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Table S1. NMR spectroscopic data of compound 2 (300 MHz, CD30OD)

CHno. dyJinHz)? dd® HMBC NOESY (selected)
llel 1 - 175.2

2 5.20,d (3.7) 56.1 1,3,4,56

3 204, m 40.3

4a 1.41, m 280 2,3,47,5

4b 1.29, m 2,3,47,5

47 1.05,t (7.1) 124 3,4

5 0.86, d (6.9) 152 2,3, 4
N-Me-Tyr 6 - 171.9

7 5.39,dd (2.8;11.7) 628 6,8,15 17

8a 3.38,m 349 7,9 10,11

8b 2.78, dd (11.7; 14.6) 7,9,10, 11

9 - 129.1

10 7.13,d (8.4) 131.9 12,13, 14 15, 17

11 7.13,d (8.4) 1319 12,13, 14 15, 17

12 6.72,d (8.4) 116.8 9,10, 11, 14 20, 21

13 6.72,d (8.4) 116.8 9,10, 11, 14 20, 21

14 - 157.8
N-Me 15 2.87,s 31.8 7,16 10, 11
lle2 16 - 172.8

17 4.60, d (10.7) 56.6 16,18,19,21, 10,11

22,26

18 1.92, m 34.7

19a 124, m 25.3

19b 0.77, m

20 0.76, t (7.0) 10.8 18,19 12,13

21 0.05,d (6.7) 14.8 17,18,19 12,13
Ahp 22 - 171.6

23 463, m 50.6 22,24,27 24b, 25

24a 2.96, m 22.1

24b 1.97, m 23

25 1.95, m 311 26 23, 26

26 5.14, brs 76.0 22,24,17 25
Leu 27 - 174.5

28 4.69, m 52.3 27,29, 30,33

29a 1.99, m 411 28,30,32

29 1.55, m 28, 30, 32

30 2.08, m 24.5

31 0.99, d (6.5) 243 29,30,32

32 0.92,d (6.2) 216 29,30,31
Hmp 33 - 169.5




34 452, d (3.3) 664 33,39 35, 36
35 5.34,1(3.3) 792 1,34,37 34, 36
36 2.62,m 39.0 34, 35, 38
37a 4.34, brt (9.0) 535 34,3536,39 40
37b 3.55,m 36, 38
38 1.20, d (6.5) 113 35,36, 37 36
Cit 39 - 173.6
40 458, m 52.7 39,41, 42 37a
M 1.75,m 29.7 39, 40, 42 46
42 1.67,m 265 41
43a 3.24,m 405 41,42, 44
43b 3.08,m 41, 42, 44
44 - 162.3
Ac 45 - 173.4
46 201, s 221 45 4

[a] assignments are based on extensive 1D and 2D NMR measurements (HMBC, HSQC, COSY).

Table S2: NMR Spectroscopic data of compound 3 (500 MHz, CD;OD)

CHno. dyq@JinH2)@ dd? HMBC ROESY (selected)
val 1 - 175.0
2 4.96, d (4.9) 583 1,3,4,5,6
3 2.32,m 33.1 38
4 0.89, d (6.9) 176  2,3,5 35
5 1.04, d (6.9) 202 2,34 15
N, O-diMe- 6 - 171.6
Tyr
7 5.39,dd (2.9;120) 625 6,8,15 17
8a 3.39,dd(2.9;148) 346 7,910, 11
8b 2.84, dd (12.0; 14.8) 7,9, 10, 11
9 - 130.3
10 7.24,d (8.6) 1319 8,12,13,14 15, 17, 20, 21
11 7.24,d (8.6) 1319 8,12,13 14 15, 17, 20, 21
12 6.87,d (8.6) 1155 9,10, 11,14 20, 21
13 6.87,d (8.6) 1155 9,10, 11,14 20, 21
14 - 160.3
O-Me 47 3.78,s 555 14
N-Me 15 2.89, s 315 7,16 5,10, 11
lle 16 - 172.4
17 458, d (10.7) 56.4  16,18,21,22,26 7,10, 11
18 1.93, m 34.4
19a 122, m 25.1
190 0.81, m
20 0.75, 1 (7.0) 105 18,19 10, 11, 12, 13
21 0.00, d (6.6) 146  17,18,19 10, 11, 12, 13
Ahp 22 - 171.4
23 4.64, m 50.6  22,24,27 24b/ 25
24a 297, m 22.0
24b 1.95, m 23
25 1.95, m 30.9 23
26 5.13, brs 759 22,24
Leu 27 - 174.3




