336 44.0253 844.4442 86.0359 818.4108 60.0025 834.4068 75.9985 843.4608 85.0525 816.4500 58.0417 820.4444 62.0361 800.4498 42.0415 786.4373 28.0290 772.4233 14.0150 816.4524 58.0441 923.4532 165.0449
759.3923 C37H55N6O11+ 759.3917 -0.0006 845.4383 86.0460 803.4175 44.0252 845.4279 86.0356 819.3946 60.0023 835.3899 75.9976 844.4432 85.0509 817.4326 58.0403 821.4279 62.0356 801.4411 42.0488 787.4216 28.0293 773.4045 14.0122 817.4347 58.0424 924.4373 165.0450
776.4189 C37H58N7O11+ 776.4187 -0.0002 862.4647 86.0458 820.4441 44.0252 862.4547 86.0358 836.4225 60.0036 852.4173 75.9984 861.4722 85.0533 834.4595 58.0406 838.4540 62.0351 818.4705 42.0516 804.4457 28.0268 790.4335 14.0146 834.4646 58.0457 941.4639 165.0450
892.4815 C46H66N7O11+ 892.4803 -0.0012 978.5268 86.0453 936.5068 44.0253 978.5172 86.0357 952.4836 60.0021 968.4805 75.9990 977.5354 85.0539 950.5177 58.0362 954.5133 62.0318 934.5294 42.0479 920.5073 28.0258 906.5025 14.0210 950.5271 58.0456 1057.5265 165.0450
893.4655 C46H65N6O12+ 893.4642 -0.0013 979.5112 86.0457 937.4906 44.0251 979.5009 86.0354 953.4685 60.0030 969.4646 75.9991 978.5186 85.0531 951.5051 58.0396 955.5031 62.0376 935.5012 42.0357 ND 907.4815 14.0160 951.4997 58.0342 1058.5105 165.0450

910.4920 C46H68N7O12+ 910.4908 -0.0012 996.5387 86.0467 954.5175 44.0255 996.5304 86.0384 970.4902 59.9982 986.4896 75.9976 995.5455 85.0535 968.5341 58.0421 972.5295 62.0375 952.5393 42.0473 938.5234 28.0314 624.5065 -285.9855 968.5351 58.0431 1075.5372 165.0452
910.4920 Exact masses 910.4920 0.0000 996.5401 86.0480 954.5183 44.0262 996.52883 86.0368 970.4954 60.0034 986.4903 75.9983 995.5448 85.0528 968.5339 58.0419 972.5288 62.0368 952.5390 42.0470 938.5233 28.0313 924.5077 14.0157 968.5339 58.0419 1075.5380 165.0460

Leu2→ Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Hil2 14.0157 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000 Leu2 0.0000
Ala4→ Ala4 0.0000 Cit4 86.0480 Hnv4 44.0262 HnvOAc4 86.0368 Met4 60.0034 Met(O)4 75.9983 Nao4 85.0528 Hnv4 44.0262 Hnv4 44.0262 Leu4 42.0470 Val4 28.0313 Abu4 14.0157 Hnv4 44.0262 Hnv 44.0262
Glu6→ Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu6 0.0000 Glu(OMe)6 14.0157 Glu6 0.0000
Mdha7→ Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mser7 18.0106 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mdha7 0.0000 Mlan7 121.0197

Sum 0.0000 Sum 86.0480 Sum 44.0262 Sum 86.0368 Sum 60.0034 Sum 75.9983 Sum 85.0528 Sum 58.0419 Sum 62.0368 Sum 42.0470 Sum 28.0313 Sum 14.0157 Sum 58.0419 Sum 165.0460

Table S2. Product-ions observed for selected non-Arg-containing MCs in LC-HRMS/MS spectra of [M+H]+, and comparison of their m/z values to their expected exact masses based on the proposed structures. The Δm/z values (Da) are relative to the exact masses of the corresponding product-ions in MC-LA.
MC-LAbu (29)MC-LM (30) MC-LM(O) (20) MC-LNao (22) MC-LL (34) MC-LV (32)[Mser7]MC-LHnv (18)MC-HilHnv (26)AA Origin MC-LHnv (25) MC-LHnv(OAc)MC-LCit (16) Glu(OMe)6]MC-LHnv (23)

Product-ions in cells marked with red trianges were accompanied by detectable neutral losses  of water (18 and 25) or cysteine (14) 

[Mlan7]MC-LHnv (14)

Calculated

MC-LA (23)

Overall exact mass change

Calculated for MC-LA
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July
S6-F08S-

