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Figure S1. Positive ionization LC-HRMS chromatograms of an extract of M. aeruginosa CPCC-464 before
(top) and after (middle) derivatization with mercaptoethanol. The bottom chromatogram shows a
subtraction of the derivatized from the underivatized chromatograms, and shows the identities (Figure 1),

retention times, and m/z for [M + H]* of microcystins referred to in the text.
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Figure S2. LC-HRMS full scan chromatograms obtained in positive (A) and negative (B) ionization modes (m/z 900-1100) of an extract of M. aeruginosa
CPCC-464.
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Figure S3. '"H NMR Spectrum of [Leu!]MC-LY (1) in CDsOH (600 MHz).
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Figure S4. COSY NMR Spectrum of [Leu!]MC-LY (1) in CDsOH (600 MHz).
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Figure S5. DIPSI NMR Spectrum of [Leu!]MC-LY (1) in CDsOH (600 MHz).
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Figure S6. Edited HSQC NMR Spectrum of [Leu']MC-LY (1) in CD:OH (600 MHz).
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Figure S7. HMBC NMR Spectrum of [Leu']MC-LY (1) in CDsOH (600 MHz).



Toxins 2020, 12 S9 of S24

[rel]

0.14

T
0.12

T
0.10

T
0.08

T
0.06

T
0.04

0.02

0.00

I I
120 100

Figure S8. °*C NMR Spectrum of [Leu!]MC-LY (1) in CDsOH (176 MHz).
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Figure S9. ROESY NMR Spectrum of [Leu']MC-LY (1) in CD3:OH (600 MHz).
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Figure S10. NOESY NMR Spectrum of [Leu!]MC-LY (1) in CDsOH (600 MHz).
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Figure S11. 'H (red text) and *C (blue text) NMR chemical shift assignments for [D-Leu!]MC-LY (1) in CD3OH, taken from Table 1, overlaid on the 2-
dimensional chemical structure of 1.
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Figure S12. LC-HRMS/MS spectra of authentic MC-LA (4) and MC-LY (5), and of [Leu!]MC-LY (1) from M. aeruginosa CPCC-464 in positive ionization

mode.



Toxins 2020, 12

100
80
60
40

20

Y
o
oo

' @ @
o o o

Relative Abundance

N
o

100

80

60

40

20

miz

5 3 5-6-7
7 135.0803 1634115 6-7 375.1906
] 213.0868
1 MC-LA (4)
] 2 7-1 3-4 5
7] 86.0964 155.0813 3-4 218.1132 265.1581
] B 258.18477_1 -
p 5 1730917 6-7 2010388 . 2;78. 1%492 2-3-4 366.2057
. 107.0854 7-1 195.0762 2371633 ‘ 2_3_4331_1970 I
] 127.0864 297.1843 347.1959
] Lo | 1430855 185.1280 2261587 | 282-18T6 il L ‘ |351 2022 |
] L il ; "l [, Ly I.. ) | i [~ Al Ll II .Il L | N | (|
375.1910
7 +0 +0 +0| |+0
] 63.1116 +920262 . o
4 MC-LY (5) 135.0804 ) +92.0262
3 209.1323 £92,0262.265110
] 310.1393
7 86.0964 136.0757 \ 258:1850 268.1652
. 155.0814 . o 366.2061
] 107.0855 : \ 245:1486 347.1961 i
B 127.0866 1730962 | |1g.1s38 i |
i 91,0542 I l 1430856 | 185.1281 t" O 282.1848 l | /329.1856 351.2023
N 1 | al " 1 | N T ln. ..l | lu L b PN A b L1l Ly
- 3751907
] +0+0 +0 +0
E [D-Leul]MC-LY (1)
E 135.0803 213.0868
] 197.1282 265.1179 B 551
7 86.0964 136.0756 258.1848
N 293.1126
] \ 246.1485
] 107.0854 237.1634 347.1960
7 124.1120 \ 2071750 279.1698 314.2109
] 91.0542 | |143;0355 \ . | I | /3291856 |357_1303
7 A0 ol | ' (T L N A il o] | [ N N L
T LA R M M LU A I A M Mk Y M M R b R R R LA M L Rk B | LIRS M A A LEARAE A LA Rl R M) Wl R B Al I Ml b M) R AR A R RS LA M M |
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