28
29a
29b
30
31
32
Hmp 33
34
35
36
37a
37b
38
Cit 39
40
41a
41b
42a
42b
43a
43b
a4
Ac 45
46

4.66, m
2.00,m
1.56, m
2.10, m
1.00, d (6.3)
0.93,d (6.3)

453, d(3.5)
5.34,t (3.5)

2.62, m

4.32, brt (9.0)
3.57, dd (9.7; 11.0)
1.20, d (6.7)

458, m
1.81, m
1.73, m
1.73,m
1.64, m
3.26, m
3.08, m

201, s

52.2
41.0

24.3
24.1
214
169.3
66.2
79.1
38.8
53.2

111
173.3
52.5
295

26.2
40.3
162.1

173.2
21.9

27,33,34

29, 32
29, 31

33,39
1

34, 35, 36, 39
36
35, 36, 37

39,41, 42

41, 42, 44

45

34

32,35
4,34, 36
35, 38, 40
40

40

3, 36

36, 37a, 37b

46
46

41a, 41b

[a] assignments are based on extensive 1D and 2D NMR measurements (HMBC, HSQC, COSY).

Table S3: NMR Spectroscopic data of compound 4 (300/500 MHz, CD3;0OD)

C/Hno. dy(JinHz)®? dd? HMBC ROESY (selected)
llel 1 - 175.0
2 5.18,d (3.7) 559 1,3,4,56 38
3 2.05, m 40.0
4a 1.45,m 278 2,3,5,47 15
4b 1.28, m 2,3,5,47 15
47 1.05,t(7.3) 121 3,4 15
5 0.87,d(6.9) 149 2,34
N, O-diMe- 6 - 171.6
Tyr
7 5.39, m 625 6 17
8a 3.42, m 346 910,11
8b 2.85,m 7,9, 10, 11
9 - 130.3
10 7.24,d (8.4) 1319 14 15, 17, 21
11 7.24,d (8.4) 1319 14 15,17, 21
12 6.87,d (8.4) 1154 9,10, 11, 14 20, 21, 48
13 6.87,d (8.4) 1154 9,10, 11, 14 20, 21, 48
14 - 160.3
O-Me 48 3.78, s 555 14 12,13
N-Me 15 2.88, s 315 7,16 43, 4b, 10, 11, 47
lle2 16 - 1725
17 4.57,d (10.7) 56.2  16,18,21,22, 7,10,11
26




18 194, m 34.4

19a 1.22, m 25.0
19b 0.82, m
20 0.75,t (7.0) 105 18,19 12,13
21 0.00,d (6.2) 146  17,18,19 10, 11, 12, 13
Ahp 22 - 171.4
23 4.65, m 504 22,24,27 24b, 25
24a 2.98, m 22.0
24b 1.97,m 23
25 1.95 m 30.8 23, 26
26 5.13, brs 75.7 22,24 25
Leu 27 - 174.3
28 4.68, m 521 27
29a 2.00, m 41.0
29b 1.56, m
30 211, m 24.3
31 0.99, d (6.6) 240 29, 30, 32
32 0.92,d (6.2) 214 29, 30,31 34
HmMp 33 - 169.3
34 4.53,d(3.3) 66.2 33 32, 35, 36
35 5.33,1(3.3) 790 1 34, 36
36 2.64, m 38.7 34,35
37a 4.33, brt (9.0) 532 35,36 40
37b 3.55m 36 40
38 1.20, d (6.6) 11.1 35, 36, 37 2
Cit 39 - 173.3
40 459, m 524 39,41, 42,45 37a,37b
4la 1.83,m 29.5 46
41b 1.74, m 46
42a 1.73, m 26.2
42b 1.65 m
43a 3.24, m 40.3 41,42
43b 3.09, m
44 - 162.3
Ac 45 - 173.2
46 2.01,s 219 45 41a, 41b

[a] assignments are based on extensive 1D and 2D NMR measurements (HMBC, HSQC, COSY).

