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Flasks used for
GYE medium, and
growth after 48 h

Streptomyces nodosus

250 mL culture with XAD16 resin
in trigrooved 2 L flask (4 day old)

S. nodosus (amphNM+perDIDII mutant)
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Amphotericin B 1

Selected data for amphotericin B (1).

Amphotericin B 1

Proton NMR (AVANCEIII 500 MHz; d6-DMSO; 2 mgs)

(sample generously provided by Dr Steve Box
see J. Chem. Soc. Perkin 1, 1998, p83)

Note: Some proton chemical shift values alter from
dilute to concentrated solutions used in 13C-NMR,
complicating some assignments.

The  orientation of the sugar may alter
with concentration change
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Amphotericin B 1

20-H

Double bond region

Amphotericin B 1

37-H

33-H
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Amphotericin B 1

19-H

1′-H

15-H

3-H

11-H

17-H

Amphotericin B 1

2′-H

9-H

5-H

35-H

4′-H

5′-H

8-H
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Amphotericin B 1

36-H

16-H
14a-H

Amphotericin B 1 Proton-proton COSY

5.21(37)/1.12(38)

5.46(33)/2.30(34)

6.00(20)/4.42(19)

6.13(32)/5.46(33)
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4.01(15)/1.11(14b)

4.01(15)/1.90(14a)

4.21(17)/1.90(16)

4.21(17)/1.55(18b)??

3.49(9)/1.57(10a) 3.13(8)/1.58(7a)4.25(11)/1.58(10a)

3.56(5)/1.41(6a)
4.08(3)/1.41(4a)

Amphotericin B 1

3.11(35)/2.29(34)

3.16(5′)/1.17(6′)

4.07(3)/2.19(2ab)

3.04(4′)/2.59(3′)
Missing 2.16(18a)/4.21(17)

1.75(36)/0.93(39)

1.87(14a)/1.10(14b)

2.29(40)/1.04(34)

2.11(18a)/1.55(18b)
1.58(7a)/1.30(7b)

1.57(10a)/
1.35(10b)

Amphotericin B 1
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Amphotericin B 1

{1H}13C NMR in d6-DMSO at 313K

(Concentrated sample, 25 mgs mL-1)

11.98 (39)
16.95 (38)
17.89 (6′)
18.42 (40)

176.14 (14)
170.52 (1)

97.08 (13)
96.17 (1′)

DMSO

57.89 (16)
56.23 (3′)

128.68

136.75 (2 C) (20+33)

Amphotericin B 1

131.14
131.77
131.86
132.09
132.14
132.31
132.39

Double bond region 14 x C (d)

133.87
133.67
133.47
133.17
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Amphotericin B 1

77.15 (35)
74.46 (19)
73.80 (9)
73.61 (8)
72.78 (5′)

70.57 (4′)
69.32 (5)
68.97 (37)
68.39 (2′)
67.74 (11)

66.27 (3)
65.50 (15)
65.34 (17)

x

x
x

39.60 (t) (10)

Amphotericin B 1 DEPT, showing resonance under DMSO

46.41 (t) (12)
44.65 (t) (4)
44.35 (t) (14)
42.29 (s) (34)
42.09 (t) 2)

57.89 (16)
56.23 (3′) 36.72 (t) (18)

35.04 (t) (6)
29.05 (t) (7)

x
x

39.70(d)(36)
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Amphotericin B 1

sensitivity improvement  + adiabatic bilevel
decoupling & refocussing (grads. in back-
INEPT)

d6-DMSO 313K

Heterocorrelation NMR

(Concentrated sample, 25 mgs mL-1)

29.1(7)/1.58+1.30

35.1(6)/1.41+1.31
36.7(18)/2.16+1.52

39.6(10)/1.57+1.35
39.7(36)/1.75

44.4(14)/1.87+1.11

44.7(4)/1.41+1.36
46.4(12)/1.56+1.55

42.3(34)/2.30 42.1(3)/2.19(2H) 57.9(16)/1.87

Amphotericin B 1

x

Not shown:

x

(methylene region)
Heterocorrelation NMR
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65.4(17)/4.19
65.5(15)/4.01
66.3(3)/4.07
67.7(11)/4.26
68.4(2’)/3.75
69.0(37)/5.21
69.3(5)/3.56
70.6(4’?)/3.16
72.8(5’?)/3.25
73.6(8)/3.12
73.8(9)/3.48
74.5(19)/4.41
77.2(35)/3.11

Amphotericin B 1

CH-O region
Heterocorrelation NMR

Heterocorrelation NMR
Amphotericin B 1

128.7/6.12

131.4/6.09

133.9/6.45
133.7/6.42

133.5/6.36
133.2/6.33

131.8+131.9/6.17

136.8/6.01(20)+5.45(33)

132.09+132.14/6.30

132.31+132.39/6.32
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11.98 (C-39)/0.93 (H)
16.95(38)/1.13
17.89(6’)/1.18
18.42(40)/1.05
29.1(7)/1.58+1.30
35.1(6)/1.41+1.31
36.7(18)/2.16+1.52
39.6(10) 1.57+1.35
39.7(36) 1.75
42.1(2ab)/2.19
42.3(34)/2.30
44.4(14)/1.87+1.11
44.7(4)/1.41+1.36
46.4(12)/1.56+1.55
56.2(3’)/2.79[2.59]
57.9(16)/1.87

96.2(1’)/4.51
97.1(13)
128.7(32)/6.12
131.44/6.09
131.77/6.17
131.86/6.17
132.09/ca 6.30
132.14/ca 6.30
132.31/ca 6.32
132.39/ca 6.32
133.18/6.33
133.47/6.36
133.67/6.42
133.87/6.45
136.8(33)/5.45
136.8(20)/6.01
170.50(1)
176.14(41)

65.4(17)/4.19
65.5(15)/4.01
66.3(3)/4.07
67.7(11)/4.26
68.4(2’)/3.75
69.0(37)/5.21
69.3(5)/3.56
70.6(4’?)/3.16 [3.04 dil]
72.8(5’?)/3.25 [3.16 dil]
73.6(8)/3.12
73.8(9)/3.48
74.5(19)/4.41
77.2(35)/3.11

Amphotericin B 1
NMR(500 MHz) in d6-DMSO at 313K

Discrepancy with Perkin 1998 p83 (NMR at RT): 
C-6 is 1.41+1.31. 
Typo error in earlier paper:  33-H = 5.51 not 4.51.

