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GLIG-280911-10-PGY-A 
 Penicillium citrinum 

Diseased octocoral - Eunicea sp. 
(Isla grande, Colon, Panama)  

Supplement Figure 1. Corals from Panama waters as source of OT59 and P. citrinum 

b

Soft coral - Leptogorgia alba 
(Isla Otoque, Panama) 

OT59  Pseudoalteromonas 

a

Supplement Figure 2. Interaction of OT59 (left) and A. fumigatus (right) at various 
irradiance levels 

No light 323 µE m-2 s-1 149 µE m-2 s-1 66 µE m-2 s-1 
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Supplement Figure 3. Fungal inhibition by OT59 in (a) dark and (b) under light 
exposure (149 µE m-2 s-1) 

a Petri dish with OD 10 cm, all others have an OD of 5 cm 

b 

a 

4 

a 

a 

P. citrinuma              A. fumigatus F0075         A. fumigatus Af293       A. flavus NRRL 3357           A. oryzae RIB40 

Trichoderma virens CNL910   Acremonium CNC890      Fusarium CNL292       Fusarium CNT021F 

A. terreus FGSC A1156    A. nidulans FGSC A4       A. niger NRRL 3           A. versicolor F0073  P. chrysogenum ATCC 28089 

Trichoderma virens CNL910   Acremonium CNC890      Fusarium CNL292       Fusarium CNT021F 

A. terreus FGSC A1156    A. nidulans FGSC A4       A. niger NRRL 3           A. versicolor F0073  P. chrysogenum ATCC 28089 

P. citrinuma              A. fumigatus F0075         A. fumigatus Af293       A. flavus NRRL 3357           A. oryzae RIB40 

a Petridish with OD of 10 cm, all others 5 cm 



Supplement Figure 4. MS/MS network analysis of OT59 and P. citrinum extracts. In MS/MS networking 
molecules are subjected to fragmentation and visualized as nodes (circles) while the relatedness of each node is 
defined by an edge (lines). The thickness of the edge defines the degree of similarity of the MS/MS spectra. 
Compounds that belong to the same molecular family will have very similar MS/MS fragmentation patterns and 
will form a cluster in the network.  For details on this technology see Watrous et al. 1 

 Nodes in dark green represent metabolites only found in extract of P. citrinum; in light green are 
metabolites found in both the side-by-side growth of P. citrinum and Pseudoalteromonas as well as the P. 
citrinum grown alone; red nodes represent metabolites found only in Pseudoalteromonas; in orange metabolites 
found in Pseudoalteromonas and it’s side-by-side  interaction with P. citrinum. Grey nodes represent metabolites 
found in any combination of 2 or more extracts; pink nodes relate to metabolites that are only found in the side-
by-side interaction of Pseudoaltermonas and P. citrinum; light blue nodes correspond to purchased citrinin; and 
dark blue nodes represent metabolites found in both the crude extract of the side-by side interaction of 
Pseudoaltermonas and P. citrinum and commercial citrinin. The various metabolite classes are boxed and 
indicated with a letter. (A) alteramides (B) estatins (C) citrinin (D) bromoalterochromides (E) citrinadins 5 

Key: Key: 



Supplement Figure 5. (a) HPLC comparison at 280 and 254 nM of  extract from OT59 
grown in dark vs under constant light exposure at 149 µE m-2 s-1  (b) UV chromatograms of 
alteramides A (m/z 511),alteramide B (m/z 495) and alteramide congener (m/z 477) 

m/z 511 m/z 495 m/z 477 

b 

a 
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Supplement Figure 6. Example pairs of minimized conformations of 
alteramide A (3) that correlate with the NOEs observed in NMR. (a) and (b) 
minimized conformations associated with alteramide A (3) in the E tautomer 
that together account for NOEs observed and (c) and (d) minimized 
conformations associated with alteramide A (3) in the Z tautomer that together 
account for NOEs observed. Many additional conformations were found within 
20 Kcal mol-1 energy threshold. (see Supplemental Methods) 

a b 

c d 
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Supplement Figure 7. Lawn assay assessing inhibition of P. citrinum by purified 
alteramides  

5 µg 

10 µg 

blank 

20 µg 

Alteramide A (3) Alteramide B (4) 
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Intramolecular 
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Supplement Figure 8.  Comparison of citrinin and desferrichrome produced by 
(i) P. citrinum (bottom) in interaction with Peudoaltermonas OT59 (top), (ii) P. citrinum 
control, or (iii) P. citrinum in interaction with alteramide A (indicated as a dashed circle). 
Tested in the (a) dark, (b)12 h dark / 12 h light cycle, (c) light (149 µE m-2 s-1), (d) dark. 
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Supplement Figure 9.  Comparison of estatin fungal ions produced by (i) P. citrinum 
(bottom) in interaction with Pseudoaltermonas OT59 (top) or (ii) P. citrinum control. 
Tested in the (a) dark or (b) under light exposure (149 µE m-2 s-1) 

m/z 392
estatin A

m/z 408
estatin B

a b
i ii i ii
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Supplement Figure 10. Evolutionary realtionships of 16S rRNA gene (A) and 60 
kDa chaperonin gene (B) OT59 strain. The evolutionary history was inferred using 
the Neighbor-Joining method.2 The percentage of replicate trees in which the 
associated taxa clustered together in the bootstrap test (1000 replicates) are 
shown next to the branches. The evolutionary distances were computed using the 
Kimura 2-parameter method.3 The scale bar represents the number of nucleotide 
substitutions per site. Evolutionary analyses were conducted in MEGA5.4   
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 AF082562 Pseudoalteromonas elyakovii
 X82146 Pseudoalteromonas nigrifaciens
 AF082564 Pseudoalteromonas distincta
 NZ ADOP01000131 Pseudoalteromonas haloplanktis
 AJ417594 Pseudoalteromonas agarivorans
 AY040229 Pseudoalteromonas paragorgicola

 X67024 Pseudoalteromonas haloplanktis
 AY040230 Pseudoalteromonas translucida
 X98336 Pseudoalteromonas antarctica

 NZ AMYA01000118 Pseudoalteromonas sp.
 DQ787199 Pseudoalteromonas arctica

 X82134 Pseudoalteromonas atlantica
 X82143 Pseudoalteromonas espejiana
 NZ APME01000086 Pseudoalteromonas agarivorans

 AF316144 Pseudoalteromonas issachenkonii
 X82136 Pseudoalteromonas carrageenovora

 NZ BADU01000167 Pseudoalteromonas sp.
 NZ AHCF02000019 Pseudoalteromonas undina
 AF214730 Pseudoalteromonas tetraodonis
 X82140 Pseudoalteromonas undina

 AY387858 Pseudoalteromonas aliena
 NZ BADT01000269 Pseudoalteromonas sp.

 AY563031 Pseudoalteromonas marina
 X82135 Pseudoalteromonas aurantia
 X82137 Pseudoalteromonas citrea

 NZ AHBZ02000221 Pseudoalteromonas citrea
 FJ404721 Pseudoalteromonas lipolytica

 DQ011289 Pseudoalteromonas byunsanensis
 FJ754319 Pseudoalteromonas donghaensis

 U85855 Pseudoalteromonas prydzensis
 AJ507251 Pseudoalteromonas mariniglutinosa

 AF332880 Pseudoalteromonas phenolica
 NZ AHCE02000026 Pseudoalteromonas spongiae
 AY769918 Pseudoalteromonas spongiae

 NZ AOPM01000107 Pseudoalteromonas ruthenica
 AF316891 Pseudoalteromonas ruthenica

 X82144 Pseudoalteromonas luteoviolacea
 X82147 Pseudoalteromonas rubra

 AF007286 Pseudoalteromonas peptidolytica
 OT59

 AB090232 Pseudoalteromonas piscicida
 NZ AHCC02000078 Pseudoalteromonas piscicida
 NZ AJMP01000101 Pseudoalteromonas flavipulchra
 NZ AKXJ01000040 Pseudoalteromonas sp.

 AF144036 Pseudoalteromonas maricaloris
 AF297958 Pseudoalteromonas flavipulchra

 AF172987 Pseudoalteromonas ulvae
 X82138 Pseudoalteromonas denitrificans

 NZ CAPN01000053 Pseudoalteromonas luteoviolacea
 NZ AAOH01000015 Pseudoalteromonas tunicata

 Z25522 Pseudoalteromonas tunicata
 AB545807 Psychrosphaera saromensis
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 NZ AMYA01000006 Pseudoalteromonas sp.

 NZ ADOP01000009 Pseudoalteromonas haloplanktis

 NZ BADY01000159 Pseudoalteromonas sp.

 NZ BADT01000003 Pseudoalteromonas sp.

 NZ BADV01000006 Pseudoalteromonas sp.

 NZ AHBY02000116 Pseudoalteromonas arctica

 CR954246 Pseudoalteromonas haloplanktis

 AJ243594 Pseudoalteromonas haloplanktis

 NZ AHCF02000003 Pseudoalteromonas undina

 CP001796 Pseudoalteromonas sp.