Table S4: NMR Spectroscopic data of compound 6 (300 MHz, CDsOD)

C/Hno. dy(@inHz)? dct® HMBC NOESY (selected)
va 1 - 175.3

2 4.44.d (7.0) 505 1,3,4,56

3 2.15,m 319 24,5

4 0.97, d (6.6) 193 2,35

5 1.01, d (7.3) 197 2,34
N-Me-Tyr 6 - 172.1

7 5.03, m 633 6,16

8a 3.40, m 34.4 7,9, 10,11

8b 2.79,m 7,9, 10,11

9 - 129.1

10 7.12,d (8.4) 131.8 8,12, 13, 14 15, 17




11 7.12,d (8.4) 131.8 8,12,13, 14 15, 17
12 6.74, d (8.4) 116.7 9,10, 11, 14 19
13 6.74,d (8.4) 116.7  9,10,11, 14 19
14 - 157.8
N-Me 15 2.87,s 314 7,16 10, 11
Thrl 16 - 173.2
17 459, d (7.3) 56.3  16,18,19,20,24 10,11
18 371, m 67.1 17,19 24
19 0.54, d (6.2) 19.7 17,18 12,13
Ahp 20 - 171.6
21 4.65,dd (6.6;124) 510 20,25 22b/ 23b
22a 2.79,m 22.2
22b 1.90, m 21
23a 2.06,m 30.8 24
23b 1.90, m 21,24
24 5.32, brs 772 20 18, 233, 23b
Hphe 25 - 174.1"
26 4.36, brd (9.9) 54.7
27a 248, m 334
27b 2.00,m
28a 277, m 331 29,3031
28b 2.66,m 29, 30, 31
29 - 142.2
30 7.21,d(7.3) 129.8 34 36
31 7.21,d(7.3) 129.8 34 36
32 7.29,1(7.3) 1295 29,30, 31,34
33 7.29,1(7.3) 1295 29,30, 31, 34
34 7.21,1(7.3) 1271 32,34
Thr2 35 - 171.6
36 4.82,m 573  35,37,38,39 30, 31
37 5.65, m 735 1,35,38
38 1.46, d (6.2) 188 36,37
Ser 39 - 173.3
40 4.69, m 56.8 39,41, 42
Ala 4.02,dd (54;11.0) 633 39,40
41b 3.93, dd (5.4; 11.0) 39, 40
Pro 42 - 174.9
43 455 m 61.3 42,44, 45, 46
A4a 2.28,m 309 42,43, 45,46
44b 2.06,m
45a 2.13,m 259 43,45, 46
45h 2.02,m
46a 3.70,m 488 44,45 48a
46b 3.63,m 44, 45 48a
Ba 47 - 174.6
48a 241, m 373 47,49, 50 463, 46b
48b 2.28,m 47
49 1.69, m 19.2  47,48,50
50 0.99,t(7.3) 142 48,49

[a] assignments are based on extensive 1D and 2D NMR measurements (HMBC, HSQC, COSY). [b] assignment
followed by deduction.



Table S5: NMR Spectroscopic data of compound 7 (300/500 MHz, CD3z0OD)