(some proton chemical shift values shift from dilute to concentrated solution)
E.g. 3.04 in dilute solution has moved downfield.
H-3′ is 2.59 in [dilute] and 2.79 in concentrated DMSO 

8-Deoxyamphotericin B 5

Isolated from the ‘amphL’ mutant

AmphL : 8-Deoxyamphotericin B (5)

RMM 907.6
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HPLC analysis of amph L extractions (8-deoxy amphotericin B)

A – Water    B – Methanol + 0.1% Formic Acid

Method name – BM RP C8 Amph L analytical.meth (1 mL/min)
- BM RP C8 Amph L Prep.meth (14.8 mL/min)

AmphL : 8-Deoxyamphotericin B (5)

amphL: Crude methanolic  extract (best growth, least amphB)

AmphL : 8-Deoxyamphotericin B (5)
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amphL: Timescale zoom of crude methanolic extract

AmphL : 8-Deoxyamphotericin B (5)

amphL: Ppte after water, CHCl3 and MeOH/CHCL3 washesAmphL
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Amph L Ppt after washes zoom
AmphL : 8-Deoxyamphotericin B (5)

amphL: 8-deoxyamphotericin B sample (29.8 min) spiked with amphotericin B (28 min)

8-deoxy

Amph B

AmphL
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amphL: showing full reversion and production of amphotericin B in crude MeOH extract

amphL

Different growth

No thiostrepton

amphB

25-Nov-2008AMPH L

550 600 650 700 750 800 850 900 950 1000 1050 1100 1150
m/z0

100

%

bm9333-2 5 (0.457) Cm (4:12) 1: Scan ES+ 
1.52e5606.5

550.1
515.2

628.1

727.3
671.0630.2

714.2
890.2745.4 908.3

931.1

ESMS (+ve) on washed solid

25-Nov-2008AMPH L

550 600 650 700 750 800 850 900 950 1000 1050 1100 1150
m/z0

100

%

bm9333-2 4 (0.405) Cm (3:8) 2: Scan ES- 
1.26e4906.3

623.4

609.3511.2

571.0
533.2

905.5
681.2624.4

637.7 891.3761.4 877.3

907.1

908.0

908.8

919.9

ESMS (-ve) on washed solid

906.3 (M-H+)

RMM 907.6

931.1 (M+Na+)
908.3 MH+

890.2 (M-water+H+)

8-Deoxyamphotericin B 5
AmphL : 8-Deoxyamphotericin B (5)
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Whole proton NMR

NMR 500 MHz, d6-DMSO 313 K (40oC)

(d6-DMSO solvent was contaminated, 
and sample contained some lipid)

8-Deoxyamphotericin B 5
AmphL : 8-Deoxyamphotericin B (5)

3.10(35)/2.29(34)

4.05(3)/2.15(2) 4.00(15)/1.92(14a)

4.00(15)/
1.10(14b)

1.87/4.31
(impurity)

3.21(5′)/1.18(6′)

3.47(5)/1.38(4a)+1.08(6b)

3.57(9)/1.34(10)+1.17(8b)

EtOAc
4.23(11)/1.58+1.51(12ab)

4.20(17)/1.94(16)

COSY
AmphL : 8-Deoxyamphotericin B (5)
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Membrane
debris

EtOAc

29.9/1.87 (Triglyceride allylic CH2)

36.90/2.10 and 1.56(18ab)

44.08/1.88 and 1.10(14ab)

14.9/2.12 (O(C=O)CH2 (fatty acid)

57.2/1.95(16)

21.37(7)/1.73+1.01

46.32(12)/1.57+1.51
44.63(4)/1.39+1.21

43.61(10)/1.34(x2)
42.22(34)/2.30

41.92(2)/2.15

38.52(6)
/1.08

38.77
(1.25+1.21)

11.96(39)/0.92
16.89(38)/11.12

17.56(6’)/1.18
18.23(40)/1.05

39.48(36)/1.74

C-H Heterocorrelation spectroscopy

AmphL : 8-Deoxyamphotericin B (5)

46.87/4.32 couples 
to 29.86/1.87
glyceride

68.82(37)/5.21

74.72(19)/4.41

77.21(35)/3.10

68.29/4.23

65.11/4.22

72.69/3.20

69.93(4’)/3.18

71.31/3.58
67.94/3.77

69.17/3.4866.14/4.06

55.53(3’)/2.85

57.22(16)/1.95

74.84(19)/4.41

imp

65.46/4.02

C-H Heterocorrelation spectroscopy

imp

AmphL : 8-Deoxyamphotericin B (5)
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From H-C analysis: ( c.f. amph B)

11.93(39)/0.93 11.9/0.91
14.9/2.12 (imp)
16.82(38)/1.12 16.8/1.11
17.52(6’)/1.18 17.8/1.13
18.21(40)/1.04 18.4/1.04
14.78/2.12 (imp)
21.37(7)/1.73+1.01 29.0/1.56+1.29
28.64/1.24(imp)
29.86/1.87 (imp)
34.82/4.00 (imp)
35.82/3.86 (imp)
36.90(18)/2.10+1.56    36.3/1.54+2.05
38.52(6)/1.24+1.08 35.0/1.59+1.26
38.80(8)/1.24+1.17 73.4/3.09
39.48(36)/1.74 39.7/1.73
41.94(2)/2.16(x2) 41.9/2.16
42.21(34)/2.29               42.4/2.28
43.61(10)/1.34(x2)
44.08(14)/1.91+1.10     44.6/1.86+1.09
44.61(4)/1.38+1.31       44.3/1.32+1.38

46.29(12)/1.58+1.51 46.3/1.53
46.87/4.32(imp)
55.13(3’)/2.85 56.0/2.81
57.17(16)/1.94 58.4/1.93
65.17(17)/4.20 65.2/4.18
65.46(15)/4.02 65.4/3.99
66.12(3)/4.06 66.1/4.06
68.28(11)/4.23 67.7/4.26
68.81(37)/5.21 69.0/5.22
68.88(2’)/3.77 68.7/3.74
69.13(5)/3.46 69.7/3.51
69.93(4’)/3.18 70.5/3.21
71.26(9)/3.58 73.8/3.48
72.66(5’)/3.21 72.5/3.25
74.75(19)/4.40 74.1/4.40
77.20(35)/3.10 77.1/3.09
96.25(1’)/4.46 95.5/4.61
128.93/6.11
130.89(21)/6.07 /6.08
136.18/5.97(20) /5.97
136.81/5.43(33) /5.51