 NZ AJTK01000034 Pseudoalteromonas sp.

 NZ BADU01000115 Pseudoalteromonas sp.

 NZ BADW01000099 Pseudoalteromonas sp.

 NZ AHCA01000007 Pseudoalteromonas haloplanktis

 NZ APME01000025 Pseudoalteromonas agarivorans

 NZ AAVS01000001 Alteromonadales bacterium

 NZ AHCB02000010 Pseudoalteromonas marina

 AB057417 Pseudoalteromonas sp.

 NZ BADX01000058 Pseudoalteromonas sp.

 NZ AHCE02000027 Pseudoalteromonas spongiae

 AAOH01000009 Pseudoalteromonas tunicata

 NZ CAPN01000034 Pseudoalteromonas luteoviolacea

 AUSV01000090 Pseudoalteromonas luteoviolacea

 NZ AHBZ02000077 Pseudoalteromonas citrea

 NZ AOPM01000080 Pseudoalteromonas ruthenica

 NZ AHCD02000036 Pseudoalteromonas rubra

 OT59

 NZ AHCC02000121 Pseudoalteromonas piscicida

 ARMY01000075 Pseudoalteromonas piscicida

 AJMP01000041 Pseudoalteromonas flavipulchra

 NZ AKXJ01000003 Pseudoalteromonas sp.

 BANQ01000044 Photobacterium leiognathi

 BACE01000003 Photobacterium leiognathi

 AAOU01000030 Photobacterium sp.

 BAUJ01000033 Vibrio halioticoli

 NZ AFWI01000013 Vibrio tubiashii

 NZ AHHF01000081 Vibrio tubiashii

 AOMR01000026

 NZ AFWH01000014 Vibrio orientalis

 NZ ACZV01000003 Vibrio orientalis

 NZ AFWG01000045

 NZ AJZG01000057 Vibrio splendidus

 NZ AJZF01000055 Vibrio splendidus
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OT59_In_75%_MeOH_25%H2O_0o5%FA_11_FT01_50K_845mz_IW8_MS2 #62-158 RT: 0.73-1.93 AV: 97 NL: 2.59E5
T: FTMS + p NSI Full ms2 845.00@cid0.00 [230.00-2000.00]
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Supplement Figure 11. FT- MS2 of bromoalterochromide A/A’ (1) m/z 8445 
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OT59_In_75%_MeOH_25%H2O_0o5%FA_11_FT01_50K_845mz_IW6_MS2_460mz_IW2_MS3 #74-274 RT: 1.02-3.84 AV: 201 NL: 1.77E4
T: FTMS + p NSI Full ms3 845.00@cid35.00 460.00@cid35.00 [125.00-2000.00]
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Supplement Figure 12. FT- MS3 of fragment m/z 459 from bromoalterochromide A/A’ (1)  
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012712_4-110OT59f5_922_FT922 #45-121 RT: 0.98-2.68 AV: 77 NL: 2.16E4
T: FTMS + p NSI Full ms2 924.00@cid0.00 [250.00-1200.00]
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Supplement Figure 13. FT- MS2 of dibromoalterochromide A/A’ 5 (2) 
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Di-Bromo_946mz_Fraction17_FT01_50K_928mz_IW10_MS2 #224-287 RT: 7.30-11.92 AV: 64 NL: 1.01E3
T: FTMS + p NSI Full ms3 928.00@cid35.00 461.00@cid35.00 [125.00-2000.00]
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Supplement Figure 14. FT- MS3 of fragment m/z 459 from dibromoalterochromide A/A’  (2)  

MS3 of  m/z 459 from dibromoalterochromide A/A’ 
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C29H39N2O6 
[M+H]+ Calcd.: 511.2808 
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Supplement Figure 15. FT-MS2 of  alteramide A (3) 
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FR26minAlteramdieA_FT511_2 #41-134 RT: 1.34-4.47 AV: 94 NL: 1.94E3
T: FTMS + p NSI Full ms2 511.00@cid0.00 [140.00-700.00]
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FractionC7_14_FT477 #18-82 RT: 0.41-1.96 AV: 65 NL: 1.84E5
T: FTMS + p NSI Full ms2 478.00@cid0.00 [130.00-600.00]
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FractionBfrom5-26-1_FT495 #23-59 RT: 0.39-1.03 AV: 37 NL: 1.41E6
T: FTMS + p NSI Full ms2 496.00@cid0.00 [135.00-600.00]
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Chemical formula: C29H38N2O6 
[M+H]+ Calcd.: 511.2808 
[M+H]+ Found: 511.2794 
! = - 2.7 ppm 

Chemical formula: C29H38N2O5 
[M+H]+ Calcd.: 495.2853 
[M+H]+ Found: 495.2830 
! = - 4.6 ppm 

Chemical formula: C29H36N2O4 
[M+H]+ Calcd.: 477.2748 
[M+H]+ Found: 477.2732 
! = - 3.3 ppm 

m/z 477 alteramide congener 

alteramide B 

alteramide A 

Supplement Figure 16a. Comparison of FT-MS2 spectra of alteramides in OT59 extract 
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OT59_fungal_pg2-123_F5_FT511_35 #1-32 RT: 0.00-0.54 AV: 32 NL: 7.94E5
T: FTMS + p NSI Full ms2 511.00@cid35.00 [140.00-2000.00]
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Supplement Figure 16b. Comparison of FT-MS2 spectra of photocyclized alteramide A (5) and 
alteramide B (6)  

Chemical formula: C29H38N2O6 
[M+H]+ Calcd.: 511.2803 
[M+H]+ Found: 511.2789 
! = - 2.7 ppm 

Chemical formula: C29H38N2O5 
Calcd.: 495.2853 
Found: 495.2841 
! = - 2.4 ppm 
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OT59_fungal_pg2-122_F9__FTfullscan_495_35 #1-42 RT: 0.00-0.71 AV: 42 NL: 2.07E6
T: FTMS + p NSI Full ms2 495.00@cid35.00 [135.00-2000.00]
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InterfaceAleramidePcitrNBUOH_ITdd #5-10 RT: 0.04-0.07 AV: 2 NL: 7.91E4
T: Average spectrum MS2 251.20 (5-10)
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Supplement Figure 17a. IT-MS2 of citrinin6 (7) 
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O C13H14O5 
[M+H]+ obs 251.0921 
[M+H]+ cal 251.0919 
! = + 0.8 ppm 

(sterochemistry not determined in this study) 
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20131121_Citrinin_100-700 #2-8 RT: 0.01-0.10 AV: 2 NL: 1.43E7
T: ITMS + c NSI d Full ms2 251.12@cid35.00  [55.00-515.00]
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[M+H]+ obs 251.0914 
[M+H]+ cal 251.0919 
! = -1.9 ppm 

Standard citrinin (Sigma-Aldrich) 

Citrinin detected in nBuOH extract of P. citrinum 

(7) 



20131121_Citrinin_100-700 #3-10 RT: 0.02-0.12 AV: 2 NL: 9.23E5
T: ITMS + c NSI d Full ms2 233.11@cid35.00  [50.00-480.00]
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Supplement Figure 17b. IT-MS3 of m/z 233 fragment of citrinin (7) 

ITall_ITDD #16-22 RT: 0.08-0.11 AV: 2 NL: 2.91E4
T: ITMS + c NSI d Full ms2 233.21@cid35.00  [50.00-480.00]
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[M+H]+ obs 233.0814 
[M+H]+ cal 233.0814 
! = + 0 ppm 

C13H12O4 
[M+H]+ obs 233.0809 
[M+H]+ cal 233.0814 
! = -2.1 ppm 

IT-MS3 of standard citrinin (Sigma-Aldrich) 

IT-MS3 of citrinin detected in nBuOH extract of P. citrinum 
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Pcitr_nbUOH_FA_FT392 #1-51 RT: 0.00-1.68 AV: 51 NL: 5.88E3
T: FTMS + p NSI Full ms2 392.00@cid0.00 [105.00-500.00]
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Supplement Figure 18a. FT-MS2 of estatin A (8) (m/z 392) 

C18H25N5O5 
[M+H]+ obs 392.1923 
[M+H]+ cal 392.1928 
! = - 1.3 ppm 

-NH3 
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-CO 

C17H24N3O5 
[M+H]+ obs 350.1707 
[M+H]+ cal 350.1710 
! = - 0.9 ppm 

C14H23N5O 
[M+H]+ obs 278.1973 
[M+H]+ cal 278.1975 
! = - 0.7 ppm 
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C17H22N3O4 
[M]+ obs 332.1602 
[M]+ cal 332.1605 
! = - 0.9 ppm 

-NH3 
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H2N
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N

N
H O

OH

OO

O

Related Cathestatin A 
Isolated from P. citrinum8 

 