C/H no. dy(JinHz)!® d??  HMBC ROESY (selected)
val 1 - 175.3

2 4.44, d (7.6) 50.7 1,3,4,5,6 8b, 38

3 2.16, m 318 2,4,5 38

4 0.97, d (6.6) 193 2,35 37,38

5 1.02, d (7.3) 199 2,34 37,38
N-Me-Phe 6 - 1719

7 5.13,dd(28;123) 630 68,1516 17,18

8a 353,dd(28;142) 353 910,11

8b 2.90, m 9,10, 11 2

9 - 138.4

10 7.33,m 1308 8,914 17,18, 19

11 7.33,m 1308 8,914 17,18, 19

12 7.33,m 1300 9 17,18, 19

13 7.33,m 1300 9 17,18, 19

14 7.25,m 1280 10,11 17,18, 19
N-Me 15 2.90, s 314 7,16 17,18
Thrl 16 - 173.1

17 4.57,d (7.6) 56.4 16, 18,19,20,24 7,10,11, 12, 13,

15, 24
18 3.66, m 66.9 17,19 7,10, 11, 12, 13,
14, 15, 24

19 0.42,d (6.3) 19.7 17,18 10, 11, 12, 13, 14
Ahp 20 - 171.6

21 465,dd (6.3;123) 51.0 20,22, 25 22b, 23b

22a 2.81, m 222 21,24

220 1.91, m 20, 24 21

23a 2.06, m 30.8 24

23b 1.88, m 21, 24 21, 24

24 5.31, brs 771 17,20,22 17, 18, 23a, 23b
Hphe 25 - 174.1

26 4.35, brd (9.1) 547 25

27a 2.49, m 334  26,28,29

27b 2.01, m

28a 2.80, m 331  26,27,29,30,31 37

28b 2.66, m 26, 27, 29, 30, 31

29 - 142.1

30 7.22,d(7.3) 129.7 34

31 7.22,d(7.3) 129.7 34

32 7.30,t(7.3) 1295 29

33 7.30,t (7.3) 1295 29

34 7.20,t(7.3) 127.1 30,31
Thr2 35 - 171.6

36 4.83, brs 573  35,37,38,39

37 5.64, q (6.6) 735  1,35,38 4,5, 28a

38 1.46, d (6.6) 188 36,37 2,3,4,5
Ser 39 - 173.2

40 4.70,t (5.4) 56.8  39,41,42

41a 4,02,dd (5.4;11.0) 633 39,40

41b 3.93, dd (5.4; 11.0) 39, 40




Pro

Ba

42
43
44a
44h
45a
45b
46a
46b
47
48a
48b
49
50

456, m
2.29, m
2.16, m
211, m
201, m
371, m
3.63, m

241, m
2.28, m
1.69, m
1.01,t(7.3)

174.9
61.3
30.9
25.9
48.8

174.6
37.3

19.2
14.2

42,44, 45, 46
43, 45, 46
43, 45, 46
43, 44, 46
43, 44, 46
43, 44, 45
43, 44, 45

47, 49, 50
47, 49, 50
47,48, 50
48, 49

48a
48a

463, 46b

[a] assignments are based on extensive 1D and 2D NMR measurements (HMBC, HSQC, COSY).

Table S6: NMR Spectroscopic data of compound 8 (300/500 MHz, CD3;0OD)

C/H no. dy(JinHz)? dd® HMBC ROESY (selected)
lle 1 - 175.2

2 4.73,d(6.3) 57.4 1,3,4,5,6 8b

3 2.00, m 38.1 2,4,5,51

4a 1.44, m 27.5 2,3,5,51

4b 1.28, m 2,3,5,51

51 1.00, m 11.5 3,4

5 0.92, d (6.6) 15.8 2,3,4 37
N-Me-Phe 6 - 171.9

7 5.14,dd (2.8; 12.0) 63.0 6,8,9, 15,16 17,18

8a 351,dd (2.8;14.2) 354 7,9,10, 11

8b 2.88, m 7,9, 10, 11 2

9 - 138.8

10 7.33,m 1309 8,914 17,18, 19

11 7.33,m 1309 8,9 14 17,18, 19

12 7.33,m 1300 9 17, 18, 19

13 7.33,m 1300 9 17,18, 19

14 7.25,m 1280 10,11 17,18, 19
N-Me 15 2.89, s 31.4 7,16 17,18
Thrl 16 - 173.2

17 4.56,d (7.3) 56.2 16, 18,19, 20,24 7,10, 11, 12, 13, 14,

15, 24
18 3.63, m 67.0 17,19 7,10, 11, 12, 13, 14,
15, 24

19 0.42,d (6.3) 19.6 17,18 10, 11, 12, 13, 14
Ahp 20 - 171.7

21 4.65,dd (6.6; 12.3) 51.0 20, 22, 25 22b, 23b

22a 2.78, m 22.3

22b 1.92, m 24 21

23a 2.06, m 30.8 24

23b 1.88, m 21,24 21,24

24 5.32, brs 77.1 17, 20, 22 17, 18, 233, 23b
Hphe 25 - 173.9

26 4.39, brd (9.5) 54.5 25

27a 249, m 33.4 28




27b
28a
28b
29
30
31
32
33
34
Thr2 35
36
37
38
Ser 39
40
41a
41b
Pro 42
43
44a
44b
45a
45b
46a
46b
Ba 47
48a
48b
49
50

2.00, m
279, m
264, m

7.22,d (7.3)
7.22,d(7.3)
7.29,1(7.6)
7.29,1(7.6)
7.20, 1 (7.6)

4.82, brs
5.62, q(6.6)
1.45, d (6.6)

4,69, t (5.4)

3.98, dd (5.4; 11.0)
3.91, dd (5.4; 11.0)

455, m
2.29, m
2.16, m
213, m
2.01, m
3.7, m
3.63, m

240, m
2.27, m
1.69, m
1.01, m

33.0

142.2
129.7
129.7
129.5
129.5
127.1
171.6
57.3
73.6
18.7
173.2
56.8
63.3

174.9
61.3
30.9
25.9
48.8

174.6
37.3

19.2
14.2

26, 27, 29, 30, 31
26, 27, 29, 30, 31

28,34
28,34
29
29
30, 31

35, 37, 38, 39
1, 35,38
36, 37

39, 41, 42
39, 40
39, 40

42, 44, 45
42, 43, 45, 46
42, 43, 45, 46
43, 44, 46
43, 44, 46
44, 45

44, 45

47, 49, 50
47, 49, 50
47,48, 50
48, 49

37

5, 28a

48a
48a

463, 46b

[a] assignments are based on extensive 1D and 2D NMR measurements (HMBC, HSQC, COSY).



