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General Experimental Procedures.

Analytical and semi-preparative HPLC was conducted on an Agilent HPLC system with 1260 Quat-Pump and PAD detector. NMR data were obtained on a Bruker-600 spectrometer (600 MHz for 1H NMR and 150 MHz for 13C NMR). ESIMS and HRMS were analyzed by LTQ Orbitrap XL from Thermo Fisher Scientific. Flash preparative chromatography was performed on a sepacore from Buchi with UV detector. UV spectra were obtained using a Cary 300 spectrometer. IR spectra were recorded using a Nicolet 5700 FTIR microscope spectrometer.
Fermentation.
Strain CPCC 203577 was isolated from Yunnan province (China) by the Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences. Based on the phylogenetic analysis of 16S rRNA gene sequences, strain CPCC 203577 belongs to the genus of Streptomyces. 
Frozen stock spores of Streptomyces sp. CPCC 203577 were thawed and spread onto seed medium plates (φ 8.5 cm; medium composition: yeast extract 0.28%, malt extract 0.7%, glucose 0.28%, mannitol 0.6%, soya flour 0.6% and agar powder 1.5%), incubated at 28°C for 8-10 days for sporulation. Then the fresh spores were spread onto the ISP2 medium plates for fermentation at 28°C for 20 days.
Extraction and Isolation.
The fermentation cultures (40L) were extracted with an equal volume of EtOAc three times. The combined EtOAc extracts were dried under reduced pressure to afford a dark brown residue (10 g). It was loaded on an ODS column (120g) for flash chromatography, which yielded fractions F1-F10 after elution by CH3OH-H2O (50-100% methanol, in 10% increments as a stepwise gradient, at 20 ml/min for 5 h).
Fraction F4 was applied to a Sephadex LH-20 column eluted with CH3OH, which gave subfractions F4-1 to F4-7. The subfraction F4-3 containing 1 was refined by semi-preparative HPLC (Diamonsil C18 column: 10.0 × 250 mm, 5 μm, MeOH-H2O, 75:25, 2.0 ml/min; 1 was eluted out at ~26 min) to obtain 1 (12.0 mg). The subfraction F4-4 containing 3 was refined by semi-preparative HPLC (Diamonsil C18 column: 10.0 × 250 mm, 5 μm, MeCN-H2O, 67:33, 1.8 ml/min; 3 was eluted out at ~80 min.) to obtain 3 (15.0 mg).
Fraction F3 containing 2 and 4 was also applied to a Sephadex LH-20 column eluted with CH3OH, which yielded subfractions F3-1 to F3-9. The subfraction F3-4 was refined by semi-preparative HPLC (Diamonsil C18 column: 10.0 × 250 mm, 5 μm, MeCN-H2O (+ 0.2 % acetic acid), 60:40, 1.8 ml/min. Compound 2 was eluted out at ~25 min, and 4 at ~36 min), which yielded 1.0 mg pure (>97%) preparation of 2 and 3.0 mg pure (>97%) preparation of 4.
MIC Assays.

Minimum inhibitory concentrations (MICs) of 1-4 were determined by the agar dilution method from Clinical Laboratory Standards Institute. Microorganisms used in the MIC assays were strains from ATCC. The test medium was Mueller-Hinton broth, and the inoculum was 10000 colony forming units (cfu)/spot. Compounds 1-4 were first dissolved in DMSO (at 10 mg/ml), and then diluted with H2O before use. The final concentrations of 1 and 2 were at 16.0, 8.0, 4.0, 2.0, 1.0, 0.5, 0.25, 0.125, 0.06, 0.03 μg/mL for MIC assays. The final concentrations of 3 and 4 were at 64.0, 32.0, 16.0, 8.0, 4.0, 2.0, 1.0, 0.5, 0.25, 0.125, 0.06, 0.03 μg/mL for MIC assays. Culture plates were incubated at 35°C for 18 h. The lowest concentration that prevented visible growth of the bacterial strain was defined as MIC.
Table S1. 1H (600 MHz) and 13C (150 MHz) NMR data of lavanducyanin (1) in CD3OD
	Position
	δC
	δH (J in Hz)
	
	Position
	δC
	δH (J in Hz)

	1
	178.5
	
	
	10a
	147.4
	

	2
	116.1
	6.61 d(8.4)
	