Estatins isolated from: 
Myceliophthora thermophila7 
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pcitr_water_FA_FT408 #1-76 RT: 0.00-2.52 AV: 76 NL: 2.10E3
T: FTMS + p NSI Full ms2 408.00@cid0.00 [110.00-600.00]
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HOSupplement Figure 18b. FT-MS2 of estatin B  (9) (m/z 408) 
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! = - 1.4 ppm 
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[M+H]+ obs 294.1922 
[M+H]+ cal 294.1925 
! = - 1.0 ppm 
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[M]+ cal 348.1554 
! = - 2.0 ppm 
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ITall_FT625 #27-149 RT: 0.74-4.32 AV: 123 NL: 7.37E3
T: FTMS + p NSI Full ms2 625.00@cid0.00 [170.00-800.00]
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[M+H]+ obs 625.3946 
[M+H]+ cal 625.3960 
! = - 2.2 ppm 
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H2O 

Supplement Figure 19a. FT- MS2 fragmentation of citrinadin A9 (10) 
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C27H32N2O4 
[M+H]+ obs 449.2428 
[M+H]+ cal 449.2440 
! = - 2.7 ppm 

C27H32N2O4 
[M+H]+ obs 431.2322 
[M+H]+ cal 431.2335 
! = - 3.0 ppm 
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C27H32N2O4 
[M+H]+ obs 576.3421 
[M+H]+ cal 576.3437 
! = - 2.8 ppm 

C27H32N2O4 
[M+H]+ obs 498.2953 
[M+H]+ cal 498.2968 
! = - 3.0 ppm 

* 

** 

** 

** 

* Stereochemistry was not determined in this study and is displayed as published for citrinadin A and B. 9.10 

** It was not determined to which position the -NMe moiety and the  -OH group eliminated in the ring systems 
23 
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ITall_FT611 #15-137 RT: 0.35-3.39 AV: 123 NL: 7.12E3
T: FTMS + p NSI Full ms2 611.00@cid0.00 [165.00-800.00]
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ITall_FT597 #25-122 RT: 0.81-4.07 AV: 98 NL: 1.39E4
T: FTMS + p NSI Full ms2 598.00@cid0.00 [160.00-800.00]
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citrinadin C 

citrinadin D 

C34H50N4O6 
[M+H]+ obs 611.3791 
[M+H]+ cal 611.3803 
! = - 2.0 ppm 

C33H48N4O6 
[M+H]+ obs 597.3631 
[M+H]+ cal 597.3647 
! = - 2.7 ppm 
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Supplement Figure 19b. FT- MS2 fragmentation of citrinadin C (11) and D (12) 

HN

N

OH

O

O

O

O

NH

O

HN

H

HN

N

OH

O

O

O

O

H2N

O

HN

H

HN

N

OH

O

O

O

H

HN

N

O

O

O

H

C27H32N2O4 
[M+H]+ obs 449.2428 
[M+H]+ cal 449.2440 
! = - 2.7 ppm 

C27H32N2O4 
[M+H]+ obs 431.2322 
[M+H]+ cal 431.2335 
! = - 3.0 ppm 

H2N

N

O

O

O

O

NH

OH

C27H32N2O4 
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[M+H]+ cal 562.3281 
! = - 2.8 ppm 
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[M+H]+ cal 548.3124 
! = - 2.4 ppm 
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[M+H]+ obs 580.3372 
[M+H]+ cal 580.3387 
! = - 2.6 ppm 
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* Stereochemistry was not determined in this study and displayed based on published citrinadin A  and B. 9,10 

** It was not determined to which position the NMe moiety and the  OH group eliminated in the ring systems. 

* 

* 

** 
** 

** 

** 
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ITall_IT597_431 #75-248 RT: 0.55-1.88 AV: 174 NL: 8.04
T: ITMS + p NSI Full ms3 598.00@cid35.00 431.00@cid35.00 [115.00-700.00]
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ITall_IT611_431 #143-264 RT: 0.54-1.08 AV: 122 NL: 9.97E2
T: ITMS + p NSI Full ms3 612.00@cid35.00 432.00@cid35.00 [115.00-700.00]
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ITall_IT625_431 #1-245 RT: 0.00-1.08 AV: 245 NL: 6.23E2
T: ITMS + p NSI Full ms3 626.00@cid35.00 432.00@cid35.00 [115.00-700.00]
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Supplement Figure 20. Comparison of IT-MS3 (m/z 431) of citrinadin A , C and D 
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ITall_FT466 #18-119 RT: 0.57-3.97 AV: 102 NL: 2.37E4
T: FTMS + p NSI Full ms2 467.00@cid0.00 [125.00-800.00]
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C28H40N3O3 
[M+H]+ obs 466.3052 
[M+H]+ cal 466.3064 
! = - 2.6 ppm 

-NH2Me 
-H2O 

Supplement Figure 21a. FT fragmention of m/z 466, deoxygenated citrinadin B (13) 

C28H40N3O3 
[M+H]+ obs 417.2530 
[M+H]+ cal 417.2542 
! = - 2.9 ppm 

contains 1 double bond 

* 

* 

*Spectrum shown to illustrate similarity with other citrinidin analogs. Structures depicted here are 
speculative and further analyses would be required for full annotation. 
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Exact mass 481.2941 
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ITall_ITDD #82-87 RT: 0.43-0.46 AV: 2 NL: 4.06E4
T: ITMS + c NSI d Full ms2 466.49@cid35.00  [115.00-945.00]
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ITall_ITDD #66-69 RT: 0.33-0.35 AV: 2 NL: 2.33E4
T: ITMS + c NSI d Full ms2 482.46@cid35.00  [120.00-975.00]
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Supplement Figure 21b. IT MS2 fragmention of m/z 466 compared to m/z 482 (citrinadin B) 
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desferrichrome #6-16 RT: 0.09-0.33 AV: 2 NL: 8.23E4
T: ITMS + p NSI d Full ms2 688.39@cid30.00  [175.00-1390.00]
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Supplement Figure 22a. IT-MS2 of desferrichrome [M+H]+ 
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1214111_Gd_top_membrane_Ft710 #10-42 RT: 0.29-1.35 AV: 33 NL: 1.52E4
T: FTMS + p NSI Full ms2 710.00@cid0.00 [195.00-900.00]
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Supplemental Table 1.  1H and 13C NMR data of alteramide A (3)  (d4-MeOH) 

Position 13C (ppm) 1H (ppm), mult (J 
(Hz)) 

1H coupled with 13C (HMBC) 

1 168.3 -  
2 122.9 5.75, d (14.9) C-1, C-4 
3 141.9 6.90, dd (11.2, 14.6) C-1, C-4, C-5 
4 129.6 6.05, dd (11.3, 14.7) C-2, C-3, C-6 
5 148.1 5.66, dd (9.5, 14.9) C-3, C-6, C-13 
6 54.0 2.51, m  

7a 44.1 1.92, m C-6, C-8, C-12, C-13 
7b  1.22, m C-5, C-6, C-8, C-9 
8 42.5 2.45, m  

9a 39.8 2.10, m C-7, C-8, C-10, C-11, C-12 
9b  0.93, m C-7, C-8, C-10, C-29 
10 54.3 1.38, m C-11, C-30 
11 48.3 1.33, m C-10, C-12 
12 58.6 2.08, m C-6, C-7, C-8, C-10, C-11, C-14, C-31 
13 57.5 1.59, m C-6, C-8, C-11, C-12, C-14, C-15 
14 78.5 3.88, br t (8.5)  
15 144.4 5.90, br m  
16 132.6 6.16, dd (11.1, 14.1)  
17  nd 7.29, m  
18 128.6 7.06, br m  
19 nd -  
20 nd -  
21 nd -  
22 - -  
23 nd  3.88, m  
24 nd -  
25 72.3 3.99, br d (5.1) C-27 

26a 32.6 1.44, m  
26b  1.37, m  
27a 37.9 3.66, m  
27b  2.80, t (12.5) C-1, C-25, C-26 
28 - -  

29a 27.6 1.63, m C-9, C-10, C-11, C-30 
29b  1.10, m C-9, C-10, C-11 (weak), C-30 
30 12.6 0.89, t (7.0) C-10, C-29 
31 17.9 1.05, d (6.2) C-10, C-11, C-12 

nd = not detected  
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Supplemental Table 2.  1H and 13C NMR Data and NOEs - alteramide A (3) (d4-MeOH) 

Position 13C 
(ppm) 

1H (ppm), mult (J (Hz)) 1H - 1H NOE (NOESY) 

1 168.3 - - 
2 122.9 5.75, d (14.9) H-4 
3 141.9 6.90, dd (11.2, 14.6) H-5 
4 129.6 6.05, dd (11.3, 14.7) H-2, H-6 
5 148.1 5.66, dd (9.5, 14.9) H-3, H-7b (weak), H-13, 
6 54.0 2.51, m H-4, H-7a, H-14 

7a 44.1 1.92, m H-6, H-8 
7b  1.22, m H-5 (weak), H-13 (weak) 
8 42.5 2.45, m H-7a, H-12 

9a 39.8 2.09, m  
9b  0.93, m  
10 54.3 1.38, m H-30, H-31 
11 48.3 1.33, m H-13 (weak) 
12 58.6 2.09, m H-6 (weak), H-8, H-14, H-31 
13 57.5 1.59, m H-5, H-7b (weak), H-11 (weak) 
14 78.5 3.88, br t (8.5) H-6, H-12, H-16 
15 144.4 5.90, br m  
16 132.6 6.16, dd (11.1, 14.1) H-14 
17 nd 7.29, m  
18 128.6 7.06, br m  
19 nd -  
20 nd -  
21 nd -  
22 - -  
23 nd 3.88, m  
24 nd -  
25 72.3 3.99, br d (5.1) H-27b 

26a 32.6 1.44, m  
26b  1.37, m  
27a 37.9 3.66, m  
27b  2.80, t (12.5) H-25 
28 - -  

29a 27.6 1.63, m  
29b  1.10, m  
30 12.6 0.89, t (7.0) H-10, H-11 
31 17.9 1.05, d (6.2) H-10 (weak), H-12, H-29a (weak) 

nd = not detected  
!