Figure S1: A) *H NMR spectrum of 1 (MeOD; 500 MHz)

Figure S1: B) 13C NMR spectrum of 1 (MeOD; 125 MH2)
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Figure S1: D) COSY spectrumof 1 (MeOD; 500 MHz)
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Figure S1
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Figure S1: F) ROESY spectrum of 1 (MeOD; 500 MHZz)
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Figure S2: A) *H NMR spectrum of 2 (MeOD; 300 MHz)

L

7 6 5 4 3

2 1 0 ppm
Figure S2: B) 13C NMR spectrum of 2 (MeOD; 75 MH2)
‘ \
l7|0 l(ISO 15|0 14|fO 13|0 12|0 llIO l(l)O 9|0 8|0 7IO 6IO 5|0 4|0 3IO 2|0 lIO ppn

14



Figure S3: *H NMR spectrum of 3 (MeOD; 500 MHz)
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Figure S5: A) *H NMR spectrum of 5 (MeOD; 500 MHz)

Figure S5: B) 13C NMR spectrum of 5 (MeOD; 125 MH2)
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Figure S5: C) HSQC spectrumof 5 (MeOD; 500 MHz)
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Figure S5: D) COSY spectrum of 5 (MeOD; 500 MHz)
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Figure S5: E) HMBC spectrum of 5 (MeOD; 500 MHz)
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Figure S5: E) HMBC spectrum of 5 (MeOD; 500 MHz)
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Figure S5: F) ROESY spectrum of 5 (MeOD; 500 MHZz)
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Figure S6: A) *H NMR spectrum of 6 (MeOD; 300 MHz)
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Figure S6: B) 13C NMR spectrum of 6 (MeOD; 75 MH2)
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Figure S7: A) *H NMR spectrum of 7 (MeOD; 500 MHz)
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Figure S7: B) 13C NMR spectrum of 7 (MeOD; 75 MHz)
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Figure S8: A) *H NMR spectrum of 8 (MeOD; 500 MHz)
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Figure S8: B) 13C NMR spectrum of 8 (MeOD; 75 MH2)
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Figure SO: Selective ROESY experiments for determination of the relative configuration of
Hmp (compound 1, MeOD, 500 MHz).
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Figure S10: Determination of the absolute configuration of the unusual amino acid Hmp after
derivatisation (advanced Marfey’s method) of a hydrolysate of compound 1. Shown are the
LC-MS runs (extracted ions in the negative mode 438.0-438.5) of the L-FDLA-Hmp adduct
(upper chromatogram) and of a mixture of L-FDLA-Hmp and D-FDLA-Hmp adducts (lower
chromatogram).
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Figure S11: Chird GC-MS run of the derivatised hydrolysate of compound 1. The extracted
ions are El+ 166.20 for citrulline, El+ 342.20 for N-methyl-tyrosine, El+ 182.30 for
isoleucine/ leucine and El+ 168.20 for valine. These values are deduced from comparison
with standard amino acids. Retention times of standards: L-Cit 33.24 min, D-Cit 32.90 min,
L-l1le 16.30 min, D-lle 15.88 min, L-allo-l1le 15.97 min, Dallo-lle 15.47 min, L-Leu 18.04
min, D-Leu 17.22 min, L-Va 14.01 min, D-Val 13.54 min, L-N-Me-Tyr 32.46 min, D-N-Me-

Tyr 32.50 min.
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Figure S12: Relative activity of HLE in the presence crude extract (MeOH/DCM: 1/2) of
Nostoc insulare (noi); determined 1Cso vdue = 9.0 £ 0.6 pg/mL. The data are mean values of
duplicate measurements.
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Table S7: Relative HLE activities (%) or 1Cso values (ug/mL) of the VLC derived fractions
of a crude extract (MeOH/DCM: 2/1) of Nostoc insulare Values with standard error were
calculated from duplicate experiments at five different concentrations, those without standard
error are values from duplicate experiments at a single concentration of 10 pg/mL.

fraction rel. enzyme act. (%) or ICsp (pg/mL )&
noi b 9.7 + 0.8 pg/mL
noi ¢ 98 %
noi d 112 %
noi e 91 %
noi f 91 %
noi g 113 %
noi h 47 %
noi i 1.7+0.1 pg/mL