S58
S6-F02S-

S75
S7-K05S-

S29
S8-F09S-

S1
S8-F05S-

S80 
S8-K03S-

S55 
S9-F03S-

S87
S9-K07S-

S9 
S9-F05S-

S97
S9-K05S-

S98
S9-K04S-

S86
S9-K03S-

S88
S10-K01S-

S6
S10-K03S-

S89
S10-F05S-

S84
Name No. m /z Conc Conc Conc Conc Conc Conc Conc Conc Conc Conc Conc Conc Conc Conc Conc

[D-Asp3,Mlan7]MC-RR 1, 2 573.2922 1.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[D-Asp3]MC-RR             
[D-Asp3,Dhb7]MC-RR 
[Dha7]MC-RR

3           
4       

36
512.7824 78.70 7.01 4.34 0.19 0.06 0.25 0.14 1.51 0.24 0.44 0.19 0.89 0.06 0.03 0.72

MC-RR 5 519.7901 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[DMAdda5]MC-LR 6 981.5404 0.00 0.00 0.06 0.03 0.10 0.06 0.27 0.45 0.70 0.36 0.00 0.07 0.00 0.05 0.00
[Mlan7]MC-LR 7 558.7915 0.01 0.07 0.17 0.18 1.65 0.53 0.56 1.13 0.47 0.11 0.07 0.08 0.00 0.04 0.09
[D-Asp3]MC-HtyR                        
[D-Asp3]MC-HtyR         
[Dha7]MC-HtyR

8         
37        
38 1045.5353 0.47 0.00 0.00 0.31 0.20 0.00 0.57 0.00 0.08 0.00 0.85 0.24 0.00 0.00 0.06

[D-Asp3,Dhb7]MC-RR     
[D-Asp3]MC-RR

9          
10

981.5404 30.82 5.25 2.84 0.38 1.02 1.03 2.68 9.15 2.65 2.25 0.15 0.30 0.00 0.03 0.16

[Dha7]MC-LR 11 981.5404 0.00 0.00 0.50 0.34 0.60 0.64 1.94 7.27 2.12 1.44 0.05 0.32 0.00 0.00 0.00
MC-LR 12 995.5560 0.48 53.68 42.31 36.83 76.95 88.75 244.27 1052.36 247.33 231.46 12.73 23.49 0.49 5.43 13.51
[Mlan7]MC-LHnv 13, 14 1075.5380 0.00 0.27 2.28 5.49 4.50 1.08 16.45 6.33 14.11 1.68 8.84 1.77 5.44 3.94 2.78
MC-LHnv+H2Ob N/A 972.5288 0.00 0.00 0.11 0.25 0.01 0.20 1.45 2.56 1.08 1.05 0.49 0.09 0.00 0.12 0.07

[DMAdda5]MC-LHnv 15 940.5026 0.00 0.00 0.05 0.24 0.08 0.04 1.07 1.39 1.10 0.48 0.33 0.00 0.00 0.00 0.00
MC-LCit 16 996.5401 0.00 0.00 4.30 14.29 5.56 0.29 55.05 72.79 65.73 6.53 2.16 4.81 5.81 3.74 1.82
[D-Asp3]MC-LHnv 17 940.5026 0.00 3.87 4.43 3.89 1.11 0.00 13.00 13.97 17.19 1.80 0.24 0.00 2.15 0.90 0.91
[Mser7]MC-LHnv 18 972.5288 0.00 0.22 0.65 1.71 0.82 0.26 6.84 6.49 7.70 0.84 1.28 0.65 1.47 1.10 0.63
MC-LM(O) 20 986.4903 0.00 0.00 0.20 1.43 0.15 0.39 6.24 10.23 7.12 1.17 0.07 0.92 0.48 0.35 0.08
dmMC-LHnvb      

[Dha7]MC-LHnv
19       
21

940.5026 0.00 0.00 0.22 1.82 0.71 0.16 9.91 17.60 11.09 1.32 0.12 0.00 1.23 0.65 0.13