Supplement Figure 23. 1H NMR (600 MHz, CD3OD) spectra of alteramide A (3) 
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Supplement Figure 24. COSY(600 MHz, CD3OD) spectrum of alteramide A (3) 
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Supplement Figure 25. TOCSY(600 MHz, CD3OD) of alteramide A (3) 
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Supplement Figure 26a. NOESY(600 MHz, CD3OD, 600 ms) of alteramide A (3) 
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Supplement Figure 26b. NOESY zoom-in (600 MHz, CD3OD, 600 ms) of alteramide A (3) 
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Supplement Figure 27. HSQC (600 MHz, CD3OD) of alteramide A (3) 
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Supplement Table 3. HMBC (600 MHz, CD3OD, 8 Hz) of alteramide A (3) 
Position! 13C (ppm)! 1H (ppm), mult (J (Hz))! 1H coupled with 13C (HMBC)!

1! 168.3! -!
2! 122.9! 5.75, d (14.9)! C-1, C-4!
3! 141.9! 6.90, dd (11.2, 14.6)! C-1, C-4, C-5!
4! 129.6! 6.05, dd (11.3, 14.7)! C-2, C-3, C-6!
5! 148.1! 5.66, dd (9.5, 14.9)! C-3, C-6, C-13!
6! 54.0! 2.51, m!

7a! 44.1! 1.92, m! C-6, C-8, C-12, C-13!
7b! 1.22, m! C-5, C-6, C-8, C-9!
8! 42.5! 2.45, m!

9a! 39.8! 2.10, m! C-7, C-8, C-10, C-11, C-12!
9b! 0.93, m! C-7, C-8, C-10, C-29!
10! 54.3! 1.38, m! C-11, C-30!
11! 48.3! 1.33, m! C-10, C-12!
12! 58.6! 2.08, m! C-6, C-7, C-8, C-10, C-11, C-14, C-31!
13! 57.5! 1.59, m! C-6, C-8, C-11, C-12, C-14, C-15!
14! 78.5! 3.88, br t (8.5)!
15! 144.4! 5.90, br m!
16! 132.6! 6.16, dd (11.1, 14.1)!
17!  nd! 7.29, m!
18! 128.6! 7.06, br m!
19! nd! -!
20! nd! -!
21! nd! -!
22! -! -!
23! nd ! 3.88, m!
24! nd! -!
25! 72.3! 3.99, br d (5.1)! C-27!

26a! 32.6! 1.44, m!
26b! 1.37, m!
27a! 37.9! 3.66, m!
27b! 2.80, t (12.5)! C-1, C-25, C-26!
28! -! -!

29a! 27.6! 1.63, m! C-9, C-10, C-11, C-30!
29b! 1.10, m! C-9, C-10, C-11 (weak), C-30!
30! 12.6! 0.89, t (7.0)! C-10, C-29!
31! 17.9! 1.05, d (6.2)! C-10, C-11, C-12!

-!

nd = not detected! 38 



Supplement Figure 28. HMBC (600 MHz, CD3OD, 8 Hz) of alteramide A (3) 
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Supplemental Table 4.  1H and 13C NMR data of alteramide B (4) (d4-MeOH) 

Position 13C 
(ppm) 

1H (ppm), mult (J (Hz)) 1H coupled with 13C (HMBC) 

1 168.0 - - 
2 122.5 5.74, d (16.0) C-1 (168.0), C-4 (129.3) 
3 141.0 6.85, dd (12.2, 16.0) C-1 (168.0), C-2 (122.5), C-4 (129.3), C-5 (147.2) 
4 129.3 6.04, dd (12.0, 15.8) C-2 (122.5), C-3 (141.0), C-6 (53.3) 
5 147.2 5.62, dd (10.0, 15.8) C-3 (141.0), C-6 (53.3), C-7 (43.5), C-13 (56.5) 
6 53.3 2.48, m C-4 (129.2), C-5 (147,2), C-7 (43.5) (w), C-13 (56.5), C-14 (77.7) 

7a 43.5 1.87, m C-6 (53.3), C-8 (41.7), C-12 (57.9), C-13 (56.5) 
7b  1.18, m C-5 (147.2), C-6 (53.3) C-8 (41.7), C-9 (38.7) 
8 41.7 2.40, m C-7 (43.5), C-11 (47.7) (w), C-12 (57.9) 

9a 38.7 2.04, m C-8 (41.7), C-10 (53.5), C-11 (47.7), C-12 (57.9) 
9b  0.89 m C-7 (43.5), C-8 (41.8), C-10 (53.5), C-29 (27.0) 
10 53.5 1.33, m C-9 (38.7), C-11 (47.7), C-29 (27.0) (weak), C-30 (11.9), C-31 (17.2) 
11 47.7 1.27, m C-10 (53.5), C-12 (57.9), C-13 (56.5), C-29 (27.0), C-31 (17.2) 
12 57.9 2.06, m C-7 (43.5), C-8 (41.7), C-11 (47.7), C-13 (56.5), C-14 (77.7), C-31 (17.2) 
13 56.5 1.53, m C-5 (147.2), C-6 (53.3), C-11 (47.7), C-12 (57.9), C-14 (77.7) 
14 77.7 3.86, m C-6 (53.3), C-13 (56.5), C-16 (131.9) 
15 146.9 5.86, m C-17 (143.7) (weak) 
16 131.9 6.17, dd (12.0, 16.6) C-14 (77.7), C-17 (143.7)  
17 143.7 7.27, dd (12.0, 16.6) C-15 (146.9) (weak), C-16 (131.9) (weak)  
18 nd 7.02, bd (16.6)  
19 nd - - 
20 nd - - 
21 nd - - 
22 - -  
23 61.6 3.77, brs C-24 (197.0) (very weak) 
24 197.0 - - 

25a 26.7 2.03, m  
25b  1.79, m C-26 (21.4), C-27 (39.1) 
26a 21.4 1.46, m  

 
26b  1.06, m  
27a 39.1 3.59, m  
27b  2.52, m C-1 (168.0)  
28 - - - 

29a 27.0 1.58, m C-9 (38.7), C-10 (53.5), C-11 (47.7), C-30 (11.9) 
29b  1.05, m C-9 (38.7), C-10 (53.5), C-11 (47.7 ) (weak), C-30 (11.9) 
30 11.9 0.84, t (7.0) C-10 (53.5), C-29 (27.0) 
31 17.2 0.99, d (7.0) C-10 (53.5), C-11 (47.7), C-12 (57.9) 

nd = not detected  
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Supplemental Table 5.  1H and 13C NMR Data and NOEs - alteramide B (4) (d4-MeOH) 

Position 13C (ppm) 1H (ppm), mult (J (Hz)) 1H - 1H NOE (NOESY) 
1 168.0 - - 
2 122.5 5.74, d (16.0) H-4 
3 141.0 6.85, dd (12.2, 16.0) H-5 
4 129.3 6.04, dd (12.0, 15.8) H-2, H-6 
5 147.2 5.62, dd (10.0, 15.8) H-3, H-13, H-7b 
6 53.3 2.48, m H-4, H-12 (weak), H-14 

7a 43.5 1.87, m H-6, H-8 
7b  1.18, m H-5 (weak) 
8 41.7 2.40, m H-7a, H-12 

9a 38.7 2.04, m H-30 
9b  0.89 m  
10 53.5 1.33, m H-31 (weak) 
11 47.7 1.27, m H-13, H-30 (weak) 
12 57.9 2.06, m H-6 (weak), H-8, H-14, H-31 
13 56.5 1.53, m H-5, H-11, H-15 
14 77.7 3.86, m H-6, H-12, H-16 
15 146.9 5.86, m H-13, H-17 
16 131.9 6.17, dd (12.0, 16.6) H-14, H-18 
17 143.7 7.27, dd (12.0, 16.6) H-15 
18 nd 7.02, bd (16.6) H-16 
19 nd -  
20 nd -  
21 nd -  
22 - -  
23 61.6 3.77, brs H-25a, H-25b 
24 197.0 -  

25a 26.7 2.03, m H-23 
25b  1.79, m H-23, H-27b 
26a 21.4 1.46, m H-27a, H-27b 
26b  1.06, m H-27a 
27a 39.1 3.59, m H-26a, H-26b 
27b  2.52, m H-25b, H-26a 
28 - -  

29a 27.0 1.58, m H-31 
29b  1.05, m  
30 11.9 0.84, t (7.0) H-9a, H-11 (weak) 
31 17.2 0.99, d (7.0) H-10 (weak), H-12, H-29a 

nd = not detected  
!