[a] The last two fractions were purified to yield compounds 1-8. The active fraction noi bwas not further
purified due to not promising LC-MS results and the low weight of the fraction. HPLC-MS (ESI) measurements
were conducted employing an Agilent 1100 Series HPLC including DAD (250 nm), with reversed phase Gg
column (Macherey-Nagel Nucleodur 100, 125 mm x 2 mm, 5 um) coupled with an APl 2000, Triple
Quadrupole, LC/MS/MS, Applied Biosystems/MDS Sciex and ESI source. Solvent system: from MeOH/H,O
10/90 to MeOH/H,O 100/0 in 20 min, MeOH 100 % for 10 min, with added NH4Ac, 2 mmol.
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Figure S13: Incubation experiments to determine the activity of HLE in the presence (- ) and
absence (?) of compound 4. To 900 pL of assay buffer (50 mm sodium phosphate buffer, 500
mM NaCl, pH 7.8) 20 puL of a HLE solution (50 pg/mL) and 80 pL of a solution of 4 (50 v
in DMSO) or 80 uL DMSO were added. The mixtures were incubated at 25 °C and aliquots
of 50 uL were added in a cuvette containing 894 uL of assay buffer and 50 pL of a solution of
MeOSuc-Ala-Ala-Pro-Va-NHNp (2 mv in assay buffer with 10 % DMSO) and 6 uL DM SO.
Final concentrations were as follows: 50 ng/mL HLE, 100 m MeOSuc-Ala-Ala-Pro-Val-
NHNp, 200 nv compound 4 and 1.5 % DM SO. Reactions were followed at 25 °C for 10 min

at 405 nm. The data are mean values of duplicate measurements.
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Figure S14: Alignment NoiN 1 with NosA
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi)

gb| AAF15891. 2| AF204805_1 NosA [Nostoc sp. GSV224]
Lengt h=4379

Score = 421 bits (1081), Expect = 5e-116, Method: Conpositional natrix adjust.

Identities = 213/353 (60%, Positives = 257/353 (72%, Gaps = 28/353 (7%

Query 1 AGGAYVPLDPNYPPERL NYMWADSQVSVI LTHSSLLPHLSATLQQAQTKI | CWDRDI ETI - 60
AGGAY+PLDP YP ERL++M+ D+Q+SV+LT  LL L+ QQK++C DD + |
Sbj ct 3808 AGGAYLPLDPEYPTERLHFM_EDAQVSVLLTQUKLLDRLA- - - - QHQAKLVCLDTDWQLI 3863

Query 61 ASQELDNPI NSVQPANLAYVI YTSGSTGQPKAVLI QHSAL LNLLFWALNNFEVKLSDRAT 120
+ S DNI Q ANLAYVI YTSGSTGQPK VLI H LLNL+FWH N F++  D+AT
Sbjct 3864 SQSSCQDNLI TETQAANLAYVI YTSGSTGQPKGVLI AHQGLLNLVFWHONTFKI TTLDKAT 3923

Query 121  QLAGTAFDAAVWELWPYLWGAS| YLMKSEFLLSPKTLQEQLI SONI TI SFI PTPLAEKL 180
QLAGTAFDAAWELWPYL GASI YL+KSEFL S L++ LI S+ | TI SF+PTPLA++L
Sbjct 3924 QLAGTAFDAAVWELWPYLTAGASI YLVKSEFLSSLVKLRDW.I SKKI Tl SFLPTPLAQEL 3983

Query 181 CLLAWP- ENTALRTI LTGGEDKLNYYPSETLPFKFFNNYGPTENTWTTSVQ LPGKFASK 239
L WP E+ ALRTILTGEKL+ YPS+ +P + NNYGPTENTWTTS ++ +
Sbjct 3984 LSLEWPTESLALRTI LTGGDKLHQYPSDLVPSQLVNNYGPTENTWTTSGLWAKECDQ 4043

Query 240 LPPI GRPI ANTQVYI LDRYLQPVPVGVPGELH GGVGLARGYLNRPELTAEKFI SHPFQA 299
P IGR IANTQ+YI LD LQ VP+G+PGELH GVGALA+GYLNRPELT EKFI +PF+
Sbjct 4044 SPSI GRAI ANTQ YI LDNNLQLVPI G PGELHI AGVGLAKGYLNRPELTTEKFI PNPFKR 4103