	11
	52.0
	5.47 s

	3
	147.1
	7.89 t (8.4)
	
	12
	122.7
	

	4
	95.2
	6.45 d (7.8)
	
	13
	132.8
	

	4a
	136.7
	
	
	14
	47.5
	1.90 s

	5a
	135.1
	
	
	15
	30.1
	

	6
	116.9
	8.00 t (8.4)
	
	16
	36.3
	1.19 t (6.6)

	7
	137.9
	8.02 t (8.4)
	
	17
	24.0
	1.45 br

	8
	127.7
	7.72 t (7.2)
	
	18
	19.8
	1.97 s

	9
	134.5
	8.36 d (7.2)
	
	19
	28.6
	0.82 s

	9a
	138.5
	
	
	20
	28.6
	0.82 s


Table S2. 1H (600 MHz) and 13C (150 MHz) NMR data of naphthomevalin (3) in CDCl3
	Position
	δC
	δH (J in Hz)
	
	Position
	δC
	δH (J in Hz)

	1
	195.4
	
	
	5(
	17.7
	1.29 s

	2
	83.0
	
	
	1((
	37.2
	2.30 dd (14.4, 8.4),
2.96 dd (15.0, 7.2)

	3
	84.4
	
	
	2((
	115.4
	4.83 t (7.2)

	4
	196.5
	
	
	3((
	141.4
	

	4a
	134.3
	
	
	4((
	26.3
	1.96 m

	5
	107.4
	7.06 d (2.4)
	
	5((
	39.7
	1.90 m

	6
	163.6
	
	
	6((
	123.8
	5.01 t (6.6)

	7
	109.2
	6.72 d (1.8)
	
	7((
	131.7
	

	8
	164.8
	
	
	8((
	25.6
	1.69 s

	8a
	110.4
	
	
	9((
	17.7
	1.58 s

	1(
	38.3
	2.50 dd (15.0, 7.8), 

2.98 dd (15.0, 7.2)
	
	10((
	16.1
	1.28 s

	2(
	116.4
	4.93 t (7.2)
	
	3-OH
	
	4.18 s

	3(
	138.2
	
	
	6-OH
	
	-

	4(
	25.8
	1.56 s
	
	8-OH
	
	11.96s


Table S3. The MIC of 1-4 against Gram-negative bacteria
	Test strain
	MIC (μg/mL)

