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Table S1. Subunits of aeruginosins, dysinosins, oscillarins, pseudoaeruginosins, spumigins, 

pseudospumigins, suomilide, banyaside and nostosins and structurally similar commercial trypsin inhibitors 

leupeptin and antipain. Mgs= 2-O-methylglyceric acid 3-O-sulfate, MgA = 2-O-methylglyceric acid, Hpla = 

4-hydroxyphenyllactic acid, Pla = phenyllactic acid, Hhpba = 2-hydroxy-4-(4-hydroxyphenyl)butanoic acid, 

Choi = 2-carboxy-6-octahydroindole, Agma = 4-amidinobutylamide, Aaep = 1-amidino-3-(2-aminoethyl)-3-

pyrroline, Ddha = didehydroaraginal. Subunits matching with varlaxin 1046A marked with green and 

possibly matching with red. 

 

 



 

 

 



Table S2. Trypsin (animal origin) inhibition (IC50) by aeruginosins, structurally similar compounds and 

structurally similar commercial trypsin inhibitors leupeptin and antipain. 

 

 

 

 

 



Table S3. Parameters for NMR data collection. 

 

Experiment Complex points in (t1) 

t2 

Acquisition time in (t1) t2 

[s] 

Number of scans 

1H 16k 1.28 16 
13C 48k 1.0 8k 

2D TOCSY (256) 2048 (0.0231) 0.183 8 

2D DQF-COSY (256) 1024 (0.0246) 0.098 16 

2D 13C HSQC (200) 1024 (0.005) 0.0799 16 

2D 13C HMBC (512) 1024 (0.0115) 0.1278 32 

2D 15N HSQC (128) 1024 (0.0128) 0.0799 80 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. Annotation of product ions from protonated, desulfated (−SO3) varlaxin variants 10465, 1022A , 

912, 888B, 778, 764 and 754 from Nostoc UHCC strains 0870, 0840 and 0758. Mgs = 2-O-methylglyceric 

acid 3-O-sulfate, MgA = 2-O-methylglyceric acid, Choi = 2-carboxy-6-octahydroindole, Agma = 4-

amidinobutylamide, Aaep = 1-amidino-3-(2-aminoethyl)-3-pyrroline, Hpaa = 2-(4-hydroxyphenyl)acetic 

acid. Δ = difference in parts per million (ppm) between calculated and experimental m/z values. 

 



Table S5. NMR data of Varlaxins 1022A and 1046A in DMSO-d6. 

 Varlaxin 1022A  Varlaxin 1046A 

 trans (3/5)  cis (2/5)  trans (3/5)  cis (2/5) 