Qery 300  NY----socomomaaaiaoas KLYKTGDLARYLPDGNVEFLGRI ETRLK 329
+ +LYKTGDLARYLPDGNH+E+LGRI + ++K
Shjct 4104 SREAGEQGSRGAKI LPNSQSLVPSPRLYKTGDLARYLPDGN EYLGRI DNQVK 4156
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Figure S15: Alignment NoiN1 with NosC
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi)

gb| AAF17280. 1] NosC [Nostoc sp. GSV224]
Lengt h=3317

Score = 418 bits (1074), Expect = 3e-115, Method: Conpositional natrix
Identities = 211/ 345 (61%, Positives = 252/345 (73%, Gaps = 20/ 345 (5%

Query 1 AGGAYVPLDPNYPPERLNYMVADSQVBVI LTHSSLLPHLSATLQQAQTKI | CADRDI ETI
AGGAY+PL +YP ERL M+ D+Q+SV+LT L+ L Q +C DD+ I
Shjct 605 AGGAYLPLASDYPTERLRLM_EDAQVSVLLTQXKLI DRLPEHTAQR- - - - VCLDADWVI

Query 61  ASQSLDNPI NSVQPANLAYVI YTSGSTGQPKAVLI QHSALLNLLFWHLNNFEVKL SDRAT
+ SDNI Q NLAYVIYTSGSTGPK VLI H LLNL+FWH F++  D+AT
Sbjct 661 SQLSQDNLI PETQATNLAYVI YTSGSTGQPKGVLI AHQGLLNLVFWHQRTFKI TTLDKAT

Query 121 QAGTAFDAAWELWPYLVWGASI YLMKSEFLLSPKTLQEQLI SONI TI SFI PTPLAEKL
QLAGTAFDAAVWEELWPYL  GASI YL+K E LLSP LQ+ L S+ | Tl SF+PTP+AE+L
Sbjct 721 QLAGTAFDAAWELWPYLTAGASI YLVKPEI LLSPVDLQDW.ESKKI Tl SFLPTPMAEQL

Query 181 CLLAWPENTALRTI LTGEDKLNYYPSETLPFKFFNNYGPTENTWTTSVQ LP- GKFASK
L WPE+T LRT+LTGCEDKL+ YPS LPF+ NNYGPTENTWHTS ++ G+ +
Sbjct 781 LSLEWPESTTLRTM.TGCDKLHRYPSGLLPFQVWNNYGPTENTWWSTSGLVVSNGRDNNI

Query 240 LPPI GRPI ANTQVYI LDRYLQPVPVGVPGELH GEVGEARGYLNRPEL TAEKFI SHPFQA
PPl GRPI AN ++YI LD YLQPVPVGVPGELH GG GLARGYLNRP+LT EKFI S+PF+

Sbjct 841 SPPI GRPI ANVEI YI LDSYLQPVPVGVPGELHI GGAGLARGYLNRPQLTQEKFI SNPFKR
Query 300 NY--------oonnn-- KLYKTGDLARYLPDGNVEFLGRI ETRLK 329
+ +LYKTGDLARYLPDG +E+LGRI + ++K

Sbjct 901 SRGAGEQRSRGETFNSNRLYKTGDLARYLPDGTI EYLGRI DNQVK 945

Figure S16: Alignment NoiF with NosF
(http://www.nchi.nlm.nih.gov/blast/Blast.cgi)

-
> gb| AAF17284. 1] NosF [Nostoc sp. GSV224]
Lengt h=273

Score = 499 bits (1284), Expect = le-139, Method: Conpositional matrix
Identities = 247/ 272 (90%, Positives = 254/272 (93%, Gaps = 0/272 (0%

Query 1 LEDLQ AFI GGGTMGEM | SRLLSTKI VEKPDLI | VSEPLSTRCLHLEREYGVRTTTSNI
LEDLQ AFI GGGTMEEM | SRLLSTKI'V K DLI | VS+P+S RCLHLEREYGVRTTTSNI
Sbjct 2 LEDLQ AFl GGGTMGEM | SRLLSTKI VPKADLI | VSDPVSARCLHLEREYGVRTTTSNI

Query 61  EAVQGASI VI LAVKPQVLVEVMAM_KDKI SPDTLVI Sl VGGVSI PSLCQGLNHSAWRTM
EAV G SI VI LAVKPQ+L EV+ MLKDKI P+ LVISIV G SI SLOQENH AWRTM