AmphL Heterocorrelation NMR: d6-DMSO 39.45 Red are methylenes

Me

O

HO
Me

OMe

OH OH OH OH O
Me

O

OH
OH

O OH
Me

OH
NH2

OH

8
16

19

1'

40 29

41

16-Descarboxyl-16-methyl-amphotericin B (8)

AmphNM+perDIDII:  16-Descarboxyl-16-methyl Amph B (8)

RMM = 893.5
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Construction of S. nodosus ΔamphNM + perDI-DII

Phage KC-Per1 contains a StuI-BamHI insert consisting of the amphDI
upstream region (nucleotides 65861 to 68195 of sequence with GenBank 
accession number AF357202) fused to the perDI and perDII genes.  Both 
amphDI and perDI genes have an NcoI site (5′ CCATGG 3′) surrounding 
the start codon.  The S. nodosus DNA was ligated to the S. aminophilus DNA 
through this conserved site.  This positioned the perDI start codon at the 
optimum distance from the amphDI promoter and ribosome-binding site.    
The KC-Per1 phage integrated into the S. nodosus ΔamphNM chromosome 
by recombination between the homologous amphDI upstream sequences.  
This gave a thiostrepton-resistant lysogen S. nodosus ΔamphNM + perDI-DII
which contains the related perDI-perDII and amphDI-DII regions in direct 
repeat orientation.  The genotype was verified by Southern hybridisation. 

AmphNM+perDIDII:  16-Descarboxyl-16-methyl Amph B (8)

perDII perDI 

amphDI amphDII    

perDI perDII   amphDI amphDII 

KC-Per1

tsr

tsr

S. nodosus ΔamphNM

S. nodosus ΔamphNM + perDI-DII 

AmphNM+perDIDII:  16-Descarboxyl-16-methyl Amph B (8)

Construction of S. nodosus ΔamphNM + perDI-DII
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Extraction 1 in MeOH run on C8 RP-HPLC16-Descarboxyl-16-methyl Amph B (8)

(tetraene slightly later than heptaene)

Aglycone (3)

Ext 1 ppte water washed in MeOH + 2 vol H2O, ppte from MeOH to 5% MeOH EtOAc 
RPHPLC on C18. Note on C18 silica the tetraene elutes before the heptaene.

16-Descarboxyl-16-methyl Amph B (8)
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916.5 (M+Na+)

876.6 = M-water+H+

16-Descarboxyl-16-methyl Amph B ESMS(+ve) expanded scale

RMM = 893.5

16-Descarboxyl-16-methyl Amph B (8)
FAB MS

916 (893+Na+)
894 (893+H+)
876 (893-water+H+)

RMM = 893.5
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16-Descarboxyl-16-methyl Amph B (8)

Observed: 894.51939. Calc for C47H76NO15 = 894.51959

Accurate MS:

16-Descarboxyl-16-methyl Amph B (8)

500 MHz Proton NMR whole spectrum

RT in d4-MeOH

Some assignments are tentative
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6.04 dd J 15.2 and 8.9, 20-H)

16-Descarboxyl-16-methyl Amph B Double bond region

5.40 (2 x 1 H, 33-H and 37-H)

16-Descarboxyl-16-methyl Amph B
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4.35(11)
4.46(19)

4.64(1’)
4.20(17)
tt, J 9.6 and 3.0,

16-Descarboxyl-16-methyl Amph B (8)

3.99 (15)
(J 8.3)

3.93
3.74
(to 1.5)

3.63

3.59(5)

3.10(8)

3.20

3.22(35)

3.30(5’)

3.39(9)

16-Descarboxyl-16-methyl Amph B (8)
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2.41(34)
+2.41(3′)

2.30(2a ABX)

2.23(2b ABX)

2.24(18a)

2.00(12.2 and 4.7)

16-Descarboxyl-16-methyl Amph B (8)

couples to 3.6

1.83
(36)

1.61
(to 1.73)

1.74
(to 1.36)

1.39

1.42

1.51

1.36

1.25

1.33

1.73

1.47

16-Descarboxyl-16-methyl Amph B (8)
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1.22 (J 6.4, 38-H)

1.14 (J 6.3, 40-H)
1.037 (41) (J 7.1)

1.039 (39) (J 6.1)

1.31 (J 5.7, 6’-H)

5 x Methyl doublets

16-Descarboxyl-16-Methyl Amph B

5.40 (37)/1.22(38)

5.40 (33)/2.40(34)

6.03(20)/4.47(19)

6.20(32)/5.39(33)

16-Descarboxyl-16-methyl Amph B (8)

H-H COSY

Whole spectrum

in d4-MeOH

2 x H
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16-Descarboxyl-16-methyl Amph B (8)

1.83(36)/1.035(39)

2.41(34)/1.14(40)

2.00/1.30

2.24/1.743

2ab (2.31+2.23)
and 2.2(18a)

1.743/1.357

1.262(16)/
1.037 (41)

3.22(4′)/2.40(3′)
4.19(3)/2.28(2)

4.19(3)/1.48(4)

4.35/1.73

3.99/1.25

3.99/1.74
3.62/1.74

3.29(5’)/1.31(6’)

3.60/2.00

3.60/1.33

3.60/1.26

3.20/1.75

3.73/1.50

4.47(19)/2.24(18a)

16-Descarboxyl-16-methyl Amph B (8) H-H COSY
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3.60/2.00 

3.62/1.73

16-Descarboxyl-16-methyl Amph B (8) H-H COSY

3.29/1.31

3.60/1.31

4.0(15)/1.75(14a)

4.35/1.73

3.20/1.75

4.0(15)/1.25(16)

4.19(3)/1.47+1.42(4ab)

3.73/1.51+1.42

3.23(4′)/2.40(3′)

4.19(3)/2.31+2.23(2ab)

4.475(19)/2.24 (18a)

4.21(3)/2.31+2.23(2ab)

2.26/2.31+2.31(2ab)

2.41(34+3′)

4.47(19)/2.24(18a)

16-Descarboxyl-16-methyl Amph B (8)

3.23(4′/2.41(3′)

1.75(18b)/2.24(18a)
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C-H Heterocorrelation NMR

16-Descarboxyl-16-methyl Amph B
Whole spectrumd4-MeOH

1.035/12.24

1.037/13.51

1.22/17.11
1.30/17.56

1.13/19.01

16-Descarboxyl-16-methyl Amph B (8)
C-H Heterocorrelation NMR Methyl groups
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44.1(34)/2.41

41.7(36)/1.83

1.25(16)/43.6
42.74/2.30+2.23(2ab)

45.6/2.0+1.33

48.1/1.73+1.61

44.7/1.47+1.42

40.7/1.36

36.2/1.51+1.42

31.1/1.75+1.39

38.2(18)/2.25

33.3/2.24

16-Descarboxyl-16-methyl Amph B (8)
C-H Heterocorrelation NMR (d4-MeOH)

methylene and methine region

d4-MeOH

/1.75?