Subunit δC/N δH   δC/N δH   δC/N δH   δC/N δH 

Mgs, 1 169.0 -  169.1 -  169.0 -  169.2 - 

2 80.2 3.92  79.9 3.90  80.3 3.91  79.8 3.90 

2-OCH3 57.1 3.22  57.0 3.22  57.1 3.23  56.9 3.21 

3 66.5 3.73  65.6 3.81  66.2 3.73  65.6 3.79 

3'   3.92     3.94     3.95     3.91 

Ile, 1 169.2 -  169.3 -  169.2 -  169.3 - 

2 54.2 4.35  53.4 4.10  54.1 4.36  53.4 4.05 

3 36.7 1.65  35.6 1.83  36.8 1.65  35.6 1.84 

4 24.0 1.08  23.6 0.96  24.2 1.07  23.9 0.91 

4'  1.50   1.50   1.50   1.49 

5 11.0 0.82  10.8 0.78  11.0 0.82  10.8 0.78 

6 15.1 0.81  15.4 0.78  15.0 0.81  15.3 0.78 

2-NH 120.0 7.77   121.0 7.81   119.0 7.62   121.7 7.90 

Choi, 1 171.3 -  172.0 -  171.2 -  172.1 - 

2 59.7 4.24  59.6 4.61  59.7 4.23  59.5 4.61 

3 30.2 2.06  33.3 2.25  30.3 2.05  33.3 2.26 

3'  1.86   1.87   1.82   1.86 

3a 35.9 2.24  34.2 2.12  35.9 2.26  34.2 2.13 

4 19.6 1.93  19.6 1.91  19.5 1.93  19.7 1.93 

4'  1.45   1.45   1.45   1.45 

5 24.1 1.56  24.8 1.47  24.1 1.56  24.8 1.47 

5'  1.43      1.43    
6 72.9 3.77  72.5 3.76  72.8 3.76  72.5 3.75 

7 30.2 2.30  29.3 1.93  30.1 2.29  29.3 1.92 

7'  1.61   1.62   1.61   1.59 

7a 54.3 4.00   53.4 4.40   54.3 4.00   53.4 4.39 

Agma/Aaep, 

1 38.0 3.03  38.3 3.00  36.5 3.13  37.2 3.14 

1'  3.07   3.24   3.29   3.38 

2 26.2 1.42  26.0 1.48  28.3 2.26  28.0 2.31 

2'        2.29   2.34 

3 25.6 1.47  25.9 1.53  136.1 -  135.9 - 

4 40.4 3.09  40.5 3.09  54.1 4.11  54.1 4.13 

5 156.7 -  156.7 -  154.1 -  154.1 - 

6 - -  - -  55.3 4.14  55.5 4.16 

7 - -  - -  119.0 5.64  119.6 5.69 

1-NH 113.7 7.62  116.1 8.05  112.7 7.70  114.2 8.10 

4-NH 85.5 7.58  85.5 7.58  - -  - - 

5-NH       77.1 7.23  77.1 7.23 

5-NH2             77.1 7.23   77.1 7.23 

Glc, 1 95.1 5.01  94.5 4.91  95.1 5.02  94.6 4.91 



2 73.3 4.50  73.4 4.42  73.3 4.50  73.4 4.42 

3 70.2 3.65  70.0 3.69  70.2 3.66  70.0 3.69 

4 70.4 3.17  70.4 3.16  70.3 3.18  70.3 3.16 

5 70.2 3.67  70.0 3.71  70.2 3.66  70.0 3.71 

6 64.0 4.01  63.8 4.03  64.0 4.01  63.8 4.03 

6'  4.37   4.33   4.36   4.33 

3-OH - 5.21  - 5.25  - 5.21  - 5.25 

4-OH - 5.39  - 5.34  - 5.39  - 5.34 

Hpaa1, 1 171.3 -  171.9 -  171.3 -  171.9 - 

2 39.1 3.59  38.6 3.60  39.1 3.59  38.6 3.60 

2'  3.59   3.91      3.91 

3 124.2 -  124.2 -  124.2 -  124.5 - 

4,4' 130.3 7.06  130.7 7.12  130.3 7.07  130.7 7.12 

5,5' 115.0 6.67  114.8 6.66  115.0 6.67  114.8 6.66 

6 156.0 -  156.0 -  156.0 -  156.0 - 

6-OH  9.23   9.21   9.23   9.21 

Hpaa2, 1 171.3 -  171.4 -  171.3 -  171.3 - 

2 39.3 3.52  39.3 3.51  39.2 3.52  39.2 3.52 

2'  3.52   3.51      3.52 

3 124.2 -  124.2 -  124.2 -  124.2 - 

4,4' 130.1 7.03  130.1 7.03  130.1 7.03  130.1 7.03 

5,5' 115.0 6.68  115.0 6.68  115.0 6.68  115.0 6.68 

6 156.2 -  156.2 -  156.1 -  156.1 - 

6-OH  9.26   9.26   9.25   9.25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S6. DQF-COSY and 1H-13C HMBC correlations of Varlaxins 1022A and 1046A in DMSO-d6.  

 



Table S7. The substrate specificity of aeruginosin NRPS adenylation domains. 

 

 

Protein Strain Residue Proposed substrate 

  235 236 239 278 299 301 322 330  

aerB Microcyctis aeruginosa NIES-98 D A F F L G V T Ile 

 Nodularia sphaerocarpa UHCC 0038 D A F F L G V T Ile 

 Nostoc sp. UHCC 0870 D A L W M G G V allo-Ile 

 Hormoscilla sp. GM7CHS1pb D A L F I G I I Val 

 Nostoc sp. UIC10630 D A W F L G N V Leu 

 Microcyctis aeruginosa PCC 7806 D A S T I A A V Tyr 

 Microcyctis aeruginosa NIES-843 D A S T I A A V Tyr 

 Planktothrix agardhii CYA 126-8 D A W F L G N V Leu 

 Nodularia spumigena CCY 9414 D A S T I A A v Tyr 

aerG NIES-98 D V H I I A Y I Choi 

 UHCC 0038 D V H F I C L L Choi 

 UHCC 0870 D V H F I C - - Choi 

 GM7CHS1pb D V H I I C F L Choi 

 UIC10630 D V H F I C - - Choi 

 PCC 7806 D V H I I A Y I Choi 

 NIES-843 D V H I I A F I Choi 

 CYA 126-8 D V H I I A F L Choi 

 CCY 9414 D V H I C A F L Choi 

aerM PCC 7806 D V E N A G V V Arg 

 NIES-843 D V E N I G A I Arg 

 CCY 9414 D V E N V G A I Arg 



 

 

 

 

Figure S1. Structures of aeruginosin 298-A from Microcystis aeruginosa NIES-298, pseudoaeruginosin 

KT554 from M. aeruginosa IL-347, aeruginoside 126B from Planktothrix agardhii CYA 126/8, 

aeruginosin NAL2 and pseudoaeruginosin NS1 from Nodularia spumigena AV1.  