S14 of S24

Figure S13. Expansion of the LC-HRMS/MS spectra of [M + H]* for MC-LA (4), MC-LY (5), and [Leu!]MC-LY (1) obtained in positive ionization mode
(Figure S13). Product ions that change in m/z between any of the three spectra marked with red (no change), blue (+ 92.0262) or green (+ 42.0470). These
changes in mass correspond to the exact mass difference between 4 and 5 (m/z 92.0262, replacing Ala* with Tyr*), and between 5 and 1 (m/z 42.0470,
replacing D-Ala! with D-Leu). The bold purple numbers indicate the microcystin amino acid residue numbers proposed to be responsible for selected
product ions (see also Table 2).
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Figure S14. Expansion of the LC-HRMS/MS spectra of [M + H]* for MC-LA (4), MC-LY (5), and [Leu!]MC-LY (1) obtained in positive ionization mode
(Figure S13). Product ions that change in m/z between any of the three spectra marked with red (no change), blue (+ 92.0262) or green (+ 42.0470). These

changes in mass correspond to the exact mass difference between 4 and 5 (m/z 92.0262, replacing Ala* with Tyr*), and between 5 and 1 (m/z 42.0470,

replacing D-Ala! with D-Leu'). The bold purple numbers indicate the microcystin amino acid residue numbers proposed to be responsible for selected

product ions (see also Table 2

).
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Figure S15. Expansion of the LC-HRMS/MS spectra of [M + H]* for MC-LA (4), MC-LY (5), and [Leu!]MC-LY (1) obtained in positive ionization mode
(Figure S13). Product ions that change in m/z between any of the three spectra marked with red (no change), blue (+ 92.0262) or green (+ 42.0470). These

changes in mass correspond to the exact mass difference between 4 and 5 (m/z 92.0262, replacing Ala* with Tyr*), and between 5 and 1 (m/z 42.0470,

replacing D-Ala! with D-Leu). The bold purple numbers indicate the microcystin amino acid residue numbers proposed to be responsible for selected

product ions (see als

o Table 2).
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Figure S16. Expansion of the LC-HRMS/MS spectra of [M + H]* for MC-LA (4), MC-LY (5), and [Leu!]MC-LY (1) obtained in positive ionization mode
(Figure S13), showing the region at m/z 135.0-136.2 containing the Adda and Tyr fragments (the latter product ion only being present in MC-LY (5) and

[Leu!]MC-LY (1)). The bold purple numbers indicate the microcystin amino acid residue numbers proposed to be responsible for selected product ions

(see also Table 2).
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Figure S17. Expansion of the LC-HRMS/MS spectra of [M + H]* for MC-LA (4), MC-LY (5), and [Leu!]MC-LY (1) obtained in positive ionization mode
(Figure 513), showing m/z 150-180 and 265.0-265.3 and revealing the presence of two distinct product ions at ca 265.1 in 1 and 5. Product ions that change
in m/z between any of the three spectra are marked with red (no change), blue (+ 92.0262) or green (+ 42.0470). These changes in mass correspond to the
exact mass difference between 4 and 5 (m/z 92.0262, replacing Ala* with Tyr?), and between 5 and 1 (1m/z 42.0470, replacing D-Ala' with D-Leu'). The bold
purple numbers indicate the microcystin amino acid residue numbers proposed to be responsible for selected product ions (see also Table 2).



Toxins 2020, 12

100
80
60
40
20

0
100

& =3 ©
o o o

Relative Abundance

n
o

100

40

20

MC-LA (4)
3-4
18,1132
2sg18a7  1-1-2
268.1649
2371633 545 1485 265.1581
226.1587
_Ppos1aso  PP13S psotsas AL
- »
MC-LY (5) +92.0262
265.1179
258.1851
2371635 246.1486
18.1538 226 1589
pos1ssz  [P431338 | pst.1024 ‘
[D-Leul]MC-LY (1)
265.1179
258.1848
237.1634 246.1485
19.1124 227.1750
|l | 235.1487 [243133° | p51.1022 ’
L LA MR AR I I Rt R R ) W Ml R ) Wt Mt M i I W R R i b |
220 230 240 250 260 270

miz

3 MC-LA (4)
80
60

40

20

T A N .

309.1801 3095484 310.1028

S19 of S24

100

©
o

per b gl bl

MC-LY (5)
3-4

310.1393

@
o

N
o

Relative Abundance

N
o

309.1304

100
+0

0] [D-Leul]MC-LY (1)

Q 310.1302

7-1-2

40 510.2119

20

T T O R |

309.1803

0

LARAME RAMM AR AR AL
309.0 3095

Figure S18. Expansion of the LC-HRMS/MS spectra of [M + H]* for MC-LA (4), MC-LY (5), and [Leu!]MC-LY (1) obtained in positive ionization mode
(Figure S13), showing m/z 215-270 and 309-311 and revealing the presence of two distinct product ions at ca m/z 310 in 1. Product ions that change in m/z
between any of the three spectra are marked with red (no change), blue (+ 92.0262) or green (+ 42.0470). These changes in mass correspond to the exact
mass difference between 4 and 5 (m/z 92.0262, replacing Ala* with Tyr?), and between 5 and 1 (m/z 42.0470, replacing D-Ala! with D-Leu'). The bold purple

numbers indicate the microcystin amino acid residue numbers proposed to be responsible for selected product ions (see also Table 2).
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Figure S19. UV spectra obtained from isocratic LC-UV analysis of authentic MC-LR (2) and MC-LY (5), and
purified [Leu']MC-LY (1) isolated during this study.