69.71/4.35

79.34(19)/4.46

68.9(3)/4.19

71.11/3.99

69.55/3.93

72.58/3.74

75.88/3.63

70.27/3.59
70.55/3.40

74.48/3.30

75.66/3.20

79.81/3.22(4′)

Also 57.19/3.08; 99.1/4.64 and 70.70/5.40
(not shown)

16-Descarboxyl-16-methyl Amph B
C-H Heterocorrelation NMR

H-C-O region
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16-Descarboxyl-16-methyl Amph B (8)
No 13C spectra run, only heterocorrelation NMR

31.1/1.75+1.39
33.3(18?)/2.24
36.2/1.51+1.42
38.2(18)/2.24+1.75 
40.7(36)/1.36
41.7/1.83
42.74(2)/2.30+2.23
43.6(16)/1.25
44.7(4)/1.47+1.42
44.1/2.41(34)
45.6/2.0+1.33
48.1/1.73+1.61

57.19(8)/3.08
68.9/4.19(3)
69.55/3.93
69.71/4.35
70.27/3.59
70.55(9)/3.40
70.70(37)/5.40
71.11/3.99
72.58/3.74
74.48(5′)/3.30
75.66/3.20
75.88/3.63
79.34/4.47(19)
79.81(35)/3.22
99.1(1′)/4.64

12.24 (39)/1.035
13.51(41)/1.037
17.11(38)/1.22
17.56(6′)/1.30
19.01(40)/1.13

/6.21(33)
/6.036(20)

2.41 = 34+3’

8-Deoxy-16-descarboxyl-16-methyl-amphoteronolide B (3)

AmphNM+perDIDII :  aglycone (3) 

RMM 732.5
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Analytical HPLC purification of amphNM+PerDIDII  aglycone (3)
A – Water   B – Methanol + 0.1% Formic acid

Example of HPLC analysis

Gradiant less than 2% per minute

AmphNM+perDIDII (aglycone) 3 

AmphNM+per DIDII : aglycone (3), RP-HPLC of methanol washed ppte
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03-Jul-2008SCAN 500-1100 CV=80 CAP=2  POS SAMPLE AmphNMPer Aglycone in MeOH

500 550 600 650 700 750 800 850 900 950 1000 1050 1100
m/z0

100

%

GE-BARRY-1 11 (0.410) Cm (1:27) Scan ES+ 
5.41e4755.5

567.4551.5
737.5

756.6

758.6

02-Jul-2008AmphNMPer aglycone peak

550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

bm9325-2 6 (0.545) Cm (4:9) 2: Scan ES- 
1.85e3767.3

731.3

713.4503.3
695.4

527.3 629.2
597.6553.3 669.5

732.3

734.4

735.7

987.6777.5

778.4

845.4795.7

831.4 905.5892.7849.0 977.7

989.7

990.7
1017.5

1003.7 1134.11089.41072.1

RMM agylcone (3) = 732.5

M+Na+ = 755.5

M-water (-H+) = 713.5

M (-H+) = 731.5

M-water+Na+ = 737.5

Electrospray MS (Quattro triple quad)
AmphNM+perDIDII aglycone (3) 

C41H64O11 = 732

FAB did not work, hence no high resolution MS.

ESMS(+ve)

ESMS(-ve)
?

Full 500 MHz NMR proton spectrum
in d6-DMSO at RT

AmphNM+perDIDII aglycone (3) 
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18 H + 4 x Me @< 2ppm

1.905
H-18a

1.83
H-14a

1.13 dd
H-14b

1.72
(36)

1.77
7a

1.38
H-4a

1.52
18b

1.54
12a

1.32
(10)

1.29
4b

0.88
41

0.91
39

1.04
401.11

38

1.48
12b

1.06
H-16

0.99
H-7b

1.08
6b

1.31
6a

1.23
8a

1.16 (8b)

AmphNM+perDIDII aglycone (3) 

2.16 2.10

2.296(34)

CHHC=O

H-2ab

1.90(18a)

1.82(14a) 1.72(36)

1.76(7a)

AmphNM+perDIDII aglycone (3) 
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4.07(3)

3.85 (ca t, 9.2)
H-17

3.57(9)

3.175

3.086(35)

4.19 (H-19)

3.38(15)

3.43(5)

4.21 (H-11)

X

X

X
(X may be DMSO and MeOH in DMSO)

AmphNM+perDIDII aglycone (3) 

5.424 dd

5.214

5.49
OH-19

5.65
OH-13
hemiacetal

4.99
H-9

4.71
OH-19

4.61
OH-5

4.50
OH-15

4.785
OH-35

4.795
OH-35

H-37

H-33

AmphNM+perDIDII aglycone (3) 
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5.96dd
H-20

6.16

6.43

AmphNM+perDIDII aglycone (3) 

1.38(4a)

4.19(19)/1.90(18a)

4.21(11)/1.54(12a)+1.32(10)

1.54

1.52(18b)

3.87(17)/1.52(18b)+1.06(16)

3.39(15)/1.83(14a)+1.13(14b)

3.57(9)/1.32(10)+1.16(8b)

3.43(5)/1.39(4a)+1.08(6b)

4.07(3)/1.38(4a)+1.29(4b)

3-4a-4b-5-6b 8b-9-10ab-11-12a 16-17-18b 18a-19

COSY (part)
AmphNM+perDIDII aglycone (3) 
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4.19(19)/1.905(18a)

4.21(11)/1.48(12b)+1.54(12a)+1.32(10)

4.07(3)/2.16(2a)+2.10(2b)+1.38(4a)+1.29(4b)

2a-2b-3-4a-4b 10-11-12a-12b

AmphNM+perDIDII aglycone (3) 

3.43(5)/1.29 (4b)