Supplement Figure 29. 1H NMR (600 MHz, CD3OD) spectrum of alteramide B (4) 
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Supplement Figure 30. COSY (600 MHz, CD3OD, DQF, phase sens.) alteramide B (4) 
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Supplement Figure 31. TOCSY (600 MHz, CD3OD) of alteramide B (4) 
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Supplement Figure 32a. NOESY(600 MHz, CD3OD, 600 ms) of alteramide B (4) 
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Supplement Figure 32b. NOESY zoom-in (600 MHz, CD3OD) of alteramide B (4) 
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Supplement Figure 33a. ROESY (600 MHz, CD3OD) of alteramide B (4) 
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Supplement Figure 33b. ROESY zoom-in (600 MHz, CD3OD) of alteramide B (4) 
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Supplement Figure 34. HSQC (600 MHz, CD3OD) of alteramide B (4) 
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Supplement Table 6. HMBC (600 MHz, CD3OD, 8 Hz) of alteramide B (4) 
Position! 13C (ppm)! 1H (ppm), mult (J (Hz))! 1H coupled with 13C (HMBC)!

1! 168.0! -! -!
2! 122.5! 5.74, d (16.0)! C-1 (168.0), C-4 (129.3)!
3! 141.0! 6.85, dd (12.2, 16.0)! C-1 (168.0), C-2 (122.5), C-4 (129.3), C-5 (147.2)!
4! 129.3! 6.04, dd (12.0, 15.8)! C-2 (122.5), C-3 (141.0), C-6 (53.3)!
5! 147.2! 5.62, dd (10.0, 15.8)! C-3 (141.0), C-6 (53.3), C-7 (43.5), C-13 (56.5)!
6! 53.3! 2.48, m! C-4 (129.2), C-5 (147,2), C-7 (43.5) (w), C-13 (56.5), C-14 (77.7)!

7a! 43.5! 1.87, m! C-6 (53.3), C-8 (41.7), C-12 (57.9), C-13 (56.5)!
7b! 1.18, m! C-5 (147.2), C-6 (53.3) C-8 (41.7), C-9 (38.7)!
8! 41.7! 2.40, m! C-7 (43.5), C-11 (47.7) (w), C-12 (57.9)!

9a! 38.7! 2.04, m! C-8 (41.7), C-10 (53.5), C-11 (47.7), C-12 (57.9)!
9b! 0.89 m! C-7 (43.5), C-8 (41.8), C-10 (53.5), C-29 (27.0)!
10! 53.5! 1.33, m! C-9 (38.7), C-11 (47.7), C-29 (27.0) (weak), C-30 (11.9), C-31 (17.2)!
11! 47.7! 1.27, m! C-10 (53.5), C-12 (57.9), C-13 (56.5), C-29 (27.0), C-31 (17.2)!
12! 57.9! 2.06, m! C-7 (43.5), C-8 (41.7), C-11 (47.7), C-13 (56.5), C-14 (77.7), C-31 (17.2)!
13! 56.5! 1.53, m! C-5 (147.2), C-6 (53.3), C-11 (47.7), C-12 (57.9), C-14 (77.7)!
14! 77.7! 3.86, m! C-6 (53.3), C-13 (56.5), C-16 (131.9)!
15! 146.9! 5.86, m! C-17 (143.7) (weak)!
16! 131.9! 6.17, dd (12.0, 16.6)! C-14 (77.7), C-17 (143.7) !
17! 143.7! 7.27, dd (12.0, 16.6)! C-15 (146.9) (weak), C-16 (131.9) (weak) !
18! nd! 7.02, bd (16.6)!
19! nd! -! -!
20! nd! -! -!
21! nd! -! -!
22! -! -!
23! 61.6! 3.77, brs! C-24 (197.0) (very weak)!
24! 197.0! -! -!

25a! 26.7! 2.03, m!
25b! 1.79, m! C-26 (21.4), C-27 (39.1)!
26a! 21.4! 1.46, m!
26b! 1.06, m!
27a! 39.1! 3.59, m!
27b! 2.52, m! C-1 (168.0) !
28! -! -! -!

29a! 27.0! 1.58, m! C-9 (38.7), C-10 (53.5), C-11 (47.7), C-30 (11.9)!
29b! 1.05, m! C-9 (38.7), C-10 (53.5), C-11 (47.7 ) (weak), C-30 (11.9)!
30! 11.9! 0.84, t (7.0)! C-10 (53.5), C-29 (27.0)!
31! 17.2! 0.99, d (7.0)! C-10 (53.5), C-11 (47.7), C-12 (57.9)!

nd = not detected! 50 



Supplement Figure 35. HMBC (600 MHz, CD3OD, 8 Hz) of alteramide B (4) 
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Supplement Figure 36a. 1H NMR (500 MHz, CD3OD) comparison of alteramide A (3) and B (4) 
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Supplement Figure 36b. 1H NMR (500 MHz, CD3OD) comparison of alteramide A (3) and B (4) 
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Supplement Figure 36c. 1H NMR (500 MHz, CD3OD) comparison of alteramide A (3) and B (4) 
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Supplement Figure 36d. 1H NMR (500 MHz, CD3OD) comparison of alteramide A (3) and B (4) 
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Supplemental Table 7.  1H and 13C NMR data of photocyclized alteramide A (5) (d4-MeOH)  

Position 13C (ppm) 1H (ppm), mult (J (Hz)) 1H coupled with 13C (HMBC) 
1 180.5 - - 
2 46.5 3.89, m C-1 (180.5), C-3 (125.7), C-4 (138.2), C-18 (46.3)  
3 125.7 5.45, m C-1 (180.5), C-2 (46.6) 
4 138.2 5.56, m C-5 (46.2), C-6 (58.1), C-15 (59.4) 
5 46.2 2.93, m C-3 (125.7), C-6 (58.1), C-7 (36.3), C-15 (59.4), C-16 (138.1) 
6 58.1 1.88, m C-4 (138.2), C-5 (46.2), C-7 (36.2), C-12 (54.0) (weak), C-13 (65.2), C-14 (81.9) 

7a 36.3 1.95, m C-6 (58.1), C-8 (50.3), C-12 (54.0), C-13 (65.2)  
7b - 0.94, m C-5 (46.1), C-6 (58.0), C-8 (50.2), C-9 (41.3) 
8 50.3 2.78, m C-7 (36.3), C-9 (41.3), C-12 (54.0), C-13 (65.2) 

9a 41.3 2.09, m C-8 (50.3), C-11 (47.6), C-12 (54.0) 
9b - 0.97, m C-7 (36.2), C-8 (50.2), C-10 (54.6), C-11 (47.6) (weak), C-29 (27.0) 
10 54.7 1.35, m C-9 (41.3), C-11 (47.6), C-29 (26.9) (weak), C-30 (12.7), C-31 (18.1) 
11 47.6 1.26, m C-10 (54.7), C-12 (54.0), C-13 (65.2), C-29 (26.9), C-31 (18.1) 
12 54.0 1.69, m C-8 (50.3), C-9 (41.3), C-10 (54.7), C-11 (47.6), C-13 (65.2), C-14 (81.9), C-31 (18.1) 
13 65.2 1.84, m C-5 (46.1) (weak), C-6 (58.1), C-7 (36.3), C-11 (47.6), C-12 (54.0), C-14 (81.9), C-15 (59.4) 
14 81.9 3.67, m C-12 (54.0), C-13 (65.2), C-15 (59.4), C-16 (138.0) 
15 59.4 3.18, m C-5 (46.2), C-6 (58.1), C-14 (81.9), C-16 (138.0), C-17 (125.9) 
16 138.0 5.75, m C-15 (59.4), C-14 (81.9), C-18 (46.3), C-19 (180.3) 
17 125.9 5.67, m C-15 (59.4) (weak), C-18 (46.3), C-19 (180.3) 
18 46.3 3.91, m C-2( 46.5), C-16 (138.0), C-17 (125.9), C-19 (180.3) 
19 180.3 - - 
20 nd - - 