Toxins 2020, 12

Relative Abundance N
) N o I o
o o o o o

o

-
N (0] (o} o
o o o o

Relative Abundance

N
o

IR N T T T T O A B |

521 of S24

7.91min

m/z 1037.6028
Recently extracted culture...

control (not treated with Oxone)

[Leul]MC-LR

S

‘4&/ .
sulfide
f.s? 0.9 [Leu!]MC-MR (7)
BN E/\S\ 7.74 min
7.11min 799 min m/z 1055.5608

m/21071.5556 |/, 1087.5491

7.98 min
m/z 1037.6026

Recently extracted culture...
[Leul]MC-LR

after 15 min with Oxone |

Slow oxidation to

g L 7 from the sulfone  Sulfide
SN 0.,
sulfoxide oS He

[Leu']MC-M(O)R (6) sulfone

7.18min [1eyl]MC-M(O2)R (8)sulfoxide
m/z1071.5551  7.44min

m/z 1087.5497

LN N N B N B B N B B B B | T 1 T

T ] 1 1 L
7.4 7.6 7.8 8.0 8.2 8.4
Retention time (min)

Figure S20. Positive ionization mode full scan LC-HRMS chromatograms of an extract of M. aeruginosa CPCC-464 extracted at m/z for [Leu']MC-LR and

6-8, before and shortly after treatment with the oxidant Oxone. Note the complete and rapid conversion of the methionine group in sulfide-7 to form

sulfoxide-6, and the much slower oxidation of sulfoxide-6 to sulfone-8. Trace levels of sulfone-8 were present prior to addition of the oxidant.
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Figure S21. LC-HRMS/MS spectra of [M + HJ* of [Leu!']MC-MR (7) (top) and its corresponding sulfoxide [Leu!]MC-M(O)R (6) (middle), obtained
from an extract of M. aeruginosa CPCC-464. Note the prominent neutral loss of CH4OS (m/z 63.9983) for 6 that is characteristic of methionine
sulfoxides. The bottom spectrum is the LC-HRMS/MS spectrum of the [M + HJ* product ion at m/z 1007.5 of sulfoxide-7 using in-source

fragmentation.
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Table S1. Comparison® of the *C chemical shift assignments for 1 in CDsOH with those reported for 3 in
CDsOD.!

Unit Position 1,%c 3,<%c Diff.

1 ND 1751 NJ/A

2 520 529 09

3 392 409 17

D-Leu! 4 248 261 13
4Me 199 212 13

5 26 236 10

1 1745 1754 09

2 538 549 1.1

3 398 408 1.0

Leu2

4 245 259 14

4Me 200 213 13

5 28 237 09

10 1756 1764 08

2 546 569 23

D-Masp? 3 407 421 14
3Me 138 155 17

4 1774 1793 19

Tyr/ 1 1706 1721 15
Arg* 2 541 532 09
1 1760 1768 0.8

2 441 453 12

>Me 148 160 12

3 555 568 13

4 1252 1267 15

5 1380 1390 1.0

6 1328 1339 1.1

6Me 118 129 11

7 1362 1371 09

Adda? 8 365 377 12
8Me 155 165 1.0

9 872 885 13

9-OMe 576 588 12

10 377 390 13

11 1394 1406 12

12/16 1295 1305 1.0

13/15 1281 1292 1.1

14 1259 1271 12

1748 1772 24

DGl 533 554 2.1

270 283 1.3
320 332 1.2

(W (N =
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5 1752 1767 15
1 1655 1664 0.9

1451 1463 12

Mdha” = Me 373 384 11
3 1133 1147 14

Mean 1.2

SD 05

524 of 524

?Note, the reference value for chemical shift calibration was not reported for 3.! Values differing from the

mean chemical shift difference (1.2 ppm) by more than the standard deviation (0.5 ppm) are shown in red

(higher) or blue (lower) text. Only chemical shifts for C-1 and C-2 are shown for amino acid-4, because this

is the only residue that differs between 1 and 3, the former containing tyrosine and the latter containing

arginine at position-4. Only minor differences were observed, for: carbon atoms close to the carboxyl groups

in the D-Masp?® and D-Glu® residues, attributable to a different degree of carboxyl protonation between the

two samples; and at C-2 of position-4, attributable to the different amino acid side-chains present at this

position.
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