4.06(3)/1.29 (4b)4.06(3)/1.38 (4a)

3.43(5)/1.38 (4a)

3-4a-4b

AmphNM+perDIDII aglycone (3) 
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3.38(15)/1.13 (14b)
3.43/1.37
H5/4

3.57(5)/
1.31(6a)+1.16(6b)

4-5-6a-6b 14b-15

AmphNM+perDIDII aglycone (3) 

1.29(4b)/
4.07(3)+3.43(5)

H-4a H-4b

H-5

H-3

2xH 4.21(11)/1.32(10)

3.57(9)/1.32(10)

1.38(4a)/
4.07(3)+3.43(5)

3-4a-4b-5 10-11

AmphNM+perDIDII aglycone (3) 
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1.83(14a)/1.13(14b)

1.77(7a)/1.235(8a) 

7a-8a
14a-14b

AmphNM+perDIDII aglycone (3) 

0.88(41)/1.06(16)

16-41

AmphNM+perDIDII aglycone (3) 
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3.87(17)/1.905(18a)

17-18a

AmphNM+perDIDII aglycone (3) 

1.905(18a)/1.52 (18b)

18a-18b

AmphNM+perDIDII aglycone (3) 
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1.06(16)/3.87(17) 1.06(16)/3.38(15)

3.38(15)/
1.13(14b)

3.57(9)/1.16(8b)

14b-15-16-17 8b-9

AmphNM+perDIDII aglycone (3) 

(OH) 5.65(13-OH)/1.13 (H-14b) 

W-coupling?

13(OH)-14b

AmphNM+perDIDII aglycone (3) 
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13C NMR (125 MHz in DMSO, proton decoupled)

AmphNM+perDIDII aglycone (3) 

23.67 (t)

20.37(q)

18.90(q)

15.24(q)

14.11(q)

x
x

98.78

172.64 

50.48 (d or q) 

48.74

47.10

46.91

45.71

44.43 (d)
43.88

42.12

41.52 (d)

40.97

40.85

MeOH?

44.42 (d)
All are –CH2- except as indicated

(from HSQC)

AmphNM+perDIDII aglycone (3) 
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68.12

69.91

70.29

70.71

70.78

70.95

71.29

73.24

8 x C-O

AmphNM+perDIDII aglycone (3) 

All fourteen C=C carbons visible

142.24

129.30138.75

133.15

133.22

133.71

134.01

134.18

134.42
134.48

135.05

135.68

135.56

135.48

AmphNM+perDIDII aglycone (3) 
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23.67(7)/1.77+0.99

Characteristic of 8-deoxy compound

Heterocorrelation NMRAmphNM+perDIDII aglycone (3) 

40.85/1.31(6a) and 1.08(6b)

44.43/
1.06(16)

41.52/1.73(36)

42.12/1.90+1.53(18)
43.88/2.16+2.10

44.42/2.30(34)

45.71(10)
1.32(x2)

40.97(8)/1.23+1.16

46.91/1.39+1.30(4)
47.10/1.83+1.13(41)

48.74/1.54(12a)+1.48(12b)

AmphNM+perDIDII aglycone (3) Heterocorrelation NMR
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*

*

*** *

*

68.12(3)/4.07

69.91(15)/3.39

70.29(11)/4.21

71.29(19)/4.19

70.71/5.21(37) 70.78(17)/3.87

70.95(5)/3.44

79.24(35)/3.09 (not shown)73.24(9)/3.57 (not shown)

Heterocorrelation NMR
AmphNM+perDIDII aglycone (3) 

133.71/6.16

133.22/6.24

134.18/6.285

From 1D
133.15
133.22
133.71
134.01
134.18
134.42
134.48
135.05
135.48
135.56
135.68

134.01/6.285

134.42/6.32

134.48/6.33

135.01/6.34

135.48 and .56 and .68/6.44

AmphNM+perDIDII aglycone (3) 
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AGLYCONE OCTABENZOYL DERIVATIVE (10)

(3R,5R,9S,11S,15R,17S,19S,35S)-Octabenzoyloxy-13-oxo-(16S,34S,36S)-trimethyl-
(20E,22E,24E,26E,28E,30E,32E)-octatriacontahepteno-(37S)-lactone 

Octabenzoyl-aglycone (10)

Octabenzoylaglycone 10 After purification (silica flash column)

Silica HPLC, EtOAc/Hexane 0-2 min 15% EtOAc, 30 min 25% EtOAc in Hexane, 31 min 80%
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18-Jun-2009Octabenzoyl NMPer 090615

1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
m/z0

100

%

OOI334-2 5 (0.343) Cm (4:17) 1: Scan ES+ 
3.77e41583.7

1582.7

1461.71479.8 1531.6

1584.8

1585.9

1588.8

1590.9 1627.5
1722.6

1667.7

18-Jun-2009Octabenzoyl NMPer 090615

1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680 1690
m/z0

100

%

OOI334-2 5 (0.343) Cm (4:17) 1: Scan ES+ 
3.77e41583.7

1582.7

1531.6 1578.6

1584.8

1585.9

1588.8

1590.9
1627.51617.3

1598.2 1613.7
1653.01637.2 1667.7

ESMS (+ve) = 1583.7 (M+water+H+)

C97H96O19=1564; + water = 1582.Octabenzoylaglycone (10)

Peak actually shows
up as 1582.7

Expect ca 1583.7

Octabenzoylaglycone (10)

C97H96O19=1564.7

FAB-MS

M

M-122

Heptabenzoyl-water

Heptabenzoyl = 1460
(octabenzoyl - 104)

Heptabenzoyl derivative, lactol intact,
can still easily lose water.