21’ (Z) 176.3 & 178.7 - - 
21’’ (E) 174.5  - 

22 - - - 
23’ (Z) 64.5 4.18, d (3.4) C-21’ (176.3 & 178.7), C-25’ (69.7), C-26’ (Z) (28.9)  
23’’ (E) 69.6 3.95, d (2.7) C-21’’ (174.5), C-25’’(E) (71.0), C-26’’(E) (31.1), C-24 (207.3) 

24 (E / Z) 207.3 -  
25’ (Z) 69.7 3.89, m  
25’’(E) 71.0 3.74, dt (7.2, 2.7) C-23’’ (E) (69.6), C-24 (207.3), C-26’’ (E) (31.1), C-27 (37.0) (weak) 

26a’ (Z) 28.9 1.72, m C-25’ (Z) (69.7) 
26b’ (Z) - 1.60, m C-27 (37.0) 
26a’’ (E) 31.1 1.94, m C-25’’ (E) (71.0), C-27 (37.0) 
26b’’ (E) - 1.75, m C-23’’ (E) (69.6), C-25’’ (E) (71.0), C-27 (37.0) 

27a 37.0 3.66, m C-1 (180.5), C-25’’ (E) (71.0),), C-26’’ (31.1) 
27b  3.58, m C-1 (180.5), C-25’’ (E) (71.0), C-26’’ (31.1) 
28 - - - 

29a 27.0 1.62, m C-9 (41.3), C-10 (54.6), C-11 (47.6), C-30 (12.7) 
29b  1.09, m C-9 (41.3), C-10 (54.7), C-11 (47.6), C-30 (12.7) 
30 12.7 0.90, t (7.4) C-10 (54.7), C-29 (27.0) 
31 18.1 1.04, d (6.4) C-10 (54.6), C-11 (47.6), C-12 (54.0) 

 



Supplemental Table 8.  1H and 13C NMR Data and NOEs - photocyclized alteramide A (5) (d4-MeOH) 

Position 13C (ppm) 1H (ppm), mult (J (Hz)) 1H - 1H NOE (NOESY) 
1 180.3 - - 
2 46.5 3.93, m H-5 
3 125.6 5.45, m  
4 138.2 5.56, m H-6 
5 46.1 2.93, m H-2, H-7b, H-13, H-15 
6 58.0 1.88, m H-4, H-8 (weak), H-12 (weak), H-14 

7a 36.2 1.96, m  
7b - 0.94, m H-5, H-13 
8 50.2 2.78, m H-6 (weak), H-12 

9a 41.3 2.09, m  
9b - 0.97, m  
10 54.6 1.35, m  H-30, H-31 
11 47.6 1.26, m H-13, H-30 (weak) 
12 54.0 1.69, m H-6 (weak), H-8, H-14, H-31 
13 65.2 1.84, m H-5, H-7b, H-11, H-15 
14 81.9 3.67, t (8.0) H-6, H-12, H-16 
15 59.4 3.19, m H-5, H-13, H-18 
16 138.1 5.75, t (8.0) H-14 
17 125.86 5.65, m  
18 46.5 3.93, m H-15 
19 180.1 -  
20 - -  

21’ (Z) 179.0 -  
21’’ (E) 173.6   

22 - -  
23’ (Z) 64.5 4.18, d (3.4) H-26a/b’ (Z) 
23’’ (E) 69.6 3.95, d (2.7) H-26a/b’’ (E) 

24 (E / Z) 207.3 -  
25’ (Z) 69.7 3.89, m  
25’’(E) 71.0 3.74, dt (7.2, 2.7)  

26a’ (Z) 28.9 1.72, m H-23’ (Z) 
26b’ (Z) - 1.60, m H-23’ (Z) 
26a’’ (E) 31.1 1.94, m H-23’’ (E) 
26b’’ (E) - 1.75, m H-23’’ (E) 

27a 37.0 3.66, m H-23’’ (E) 
27b  3.58, m  
28 - -  

29a 27.0 1.62, m H-31 
29b  1.09, m  
30 12.7 0.90, t (7.4) H-10, H-11 (weak) 
31 18.1 1.04, d (6.4) H-10, H-12, H-29a 
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Supplemental Figure 37. 1H NMR (600 MHz, CD3OD) spectra of photocyclized alteramide A (5) 
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Supplemental Figure 38. 1H NMR (600 MHz, CD3OD) spectra of photocyclized alteramide A (5) 
(isolated from CNT357) 
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Supplemental Figure 39. COSY (600 MHz, CD3OD, 600 ms) of photocyclized alteramide A (5) 
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Supplemental Figure 40. TOCSY (600 MHz, CD3OD, 75 ms) spectrum of photocyclized alteramide A (5) 
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Supplemental Figure 41a. NOESY(600 MHz, CD3OD, 600 ms) of photocyclized alteramide A (5) 
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Supplemental Figure 41b. NOESY zoom-in(600 MHz, CD3OD, 600 ms, gradient) of photocyclized 
alteramide A (5) 
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Supplement Figure 42. HSQC (600 MHz, CD3OD) spectrum and annotation of photocyclized alteramide A (5) 
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Supplement Table 9. HMBC (600 MHz, CD3OD) spectrum of photocyclized alteramide A (5) 
Position! 13C (ppm)! 1H (ppm), mult (J (Hz))! 1H coupled with 13C (HMBC)!

1! 180.5! -! -!
2! 46.5! 3.89, m! C-1 (180.5), C-3 (125.7), C-4 (138.2), C-18 (46.3) !
3! 125.7! 5.45, m! C-1 (180.5), C-2 (46.6)!
4! 138.2! 5.56, m! C-5 (46.2), C-6 (58.1), C-15 (59.4)!
5! 46.2! 2.93, m! C-3 (125.7), C-6 (58.1), C-7 (36.3), C-15 (59.4), C-16 (138.1)!
6! 58.1! 1.88, m! C-4 (138.2), C-5 (46.2), C-7 (36.2), C-12 (54.0) (weak), C-13 (65.2), C-14 (81.9)!

7a! 36.3! 1.95, m! C-6 (58.1), C-8 (50.3), C-12 (54.0), C-13 (65.2) !
7b! -! 0.94, m! C-5 (46.1), C-6 (58.0), C-8 (50.2), C-9 (41.3)!
8! 50.3! 2.78, m! C-7 (36.3), C-9 (41.3), C-12 (54.0), C-13 (65.2)!

9a! 41.3! 2.09, m! C-8 (50.3), C-11 (47.6), C-12 (54.0)!
9b! -! 0.97, m! C-7 (36.2), C-8 (50.2), C-10 (54.6), C-11 (47.6) (weak), C-29 (27.0)!
10! 54.7! 1.35, m! C-9 (41.3), C-11 (47.6), C-29 (26.9) (weak), C-30 (12.7), C-31 (18.1)!
11! 47.6! 1.26, m! C-10 (54.7), C-12 (54.0), C-13 (65.2), C-29 (26.9), C-31 (18.1)!
12! 54.0! 1.69, m! C-8 (50.3), C-9 (41.3), C-10 (54.7), C-11 (47.6), C-13 (65.2), C-14 (81.9), C-31 (18.1)!
13! 65.2! 1.84, m! C-5 (46.1) (weak), C-6 (58.1), C-7 (36.3), C-11 (47.6), C-12 (54.0), C-14 (81.9), C-15 (59.4)!
14! 81.9! 3.67, m! C-12 (54.0), C-13 (65.2), C-15 (59.4), C-16 (138.0)!
15! 59.4! 3.18, m! C-5 (46.2), C-6 (58.1), C-14 (81.9), C-16 (138.0), C-17 (125.9)!
16! 138.0! 5.75, m! C-15 (59.4), C-14 (81.9), C-18 (46.3), C-19 (180.3)!
17! 125.9! 5.67, m! C-15 (59.4) (weak), C-18 (46.3), C-19 (180.3)!
18! 46.3! 3.91, m! C-2( 46.5), C-16 (138.0), C-17 (125.9), C-19 (180.3)!
19! 180.3! -! -!
20! nd! -! -!

21’ (Z)! 176.3 & 178.7! -! -!
21’’ (E)! 174.5! -!

22! -! -! -!
23’ (Z)! 64.5! 4.18, d (3.4)! C-21’ (176.3 & 178.7), C-25’ (69.7), C-26’ (Z) (28.9) !
23’’ (E)! 69.6! 3.95, d (2.7)! C-21’’ (174.5), C-25’’(E) (71.0), C-26’’(E) (31.1), C-24 (207.3)!

24 (E / Z)! 207.3! -!
25’ (Z)! 69.7! 3.89, m!
25’’(E)! 71.0! 3.74, dt (7.2, 2.7)! C-23’’ (E) (69.6), C-24 (207.3), C-26’’ (E) (31.1), C-27 (37.0) (weak)!
26a’ (Z)! 28.9! 1.72, m! C-25’ (Z) (69.7)!
26b’ (Z)! -! 1.60, m! C-27 (37.0)!
26a’’ (E)! 31.1! 1.94, m! C-25’’ (E) (71.0), C-27 (37.0)!
26b’’ (E)! -! 1.75, m! C-23’’ (E) (69.6), C-25’’ (E) (71.0), C-27 (37.0)!