MC-LNao 22 995.5448 0.00 0.13 0.77 1.91 0.62 0.19 12.39 13.40 14.05 1.48 0.18 0.50 0.80 0.41 0.07
dmMC-LHnv 24 940.5026 0.00 0.00 0.03 0.55 0.00 0.07 4.06 4.49 4.33 0.53 0.17 0.00 0.28 0.15 0.00
MC-LHnv 25 954.5183 0.00 19.28 51.38 138.86 58.37 52.13 754.43 948.11 1077.36 123.00 68.77 86.58 168.16 55.02 49.30
MC-HilHnv 26 968.5339 0.00 0.00 0.17 0.70 0.24 0.00 4.59 5.97 6.95 1.16 0.09 0.00 0.00 0.15 0.10
MC-LA 27 910.4920 0.00 0.10 3.45 4.17 3.20 0.78 16.45 12.10 22.90 6.37 2.34 1.41 0.00 6.24 0.36
MC-LY 28 1002.5183 0.00 0.00 1.12 0.00 0.90 1.46 0.00 5.16 2.44 0.00 0.13 0.04 0.00 0.00 0.23
MC-LAbu 29 924.5077 0.00 0.00 0.33 0.39 0.42 0.00 3.19 17.60 4.78 1.17 0.00 0.00 0.00 0.74 0.00
MC-LM 30 970.4954 0.00 0.00 1.27 1.89 1.51 1.94 9.40 42.01 22.31 2.04 0.41 2.16 0.00 0.00 0.30
MC-LW 31 1025.5342 0.00 2.09 1.72 0.09 3.24 2.14 6.08 58.33 7.44 2.96 0.28 0.00 0.00 0.00 0.00
MC-LV 32 938.5233 0.00 0.00 0.07 2.50 0.85 3.40 13.55 46.41 28.99 2.01 1.53 5.22 0.00 0.26 0.39
MC-LF 33 986.5233 0.00 0.75 0.75 0.00 1.36 2.43 5.46 82.86 5.11 3.53 0.05 0.00 0.00 0.00 0.00
MC-LL 34, 35 952.5390 0.00 0.00 1.43 4.82 2.72 9.22 32.86 149.35 82.41 6.61 0.77 8.89 0.00 0.12 0.92

111.72 92.74 124.95 223.26 166.93 167.45 1222.91 2589.04 1657.78 401.81 102.27 138.44 186.37 79.46 72.64
272.00 131.00 115.00 354.00 242.00 253.00 1586.00 45433.00 2243.00 767.00 149.00 180.00 318.00 138.00 135.00

0.53 53.78 45.76 41.01 80.15 89.53 260.72 1064.46 270.24 237.83 15.06 24.90 0.49 11.67 13.87
0.5 58.0 36.6 18.4 48.0 53.5 21.3 41.1 16.3 59.2 14.7 18.0 0.3 14.7 19.1

37

111.72 68.96 60.36 52.13 94.79 112.63 337.42 1485.71 429.97 260.77 19.54 43.11 0.55 12.93 16.74
100.0 74.4 48.3 23.3 56.8 67.3 27.6 57.4 25.9 64.9 19.1 31.1 0.3 16.3 23.0

48

0.00 23.78 64.58 171.13 72.15 54.82 885.49 1103.33 1227.81 141.04 82.74 95.33 185.82 66.53 55.90
0.0 25.6 51.7 76.7 43.2 32.7 72.4 42.6 74.1 35.1 80.9 68.9 99.7 83.7 77.0

52 87

Average percent "common" MCs by LCMS 29 40 28 11

Percent novel MCs by LCMS
Average percentage of novel MCs by LCMS

All previously known MCs by LCMSe

Novel MCs by LCMSf

13

June August September

51 62

Table S3. Concentrations of microcystins (ng/mL) in extracts from the 15 most contaminated crayfish stomachs collected from Lake Steinsfjorden in 2015 (see Samdal et al., 2020)
Month of sampling, sample number, and concentrations (ng/mL) of each microcystin variant in the stomach extracts (1:9 w/v with MeOH), as estimated by 

by LC-HRMS, or for total microcystins with the multi-hapten ELISA (ELISA data from Samdal et al., 2020)

Exact mass, 
positive modeMicrocystin variant(s)a

a Isomers that closely- or co-elute are integrated together; b Partially-identified or -characterised variants; c The ELISA result for S9-K07S-S9 is now considered on outlier and was excluded from comparison 
of the ELISA versus LCMS results; d Includes only 5, 12, 27 and MC-YR; e Includes 1-12, and 27-38; f Includes 13-26 and "MC-LHnv+H2O"

October

Percent "common" MCs by LCMS

Percent previously known MCs by LCMS

Total MCs by LC-HRMS (ng/mL)

87 49 38 13Avge percent previously known MCs by LCMS

Total MCs by ELISA (ng/mL)c

"Common" MCs by LCMS (MC-RR, -LR, -YR, & -LA)d