(This sample, mixed hepta and octabenzoyl)
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Octabenzoylaglycone (10)

Perkin Elmer ‘Spectrum One’ ATR-FTIR

Proton NMR, 500 MHz; CDCl3

Octabenzoylaglycone (10)

x

x
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2H

3H
4H

4H

9H

40H

3H

15H

24 H, o+p?16 H, meta?

Octabenzoylaglycone

1H
1H 1H1H

2H

2H

12H
3H

=CH

=CH

8 x H-C-Obz + H-37 (5.46)2 x H-C=

Octabenzoylaglycone (10)

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010



7H, 3 x HHC-C=O and H-C34

Octabenzoylaglycone

Octabenzoylaglycone (10) 13C proton decoupled NMR (125 MHz)

CDCl3
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21.09(q)

20.98(t, 7-C)

18.23(q, C-34)
Me-1.00

16.33(q, C-38)
Me-1.18

14.23

14.17

11.06(q, C-41)
Me-0.75

10.42(q, C-39)
Me-1.03

x

x

Octabenzoylaglycone (10)

x

4 x Me and 1 x non-polar –CH2- at 7-C

47.11(t)
2H-2.872+3.03

46.72(t)
2H-2.82+2.745

41.21(d)

40.58(d)

39.04(d)

38.82(t)
2H-2.658

38.24(t)
38.21(t)

34.82(t)

34.45(t)

34.27(t)

8 x t (C-2,4,6,8,10,12,14,18)

3 x d (C-16,34 and 36)

Octabenzoylaglycone (10)

2 x C

13C NMR
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71.50
H-5.231

71.46
H-5.157

71.27
H-4.993

69.67
H 5.408 68.97

68.66
H-5.556

68.58
All doublets (CH)

7 x H-C-O + 73.72 + 79.29 ppm:   8 x CH-benzoyl + 37-C.Octabenzoylaglycone

134.97
134.68
134.34
134.07
133.98
133.90
133.66
133.55

133.45
(3C)

133.26 (2C)

133.12
132.97 (2C)
132.90
132.80
132.77
132.71
132.66
132.46
132.28

All are doublets

14 x =C-H
and 8 x Ar-H

132-136 ppmOctabenzoylaglycone (10)
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Octabenzoylaglycone (10)

8 x benzoate ester carbonyls

Lactone
2 C

13C NMR

203.03(s)

C-13 (ketone)

Octabenzoylaglycone
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O

OHOH OHO OH O
COOH

OH
OH

OH

Me

OH

Me

Me

31
17

32
35

37

1

11

36

37

38

6

(1R,3S,5S,9R,11R,15S,16R,17R,18S,21E,23E,25E,27E,29R,31S,32R,33S)-
1,3,5,9,11,17,29,33-Octahydroxy-15,16,18-trimethyl-13-oxo-14,35-
dioxabicyclo[29.3.1]pentatriaconta-19,21,23,25,27-pentaene-32-carboxylic acid 

(Stereochemistry assumed from amphotericin B)

6-Deoxypentaene-aglycone 11 = C37H58O13 = 710

AmphC PENTAENES

11 (methyl ester = 12)

6-Deoxy, aglycone, [O] at 37-C

Me

O

HO

Me

OH

OHOHOHOHHO

OH

OO

Me

Me

8

19

28

29

1
37

1636

8-deoxy-16-descarboxyl-16-methylamphoteronolide B

41

amphC

amphI
amphB

amphJamphK

amphA

(Modules 2+3)

(Modules 4+5+6+7+8+9)

(Modules 10+11+12+13+14+15)(Modules 16+17+18)(Modules 19+20)
(Module 1)

16 x acetate + 3 x propionate

PKS (amphABCIJK, 19 modules
PKS genes in S. nodosus

AmphC
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Region deleted within ‘amphC’

-ACP4-KS5-AT5-DH5-ER5-KR5-ACP5-KS6-AT6-DH6-KR6-ACP6-KS7-AT7-DH7-KR7-

amphC gene

-ACP4-KS5-AT7-DH7-KR7-ACP7-

Module 5 Module 6

DELETED

i.e. missing domains associated with two whole modules

Module 4

Module 7

AmphC

Normal phase HPLC on methyl ester extract (MeOH/EtOAc)

Methyl ester

AmphC

Main peak
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FAB MS of methyl ester of 6-deoxyaglycone  (12)(pentaene , Me ester) = 747

Methyl ester 12

AmphC

Calculated values for high resolution mass

High Res FAB MS of methyl ester of
6-deoxyaglycone (pentaene 1, Me ester) C38H60O13Na

Methyl ester 8

AmphC

Found: 747.39300 C38H60O13Na requires 747.39319
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Proton NMR of main Pentaene as methyl ester  (12)

400 MHz Full proton

x x

(d4-methanol, RT)

Methyl ester 12

AmphC

NMR of Pentaene methyl ester

5.94 (J 14.9, 8.4)

5.56 (J 14.3, 9.3)

5.15 (ca t, J 5.1)

6.13-6.40(8 H)

Methyl ester (12)

AmphC
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1.02 (J 7.3)

1.09 (J 6.3)
1.23 (J 6.2)Methyl ester (12)

AmphC:  NMR of methyl ester of ‘purified’ pentaene

171.11
173.31

97.48

APT- Carbon NMR

114.87 (imp)

AmphC Methyl ester (12)
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Analytical  HPLC  flow rate 1 mL per min , 

LCMS, same but 0.5 mL per minute, but twice the time scale to compensate.

Solvents: A is water, B is MeOH (+ 0.1% HCOOH)

RP-HPLC on native amphC extracts (no methylation)

AmphC ANALYSIS OF NATIVE PENTAENE EXTRACTS

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00
Time4

100

%

0

100

%

GE-BM-13 UV
An1

1.25e5
33.57

24.19

18.89

13.1813.60

25.93 30.51

28.99
36.54

40.36

47.88

GE-BM-13 1: Scan ES+ 
TIC

7.96e5
5.66

5.02

6.38
18.86

14.0213.18
12.067.82 15.34

17.38

48.2619.34
24.0219.54

22.58
24.86

30.5428.06 32.42

36.10 40.26 42.86

48.94

LCMS (+ve) on methanolic extract of mycelia + resin from amph C

glycones

AmphC
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20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 315 (12.622) Cm (315:318-303:307) 1: Scan ES+ 
8.35e3872.6

609.5587.6

538.8
521.7 577.8

588.7 649.4
610.6

626.6
791.5759.8

740.1
684.3 695.8 854.7823.9

873.7

891.6

892.7

935.0 1119.01046.51017.9962.3
974.1

1169.1

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 312 (12.502) Cm (309:312-296:298) 1: Scan ES+ 
4.73e3890.5

872.5

856.4506.7 843.7
565.3

540.6
609.5579.4 698.7675.5647.3 805.5729.4

795.2744.4

891.6

892.9
913.2

976.4942.6
1007.1 1188.41040.2

1167.3
1081.1

1103.3

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 329 (13.182) Cm (327:332-296:300) 1: Scan ES+ 
1.88e4874.6

856.6

609.6591.5 625.5 854.6
740.7665.4

875.6

904.6

936.5
926.3

976.5

12.50 (time)