27a! 37.0! 3.66, m! C-1 (180.5), C-25’’ (E) (71.0),), C-26’’ (31.1)!
27b 3.58, m! C-1 (180.5), C-25’’ (E) (71.0), C-26’’ (31.1)!
28! -! -! -!

29a! 27.0! 1.62, m! C-9 (41.3), C-10 (54.6), C-11 (47.6), C-30 (12.7)!
29b! 1.09, m! C-9 (41.3), C-10 (54.7), C-11 (47.6), C-30 (12.7)!
30! 12.7! 0.90, t (7.4)! C-10 (54.7), C-29 (27.0)!
31! 18.1! 1.04, d (6.4)! C-10 (54.6), C-11 (47.6), C-12 (54.0)!
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Supplement Figure 43a. HMBC (600 MHz, CD3OD) spectrum of photocyclized alteramide A (5) 

!"#
$#!%# &# !'#

(#
!)#
('*#

'#

!&#
("+#

($*#
(",# %#)#

!(#!$#

!!#

(-,#

$!#

",#
-,#

$.#

(-+#

(%+*/,*#

($**#

('**#
-#

(%+**#
"#

!.#

66 



 

Supplemental Figure 43b. HMBC (600 MHz, CD3OD) spectrum (extended) of photocyclized alteramide A (5) 
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Supplemental Table 10.  1H and 13C NMR data of photocyclized alteramide B (6) (d4-MeOH)  

Position 13C 
(ppm) 

1H (ppm), mult (J (Hz)) 1H coupled with 13C (HMBC) 

1 180.3 - - 
2 46.5 3.93, m C-1 (180.2), C-3 (125.6), C-4 (138.1) 
3 125.6 5.45, m C-1 (180.3), C-2 (46.5), C-4 (138.1) 
4 138.1 5.56, m C-2 (46.5),  C-3 (125.7), C-5 (46.1), C-6 (58.0), C-15 (59.4) 
5 46.1 2.93, m C-3 (125.6), C-6 (58.0), C-7 (36.2), C-15 (59.4), C-4 / C-16 (138.1) 
6 58.0 1.88, m C-4 (138.4), C-5 (46.1), C-7 (36.2), C-12 (54.0) (weak), C-13 (65.2), C-14 (81.9) 

7a 36.2 1.96, m C-6 (58.0), C-8 (50.2), C-12 (54.0), C-13 (65.2)  
7b - 0.94, m C-5 (46.1), C-6 (58.0), C-8 (50.2), C-9 (41.3) 
8 50.2 2.78, m C-7 (36.2), C-9 (41.3), C-12 (54.0), C-13 (65.2) 

9a 41.3 2.09, m C-8 (50.2), C-10 (54.6), C-11 (47.6), C-12 (54.0) 
9b - 0.97, m C-7 (36.2), C-8 (50.2), C-10 (54.6), C-11 (47.6) (weak), C-29 (26.9) 
10 54.6 1.35, m C-9 (41.3), C-11 (47.6), C-30 (12.7), C-31 (18.1) 
11 47.6 1.26, m C-10 (54.6), C-12 (54.0), C-13 (65.2), C-29 (26.9), C-31 (18.1) 
12 54.0 1.69, m C-8 (50.2), C-9 (41.3), C-11 (47.6), C-13 (65.2), C-14 (81.9), C-31 (18.1) 
13 65.2 1.84, m C-5 (46.1) (weak), C-6 (58.0), C-7 (36.2) (weak), C-11 (47.6), C-12 (54.0), C-14 (81.9) 
14 81.9 3.67, t (8.0) C-12 (54.0), C-13 (65.2), C-15 (59.4), C-16 (138.1) 
15 59.4 3.19, m C-5 (46.1), C-6 (58.0), C-14 (81.9), C-16 (138.1), C-17 (125.9) 
16 138.1 5.75, t (8.0) C-15 (59.4), C-14 (81.9), C-18 (46.5) 
17 125.9 5.65, m C-15 (59.4), C-18 (46.5),C-16 (138.1),  C-19 (180.1) 
18 46.5 3.94, m C-16 (138.1), C-17 (125.9), C-19 (180.2) 
19 180.1 - - 
20 nd - - 

21’ (Z) 179.0 - - 
21’’ (E) 173.6  - 

22 - - - 
23’ (Z) 58.4 4.08, t (4.6, 5.8) C-21’(Z) (179.0), C-25’(Z) (23.6), C-26’ (Z) (29.1)  
23’’ (E) 64.6 4.03, t (5.6) C-21’’(E) (173.6), C-25’’(E) (24.1), C-26’’(E) (29.7), C-24 (209.0) 

24 (E / Z) 209.0 -  
25’ (Z) 23.6 1.62, m C-23’(Z) (58.4), C-24 (209.0) 
25’’(E) 24.1 1.70, m C-24 (209.0) 

26a’ (Z) 29.1 1.79, m C-23’ (Z) (58.4), C-25’ (Z) (23.6), C-27 (39.0) 
26b’ (Z) - 1.54, m C-23’ (Z) (58.4), C-25’ (Z) (23.6), C-27 (39.0) 
26a’’ (E) 29.7 1.72, m C-23’’ (E) (64.6), C-25’ (E)’(24.1), C-27 (39.0)  
26b’’ (E) - 1.61, m C-23’’ (E) (64.6), C-27 (39.0) 

27 39.0 3.52, m C-1 (180.3), C-25 (Z) (23.6), C-25’’(E) (24.1), C-26’ (Z) (29.1), C-26’’(E) (29.7) 
28 - - - 

29a 26.9 1.61, m C-9 (41.3), C-10 (54.6), C-11 (47.6), C-30 (12.7) 
29b  1.09, m C-9 (41.3), C-10 (54.6), C-11 (47.6) (weak),, C-30 (12.7) 
30 12.7 0.90, t (7.4) C-10 (54.6), C-29 (26.9) 
31 18.1 1.04, d (6.4) C-10 (54.6), C-11 (47.6), C-12 (54.0) 

 



Supplemental Table 11.  1H and 13C NMR Data and NOEs – photocyclized alteramide B (6) (d4-MeOH) 

Position 13C (ppm) 1H (ppm), mult (J (Hz)) 1H - 1H NOE (NOESY) 

1 180.3 - - 
2 46.5 3.93, m H-5 
3 125.6 5.45, m  
4 138.2 5.56, m H-6 
5 46.1 2.93, m H-2, H-7b weak), H-13, H-15 
6 58.0 1.88, m H-4, H-8 (weak), H-12 (weak), H-14 

7a 36.2 1.96, m  
7b - 0.94, m H-5, H-13 
8 50.2 2.78, m H-6 (weak),  H-12 

9a 41.3 2.09, m  
9b - 0.97, m  
10 54.6 1.35, m  
11 47.6 1.26, m H-13, H-30 (weak) 
12 54.0 1.69, m H-6 (weak), H-8, H-14, H-31 
13 65.2 1.84, m H-5, H-7b, H-11, H-15 
14 81.9 3.67, t (8.0) H-6, H-12, H-16 
15 59.4 3.19, m H-5, H-13, H-18 
16 138.1 5.75, t (8.0) H-14 
17 125.86 5.65, m  
18 46.5 3.94, m H-15 
19 180.1 -  
20 - -  

21’ (Z) 179.0 -  
21’’ (E) 173.6   

22 - -  
23’ (Z) 58.4 4.08, t (4.6, 5.8) H-26a/b’ (Z), H-27 (weak) 
23’’ (E) 64.6 4.03, t (5.6) H-26a/b’’ (E), H-27 

24 (E / Z) 209.0 -  
25’ (Z) 23.6 1.62, m  
25’’(E) 24.1 1.70, m  

26a’ (Z) 29.1 1.79, m H-23’ (Z) 
26b’ (Z) - 1.54, m H-23’ (Z) 
26a’’ (E) 29.7 1.72, m H-23’’ (E) 
26b’’ (E) - 1.61, m H-23’’ (E) 

27 39.0 3.52, m H-23’’ (E) 
28 - -  

29a 26.9 1.61, m H-31 
29b  1.09, m  
30 12.7 0.90, t (7.4) H-10, H-11 (weak) 
31 18.1 1.04, d (6.4) H-10, H-12, H-29a 
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Supplemental Figure 44. 1H NMR (600 MHz, CD3OD) spectra of photocyclized alteramide B (6) 

O

NH

OH

N
H

O

H

H

H
H

H

H

H

HHO

H
H H H H H

HH H

H H

H H
CH3

H H
CH3 H

16

789

2
34

5
14 18

16

27 26
25

21

20 23

11 13

31

29

30

22

24

28

19

10 12

17
15

H

H

H

O

70 

1!2"



Supplemental Figure 45. 1H NMR (600 MHz, CD3OD) spectra of photocyclized alteramide B (6) 
(isolated from CNT357) 
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Supplemental Figure 46. COSY(600 MHz, CD3OD, grad. phase sens.) of photocyclized alteramide B (6) 
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Supplemental Figure 47. TOCSY (600 MHz, CD3OD, 75 ms) spectrum of photocyclized alteramide B (6) 
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Supplemental Figure 48a. NOESY(600 MHz, CD3OD, 600 ms, gradient) of photocyclized alteramide B (6) 
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Supplemental Figure 48b. NOESY zoom-in (600 MHz, CD3OD, 600 ms, gradient) of photocyclized 
alteramide B (6) 
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Supplemental Figure 49. HSQC (600 MHz, CD3OD) spectrum and annotation of photocyclized  
alteramide B (6) 
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Supplement Table 11. HMBC (600 MHz, CD3OD) spectrum of photocyclized alteramide B (6) 
Position! 13C (ppm)! 1H (ppm), mult (J (Hz))! 1H coupled with 13C (HMBC)!