Sbjct 62 EAVLGVSI VI LAVKPQ LAEVLGVMLKDKI PPNALVI SI VSGASI SSLCQE.NHPAVWRTM

Query 121 PN AVQVGHGTTVWBSSPSVTQ QRSHTQAI LQAL GKEFVTCNEHYL DVATAL SSAGTGF
PNl AVQVGHGTTWB+S SVT+ QRSHTQ | LQALGKEF TQNEHYL DVATAL SSAGTGF
Sbjct 122 PN AVQVGHGTTVWBASSSVTEI QRSHTQ | LQAL GKEFATQNEHYL DVATAL SSAGTGF

Query 181 VFLYI EAM DAGVQMELTRTQAQELTLHTI AGSVEL M-QTDEHPAVLRNKVTSPGGVTAA
VFLYI EAM DAGVQMELTRTQAQELTLHTI AGSVELMFQT  EHPAVLRNKVTSPGGVTAA
Sbjct 182 VFLYI EAM DAGVQMELTRTQAQEL TLHTI AGSVELMFQTHEHPAVLRNKVTSPGGVTAA

Query 241 GLYELEKGGWRTVI SNAVLTALSRTQQLGNIS 272
GLYELEKGGVRTVI SNAVL ALSRTQQLGNI S
Sbjct 242 CGLYELEKGGWVRTVI SNAVLAALSRTQQLGNIS 273
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Figure S17: Alignment NoiF with NcpE (NcpE is responsible for the last step of the
biosynthesis of (2S, 4S5)-4-methylproline in nostocyclopeptide A1-2 (J. E. Becker, R. E.
Moore, B. S. Moore, Gene 2004, 325, 35-42)
(http://www.nchi.nlm.nih.gov/blast/Blast.cgi)

gb] AAO23328.1] NcpE [Nostoc sp. ATCC 53789]
Lengt h=273

Score = 471 bits (1213), Expect = 2e-131, Method: Conpositional matrix adjust.
ldentities = 233/270 (86%, Positives = 246/270 (91%, Gaps = 0/270 (0%

Query 1 LEDLQ AFI GGGTMGEM | SRLLSTKI VEKPDLI | VSEPLSTRCLHLEREYGVRTTTSNI 60
LEDLQ AFI GGGTMEEM ++RLLSTKI V KPDLI | VS+P+S RCLHLE EYGY TTT N
Shjct 2 LEDLQ AFl GGGTMGEM VARLLSTKI VPKPDLI | VSDPVSARCLHLESEYGVSTTTCNI 61

Query 61  EAVQGASI VI LAVKPQUVLVEVMANLKDKI SPDTLVI S| VGGVSI PSLCQELNHSAWRTM 120
EAV GASI VI LAVKPQUL EV+A+LK KI SPD LVI SIV G SI P LC+GLNH AWRTM
Sbjct 62  EAWGASI VI LAVKPQUAEVLAI LKGKI SPDALVI S| VSGASI PYLCEGLNHPAWRTM 121
Query 121 PN AVQVGHGTTVWSSSPSVTQ QRSHTQAI LQAL GKEFVTQNEHYLDVATALSSAGTGF 180
PNI AVQVGHGTTW\B+S SVT+l QRSHTQ | LQALGKEF TQNEHYL DVATAL SSAGTGF
Sbjct 122 PN AVQVGHGTTVWBASSSVTEI QRSHTQVI LQAL GKEFPTQNEHYLDVATALSSAGTGF 181
Query 181 VFLYI EAM DAGVQMAL TRTQAQEL TLHTI AGSVELMFQTDEHPAVLRNKVTSPGGVTAA 240
+FLYI EAM DAGVQVGL TRTQAQEL TLHTI AGSVELMFQTDEH + L + TSPGGVTA
Sbjct 182 | FLYI EAM DAGVQVGLTRTQAQEL TLHTI AGSVELMFQTDEHASSL TKQGTSPGGVTAY 241
Query 241 GLYELEKGGVRTVI SNAVLTALSRTQQLGN 270

GLYELEKGGVRT+I SNAVL ALSRTQQLG
Sbhjct 242 CGLYELEKGGVRTLI SNAVLAALSRTQQLGT 271

Figure S18: Biosynthesis of MePro ((2S, 49)-4-methyl-proline; H. Luesch, D. Hoffmann, J.
M. Hevdl, J. E. Becker, T. Golakoti, R. E. Moore, J. Org. Chem. 2003, 68, 83-91) and
proposed biosynthesis of HmMp ((2S, 3R, 4R)-3-hydroxy-4-methyl-proline). MeP5C = (3S, 5S5)-

3-methyl- ?1-pyrroline-5-carboxylic acid.
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