12.62

13.18

Glycone +H+ = 872.5

6-deoxyglycone + water +H+ = 874.5

Glycone+water+H+

890.5

AmphC Some glycones (and 6-OH) in early fractions

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 600 (24.022) Cm (598:609-519:532) 1: Scan ES+ 
1.18e4693.5

675.5
591.5

573.5
555.5

657.5592.6
639.5

621.4

751.6694.6

695.6

733.5
711.6

752.6

773.4 791.4

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 621 (24.862) Cm (618:625-522:531) 1: Scan ES+ 
5.14e3693.6

675.6

591.6

573.5
555.7

524.1

657.5

639.6592.6

621.5

751.5

694.6

733.5695.7

715.5

752.5

773.5

791.4

1169.7819.7 1128.4
1115.4

898.2 1017.9
1188.0

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 644 (25.783) Cm (642:645-518:532) 1: Scan ES+ 
4.29e3675.6

657.6

573.5

537.7
568.3

639.6
574.7

621.7
592.6

733.6

676.7

677.8 728.4

773.6734.7

735.6
819.2795.3 1122.0863.7831.0

1100.8
884.1 929.4906.6 1063.61025.4965.0

1005.5 1196.1
1144.8

24.86

25.78

MAIN PEAK
24.02

6-Deoxyaglycone +Na+ = 733.5

6-deoxyaglycone + water+Na+ = 751.5

6-Deoxyaglycone-water+H+ = 693.5

6-Deoxyaglycone- 2 x water+H+ = 675.5

AmphC
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20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 810 (32.423) Cm (801:811-690:698) 1: Scan ES+ 
4.41e3675.6

657.6

639.6621.6

579.2

676.6

747.6

693.6
733.6

748.6
833.3796.7 1060.2 1168.61143.61103.7

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 832 (33.303) Cm (828:848-690:701) 1: Scan ES+ 
6.73e3675.6

657.6

639.6621.6

693.6

694.6

733.5695.6
1110.2

20-Aug-2009SAMPLE Amph C crude ex 1 [ H2O/0.1%FA--MeOH GRAD]

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-13 902 (36.103) Cm (902:921-953:978) 1: Scan ES+ 
2.43e3675.6

657.6639.4

621.5

603.6577.6538.8
520.3

733.6

676.6

677.6

693.7 728.8

734.6

819.6749.5 775.5
796.4 1109.5

1095.2824.6
1046.21008.4931.7880.2

993.0 1141.8 1159.7 1186.3

32.43

33.30

36.10

MAIN PEAKS

6-Deoxyaglycone +Na+ = 733.5

6-Deoxyaglycone -2 x water+H+ = 675.5

6-Deoxyaglycone - water+H+ = 693.5

AmphC

KR16:  7-Oxo-amphotericin B (9)

RMM 937.5
C47H70NO18 = 937
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Extraction of 28 x 2 L trigrooved flasks with 250 mL culture (example)

Cells and beads from all uncontaminated flasks are centrifuged in GSA tubes for 
10 minutes at 10,000 rpm
In a Sorvall RC5B centrifuge.  Spent media is decanted and all solid material is 
collected in a beaker. Methanolic extractions are carried out on the combined 
mycelia and bead pellets. All solid material is broken up and dispersed evenly 
using a large holed ladle or spoon. Approximately 10 L of methanol is added to the 
dispersed pellet and stored in 5 L conical flasks. Extractions are carried out for a 
period of 1h to overnight with intermittent swirling to ensure mixing of solid and 
liquid phases.  After the appropriate extraction time the contents of the flasks are 
allowed to settle. Once settled the methanol fraction can carefully be decanted 
off into a new vessel. If desired, more methanol can be added to the mycelia and 
beads and a second extraction can be performed as before. It is advisable to carry 
out at least two extractions with UV assays being carried out to access if further 
extractions are necessary. Extract 1 contains approx 400mg Heptaene and 500mg 
Tetraene, Ext 2 300mg H and 250mg T, Ext 3 150mg H 100mg T.

KR16:  7-Oxo-amphotericin B (9)

HPLC purification of 7-oxo-amphotericin B
C18 Supelco RP columns 5 micron partical, 
A – Water  B – Methanol + 0.1% v/v formic acid

Analytical 1 mL/min, preparative flow rate 14.8ml/min

KR16:  7-Oxo-amphotericin B (9)
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KR16 ppte from methanolic extractions, before water washes

KR16:  7-Oxo-amphotericin B (9)

KR16 after 2 x RPHPLC
KR16:  7-Oxo-amphotericin B (9)
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SCAN 500-1200 CV=11  CAP=2 POS SAMPLEKR16 Pure

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-10B 1 (0.077) Cm (1:19) Scan ES+ 
3.02e4938.5

939.5

ESMS (+ve) with different cone voltages (CV)

SCAN 500-1200 CV=11  CAP=2 POS SAMPLEKR16 Pure

860 870 880 890 900 910 920 930 940 950 960 970 980 990 1000
m/z0

100

%

GE-BM-10B 1 (0.077) Cm (1:19) Scan ES+ 
3.02e4938.5

939.5

SCAN 500-1200 CV=30  CAP=2 POS SAMPLEKR16 Pure

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-10 8 (0.439) Cm (1:19) Scan ES+ 
7.48e4920.5

775.4

921.5

938.5

Triple quad electrospray MS

RMM 937.5
CV = 11

CV = 11, expanded scale

CV = 30 (some fragmentation to aglycone
and lactol dehydration)

(minimal fragmentation)

MH+

MH+

[MH-water]+

KR16:  7-Oxo-amphotericin B (9) FAB MS was too weak for High resolution

SCAN 500-1200 CV=30  CAP=2 POS SAMPLEKR16 Pure

860 870 880 890 900 910 920 930 940 950 960 970 980 990 1000
m/z0

100

%

GE-BM-10 8 (0.439) Cm (1:19) Scan ES+ 
7.48e4920.5

921.5

938.5

SCAN 500-1200 CV=80  CAP=2 NEG SAMPLEKR16 Pure

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-10A 1 (0.077) Cm (1:19) Scan ES- 
182936.4