1! 180.3! -! -!
2! 46.5! 3.93, m! C-1 (180.2), C-3 (125.6), C-4 (138.1)!
3! 125.6! 5.45, m! C-1 (180.3), C-2 (46.5), C-4 (138.1)!
4! 138.1! 5.56, m! C-2 (46.5),  C-3 (125.7), C-5 (46.1), C-6 (58.0), C-15 (59.4)!
5! 46.1! 2.93, m! C-3 (125.6), C-6 (58.0), C-7 (36.2), C-15 (59.4), C-4 / C-16 (138.1)!
6! 58.0! 1.88, m! C-4 (138.4), C-5 (46.1), C-7 (36.2), C-12 (54.0) (weak), C-13 (65.2), C-14 (81.9)!

7a! 36.2! 1.96, m! C-6 (58.0), C-8 (50.2), C-12 (54.0), C-13 (65.2) !
7b! -! 0.94, m! C-5 (46.1), C-6 (58.0), C-8 (50.2), C-9 (41.3)!
8! 50.2! 2.78, m! C-7 (36.2), C-9 (41.3), C-12 (54.0), C-13 (65.2)!

9a! 41.3! 2.09, m! C-8 (50.2), C-10 (54.6), C-11 (47.6), C-12 (54.0)!
9b! -! 0.97, m! C-7 (36.2), C-8 (50.2), C-10 (54.6), C-11 (47.6) (weak), C-29 (26.9)!
10! 54.6! 1.35, m! C-9 (41.3), C-11 (47.6), C-30 (12.7), C-31 (18.1)!
11! 47.6! 1.26, m! C-10 (54.6), C-12 (54.0), C-13 (65.2), C-29 (26.9), C-31 (18.1)!
12! 54.0! 1.69, m! C-8 (50.2), C-9 (41.3), C-11 (47.6), C-13 (65.2), C-14 (81.9), C-31 (18.1)!
13! 65.2! 1.84, m! C-5 (46.1) (weak), C-6 (58.0), C-7 (36.2) (weak), C-11 (47.6), C-12 (54.0), C-14 (81.9)!
14! 81.9! 3.67, t (8.0)! C-12 (54.0), C-13 (65.2), C-15 (59.4), C-16 (138.1)!
15! 59.4! 3.19, m! C-5 (46.1), C-6 (58.0), C-14 (81.9), C-16 (138.1), C-17 (125.9)!
16! 138.1! 5.75, t (8.0)! C-15 (59.4), C-14 (81.9), C-18 (46.5)!
17! 125.9! 5.65, m! C-15 (59.4), C-18 (46.5),C-16 (138.1),  C-19 (180.1)!
18! 46.5! 3.94, m! C-16 (138.1), C-17 (125.9), C-19 (180.2)!
19! 180.1! -! -!
20! nd! -! -!

21’ (Z)! 179.0! -! -!
21’’ (E)! 173.6! -!

22! -! -! -!
23’ (Z)! 58.4! 4.08, t (4.6, 5.8)! C-21’(Z) (179.0), C-25’(Z) (23.6), C-26’ (Z) (29.1) !
23’’ (E)! 64.6! 4.03, t (5.6)! C-21’’(E) (173.6), C-25’’(E) (24.1), C-26’’(E) (29.7), C-24 (209.0)!

24 (E / Z)! 209.0! -!
25’ (Z)! 23.6! 1.62, m! C-23’(Z) (58.4), C-24 (209.0)!
25’’(E)! 24.1! 1.70, m! C-24 (209.0)!
26a’ (Z)! 29.1! 1.79, m! C-23’ (Z) (58.4), C-25’ (Z) (23.6), C-27 (39.0)!
26b’ (Z)! -! 1.54, m! C-23’ (Z) (58.4), C-25’ (Z) (23.6), C-27 (39.0)!
26a’’ (E)! 29.7! 1.72, m! C-23’’ (E) (64.6), C-25’ (E)’(24.1), C-27 (39.0) !
26b’’ (E)! -! 1.61, m! C-23’’ (E) (64.6), C-27 (39.0)!

27! 39.0! 3.52, m! C-1 (180.3), C-25 (Z) (23.6), C-25’’(E) (24.1), C-26’ (Z) (29.1), C-26’’(E) (29.7)!
28! -! -! -!

29a! 26.9! 1.61, m! C-9 (41.3), C-10 (54.6), C-11 (47.6), C-30 (12.7)!
29b! 1.09, m! C-9 (41.3), C-10 (54.6), C-11 (47.6) (weak),, C-30 (12.7)!
30! 12.7! 0.90, t (7.4)! C-10 (54.6), C-29 (26.9)!
31! 18.1! 1.04, d (6.4)! C-10 (54.6), C-11 (47.6), C-12 (54.0)! 77 



Supplement Figure 50a. HMBC (600 MHz, CD3OD) spectrum of photocyclized alteramide B (6) 
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Supplemental Figure 50b. HMBC (600 MHz, CD3OD) spectrum (extended) of photocyclized alteramide B (6) 
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Supplemental Figure 51a. 1H NMR (600 MHz, CD3OD) spectra of photocyclized alteramides A (5) and B (6) 
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Supplemental Figure 51b. 1H NMR (600 MHz, CD3OD) extended spectra of photocyclized alteramide A (5) 
and alteramide B (6) 
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318 K 

Supplemental Figure 52a. 1H NMR (600 MHz, CD3OD) extended spectra of photocyclized  
alteramide A (5) at various temperatures. 
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318 K 

Supplemental Figure 52b. 1H NMR (600 MHz, CD3OD) extended spectra of photocyclized    
alteramide B (6) at various temperatures 
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Isolation of intramolecular cyclized alteramides A (5) and B (6) from 
Streptomyces CNT 357 
Streptomyces CNT35713, was cultured in 4L of A1 medium (10 g soluble 
starch, 4 g yeast extract, 2 g peptone, 21 g seasalts, 1L deionized water) at 
27 oC for one week. 25 g/L of Amberlite XAD-16 was used to harvest the 
secreted natural products from the A1 broth. Light exposure was not 
excluded during this isolation protocol. The resin was extracted with MeOH 
and acetone, respectively. The acetone extract was subjected to Sephadex 
LH-20 chromatography eluting with MeOH and further fractionated using 
HPLC (C-18, 250 X 4.6 mm, 5 µm) with a mobile phase gradient of 5% to 
100% CH3N/H2O (0.1% TFA) in 30 min with a 1.0 mL/min flow rate. 
Intramolecular cyclized alteramide A (5) with observed m/z 511.2815 (calcd. 
m/z 511.2808, !=+1.4 ppm) (~ 500 µg) and intramolecular cyclized 
alteramide B (6) with m/z 495.2866 (calcd. m/z 495.2853, !=+2.6 ppm) 
(~500 µg) were both obtained with NMRs identical to the NMRs of the 
intramolecular cyclized alteramides A (5) and B (6) from OT59. 
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In silico conformation generation 
Discovery Studio™ (version 3.5) software (Accelrys, San Diego, CA, USA) 
was used to generate the conformations for the open alteramide A as both E 
and Z tautomers with CAESAR (Conformer Algorithm based on Energy 
Screening and Recursive Buildup) algorithm.14 Prior to generating 
conformations for each alteramide, the structure was examined for chemical 
correctness. Both polar and non-polar hydrogen atoms were added explicitly 
for each structure and then the structure was submitted to the conformation 
generation calculations. Conformations were generated using the following 
parameters – each structure was allowed to generate a maximum of 255 
conformations each of which had to be within a 20 Kcal mol-1 energy 
threshold. Conformations were then minimized with a simple steepest 
descent method and the results analyzed.  

 Conformations were superposed within each molecule to facilitate with 
the analysis and to readily visualize the main clusters of conformations 
present within the ensemble of structures generated for each alteramide. 
Evaluation of the conformations were performed based on the proton – 
proton distances that relate to each molecule and its NMR spectrum. 
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