 



 

Figure S2. Structures of spumigin E from N. spumigena AV1, pseudospumigin from Nostoc sp. CENA 

543 and nostosin A from Nostoc sp. FSN. 



 

Figure S3. Structures of suomilide from N. sphaerocarpa HKVV, banyaside A from Nostoc sp. IL-235 

and chlorodysinosin A from sponge, family Dysideidae. 
 



 
 

Figure S4. UPLC-QTOFMS analysis of varlaxin producers Nostoc sp. UHCC 0870 MeOH extracts. A: 

Total ion current chromatograms (TICC) showing varlaxin 1046A (2.10 min) and 1022A (2.07 min) 

peaks. B: Mass spectrum of the merged peaks 2.07 and 2.10 min showing peak patterns of sodiated and 

desulfated protonated varlaxins 1046A (M1) and 1022A (M2). C: Mass spectrum from m/z 400 to 1100 

show ions typical for aeruginosins. D: MSE mass spectrum of the merged peaks 2.07 and 2.10 min from 

m/z 50 to 200 show low mass diagnostic ions for aeruginosins. MgA = 2-O-methylglyceric acid, Choi = 

2-carboxy-6-octahydroindole, Agma = 4-amidinobutylamide, Aaep = 1-amidino-3-(2-aminoethyl)-3-

pyrroline, Hpaa = 4-hydroxyphenylacetic acid. 



 
 

Figure S5. Product ion spectra (MS2) of protonated desulfated varlaxins 764, 754, 778, 912A, 888B, 

1022A and 1046A in MeOH extracts from Nostoc sp. UHCC strains 0758, 0840 and 0870. Annotation of 

ions in Table 2. 
 



 

Figure S6. UV spectra of varlaxins 1022A  and 1046A  and a reference compound 4-hydroxyphenylacetic 

acid. 
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Figure S7. 800 MHz NMR spectra of the varlaxin 1022A  isolated from Nostoc sp. CENA543. A: 1H, 

B: 13C, C: 1H-13C HSQC, D: 1H-13C HMBC, E: 1H-13C HMBC from the carbonyl region, F: 1H-15N 

HSQC, G-J: DQF-COSY of Ile, Choi, Agma and Glucopyranose (Glc), K: 1H-1H TOCSY (60 ms), L: 
1H-1H NOESY and M: 1H-1H NOESY of Choi. Trans correlations are in black and cis correlations in 

red. t/c = trans/cis. 
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Figure S8. 800 MHz NMR spectra of the varlaxin 1046A isolated from Nostoc sp. CENA543. A: 1H, 

B: 1H-13C HSQC, D: 1H-13C HMBC, E: 1H-13C HMBC from the carbonyl region, F: 1H-15N HSQC, 

G-J: DQF-COSY of Ile, Choi, Aaep and glucopyranose (Glc), K: 1H-1H TOCSY, L: 1H-1H NOESY 

and M: 1H-1H NOESY of Choi. Trans correlations are in black and cis correlations in red. t/c = 

trans/cis, N: Partial 1H spectra of Varlaxin 1046A acid hydrolysate in 2 M D2SO4 (in D2O) showing 

the match of anomeric protons signals to reference compounds presented in the table which values 

are from Giner et al., J Nat Prod 2016, 79, 2413-2417. 
 

 

 

Figure S9. Monosaccharide D/L analysis of varlaxin 1022A . Ion chromatograms m/z 447.13 

([M+H]+) of derivatized monosaccharide standards D- and L-Glc, and hydrolyzed varlaxin 1022A . 



 

   

 

Figure S10. Amino acid analysis of varlaxins 1022A  and 1046A . EIC’s (m/z 384.15, [M+H]+ of Ile-

DAA, m/z 438.16, [M+H]+ of Choi-DAA) of the DAA derivatives of the reference amino acids L-, D-

, L-allo- and D-allo-Ile and L-Choi-DAA (from NIES 298) and acid hydrolyzates of purified varlaxins 

1022A  and 1046A . Chromatograms from 1. and 2. injections show some shifting but without 

effecting to the fact that in both varlaxins 1022A  and 1046A  Ile was in D- configuration and Choi 

was L-. 