	
	1
	2
	3
	4
	Levofloxacin a

	Escherichia coli 

ATCC 25922 
	>16
	>16
	>64
	>64
	≤0.03



	Klebsiella pneumonia 
ATCC 700603
	>16
	>16
	>64
	>64
	0.5

	Pseudomonas aeruginosa ATCC 27853
	>16
	>16
	>64
	>64
	1.0

	Acinetobacter calcoacetious ATCC 19606
	>16
	>16
	>64
	>64
	0.25


MIC = minimum inhibitory concentration

a positive control
Table S4. 16S rRNA gene sequence of Streptomyces sp. CPCC 203577.
CTTAACATGCAGTCGAACGATGATCCGGTTTCGGCCGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATAGTACCTTCGGGCGCATGCCTGTTGGTGGAAAGCTCCGGCGGTGCAGGATGGGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATACGGGCAGGCTGGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGGAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTGCCGTAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAACACCTGGAGACAGGTGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCACGCCTTTCGGGGTGGTGGGGACTCACGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCAAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCTTGTGGAGGGAGCCGTCGAAGGTGGGACTGGCGATTGGACGAAGTCGTAACA
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Figure S1. Neighbour-joining tree based on the 16S rRNA gene sequence of Streptomyces sp. CPCC 203577 and some closely related Streptomyces strains. 
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Figure S2. HPLC profile of subfraction F3-4 from Sephadex LH-20 column. 
HPLC conditions: Diamonsil C18 5 μm, 4.6 × 250 mm; mobile phase MeCN-H2O (+ 0.1 % acetic acid), 30-90% in 40 min; flow rate 1.0 ml/min; UV detection at 280 nm.
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Figure S3. HPLC profile of subfraction F4-3 from Sephadex LH-20 column. 
HPLC conditions: Diamonsil C18 5 μm, 4.6 × 250 mm; mobile phase MeOH-H2O, 40-100% in 40 min; flow rate 1.0 ml/min; UV detection at 319 nm.
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Figure S4. HPLC profile of subfraction F4-4 from Sephadex LH-20 column. 
HPLC conditions: Diamonsil C18 5 μm, 4.6 × 250 mm; mobile phase MeCN-H2O (+ 0.1 % acetic acid), 30-90% in 40 min; flow rate 1.0 ml/min; UV detection at 254 nm.
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Figure S5. ESI-(+)-MS spectrum of 1
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Figure S6. ESI-(-)-MS spectrum of 1
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Figure S7. HRESIMS spectrum of 1
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Figure S8. UV-visible spectrum of 1
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Figure S9. IR spectrum of 1
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Figure S10. 1H NMR spectrum (600 MHz) of 1 in CD3OD
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Figure S11. 13C NMR spectrum (150 MHz) of 1 in CD3OD
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Figure S12. ESIMS spectrum of 2
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Figure S13. HRESIMS spectrum of 2
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Figure S14. UV-visible spectrum of 2
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Figure S15. IR spectrum of 2
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Figure S16. 1H NMR spectrum (600 MHz) of 2 in DMSO-d6
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Figure S17. 13C NMR spectrum (150 MHz) of 2 in DMSO-d6
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Figure S18. DEPT spectrum (150 MHz) of 2 in DMSO-d6
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Figure S19. COSY spectrum (600 MHz) of 2 in DMSO-d6
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Figure S20. HSQC spectrum (150 MHz) of 2 in DMSO-d6
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Figure S21. HMBC spectrum (150 MHz) of 2 in DMSO-d6
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Figure S22. NOESY spectrum (600 MHz) of 2 in DMSO-d6
[image: image23.emf]6
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Figure S23. ESI-(-)-MS spectrum of 3
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Figure S24. UV-visible spectrum of 3
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Figure S25. IR spectrum of 3
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Figure S26. 1H NMR spectrum (600 MHz) of 3 in CDCl3
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Figure S27. 13C NMR spectrum (150 MHz) of 3 in CDCl3
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Figure S28. ESIMS spectrum of 4
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Figure S29. HRESIMS spectrum of 4
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Figure S30. UV-visible spectrum of 4
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Figure S31. IR spectrum of 4
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Figure S32. 1H NMR spectrum (600 MHz) of 4 in DMSO-d6
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Figure S33. 13C NMR spectrum (150 MHz) of 4 in DMSO-d6
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Figure S34. DEPT spectrum (150 MHz) of 4 in DMSO-d6
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Figure S35. COSY spectrum (600 MHz) of 4 in DMSO-d6
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Figure S36. HSQC spectrum (150 MHz) of 4 in DMSO-d6
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Figure S37. HMBC spectrum (150 MHz) of 4 in DMSO-d6
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Figure S38. NOESY spectrum (600 MHz) of 4 in DMSO-d6
ECD calculation of 3, 4-1 (with C-6″S) and 4-2 (with C-6″R).
Conformational analysis within an energy window of 3.0 kcal/mol was performed by the OPLS3 molecular mechanics force field via the MacroModelS1 panel of Maestro 10.2. The obtained conformers were further optimized with the software package Gaussian 09S2 at the B3LYP/6-31G (d) level. Then the 60 lowest electronic transitions were calculated using time-dependent density functional theory (TD-DFT) methods at the B3LYP/6-31G (d) level. The rotational strengths of each electronic excitation were given using both dipole length and dipole velocity representations. ECD spectra of each conformer were simulated using a Gaussian function with a half-bandwidth of 0.20 to 0.40 eV. The overall theoretical ECD spectra were then obtained according to the Boltzmann weighting of each conformer.
In the 200-400 nm, the theoretically calculated ECD spectra of 4-1 and 4-2 were in good agreement with that of 3 (Figure S40), which allowed the assignment of the same configurations for C-2 and C3 (2R, 3S, respectively) in 4 and 3. 

Reference

(S1)
MacroModel; Schrödinger, LLC: New York, NY, 2009.

(S2) Gaussian 09, Revision B.01. Gaussian, Inc., Wallingford CT, 2010.
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Figure S39. Structures of 3, 4-1, and 4-2
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Figure S40. ECD spectra of compounds 3, 4-1, and 4-2
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