937.5

938.5

1016.3984.4

SCAN 500-1200 CV=80  CAP=2 NEG SAMPLEKR16 Pure

850 860 870 880 890 900 910 920 930 940 950 960 970 980 990 1000
m/z0

100

%

GE-BM-10A 1 (0.077) Cm (1:19) Scan ES- 
182936.4

937.5

938.5

941.4 984.4

CV = 30, expanded

ESMS (-ve) CV = 80

ESMS (-ve) CV = 80, expanded scale

ESMS(-ve)

[M-H+]

[M-water-H+]

KR16:  7-Oxo-amphotericin B (9)
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XEVO QTOFMS

Quadropole electrospray (+ve)
with time of flight MS

Waters Ultraperformance
Accuity LC

938.4819

KR16:  7-Oxo-amphotericin B (9)

(composite value, many scans over peak
with 0.05 Da window)

KR16:  7-Oxo-amphotericin B (9)
XEVO QTOFMS

MH+ = C47H72NO18 = 938.4749

Observed 938.4752

*
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500 MHz NMR of KR16
native in d4-MeOH

water suppressed
(2 x RPHPLC) 300K

CHHC=O

KR16:  7-Oxo-amphotericin B (9)

2.40 (1 H, m, 34-H)

2.53 (1 H, dd, J 17.5 and 3.0, 6b-H)

2.88 (1 H, dd, J 17.5 and 9.2, 6a-H)

Selected part of proton NMR showing C-6 protonsKR16:  7-Oxo-amphotericin B (9)
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500 MHz COSYDQF  in methanol 300KKR16:  7-Oxo-amphotericin B (9)

4.26(1H)

4.26/1.75

4.41(15)/1.69(14)

4.29(3)/1.52(4)

4.36(5)/1.52(4)

4.29(17)/1.29(18b)

4.29(2H)

4.43

4.41

4.36

4.36/1.39wk

4.29/1.39wk

KR16:  7-Oxo-amphotericin B (9)
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KR16 NATIVE x2 RPHPLC DMSO 13C{1H} / 308K

Suggestive of a second minor stable conformer in DMSO

Material used was 2 x RP-HPLC

KR16:  7-Oxo-amphotericin B (9)

Some assignments by analogy with related compounds

No HSQC available.

212.75

13C NMR showing ketone (7-C) resonance
KR16:  7-Oxo-amphotericin B (9)

minor
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171.18

KR16:  7-Oxo-amphotericin B (9)

1-C

137.18

136.71
134.65

134.56
133.98

133.87(2C)

129.73
131.53

132.34

132.47

132.55

132.63

132.51

KR16:  7-Oxo-amphotericin B (9)
14 x H-C=C
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96.98 (d)

97.66 (s)

KR16:  7-Oxo-amphotericin B (9)

1′-C

13-C

73.19

75.77

78.06

79.77

KR16:  7-Oxo-amphotericin B (9)

minor

All are CH-OH

Downfield of any in amphotericin B, C-8?
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70.46

70.30
69.61

68.38

66.50

66.13
66.06

65.91

65.65

All are CH-OH

KR16:  7-Oxo-amphotericin B (9)

minor

13 resonances between 65 and 80 ppm

ppm values are too different to that for
amphotericin B for assignment. (1 x C??)

58.59 (d)

56.34 (d)

KR16:  7-Oxo-amphotericin B (9)

minor

3′-C

16-C
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47.52(t)

46.96(t) 44.57(t)

43.87(t)

43.04 (t)

42.28(t)

44.32

KR16:  7-Oxo-amphotericin B (9)

41.18 (d)

40.65 (t)

d6-DMSO
39.75

KR16:  7-Oxo-amphotericin B (9)
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18.88

18.25

17.46
12.64

KR16:  7-Oxo-amphotericin B (9)

minor

minor

APT –attached proton test.

d6-DMSO, 308K (35 C)

CH/CH3

C, CH2

KR16:  7-Oxo-amphotericin B (9)
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37.38(wk, t)

40.18(d)

40.67(d)

40.36(d)

41.18(t)

d6-DMSO
39.75

Resonances under DMSOAPT
KR16:  7-Oxo-amphotericin B (9)

KR12 ΔNM

Me

O

HO
Me

OMe

OH OH OH OH O
Me

O

O
OH

O
OH

Me

OH
NH2

8
16

19

1'

40

38
1

OH

15-Deoxy-16-descarboxyl-16-methyl-15-oxo-amphotericin B (16)  RMM= 891.6

16-descarboxyl-8,15-Dideoxy-16-methyl-15-oxo-amphotericin B (20) RMM = 875.5

and the 8-deoxy analogue:

KR12 ΔNM
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Precipitate (from MeOH extraction) redissolved in MeOH

404, 382 and 363 nm

KR12 ΔNM

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00
Time3

100

%

0

100

%

GE-BM-20 UV
An1

1.94e4
48.6348.04

45.43

3.480.21 5.12
6.42

42.8927.5513.65
15.12

36.7931.86

48.82

51.35

51.48

52.25

GE-BM-20 1: Scan ES+ 
TIC

3.96e5
51.06

50.50

48.10

45.50

30.7422.94
22.14

14.42

24.50

27.62
44.2636.90

32.06 38.42 42.94

51.22

51.42

53.14
53.94

55.34

56.74

58.06

KR12 ΔNM
ESMS(+ve)

t = 45.4

48.0 48.6/8

RP-LCMS of methanol extract, concentrated and redissolved in MeOH.
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30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-20 1137 (45.504) Cm (1129:1143-1112:1121) 1: Scan ES+ 
1.65e4892.7

729.6

893.7

894.7

914.6

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-20 1182 (47.304) Cm (1174:1184-1102:1117) 1: Scan ES+ 
2.00e3874.6

693.6

675.6624.6527.4 604.5 655.4
695.5 723.8

860.8833.7763.6

876.6

877.6

895.7
916.7

984.8965.6
928.2 1069.81028.3

1085.0

KR12 ΔNM
ESMS(+ve)

45.5 min

47.3 min

892.7 = MH+

15-Deoxy-16-descarboxyl-16-methyl-15-oxo-amphotericin B (16) = 891.6

874.6 = M-water+H+

A MAIN PEAK

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-20 1202 (48.104) Cm (1195:1208-1109:1123) 1: Scan ES+ 
1.23e4876.7

713.6 874.6

877.7

924.6
878.7

926.6946.6

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-20 1221 (48.864) Cm (1213:1223-1089:1103) 1: Scan ES+ 
5.36e3908.6

608.7

594.7

890.6
876.9745.6622.7

727.6 858.7

835.6

909.7

910.6
979.6

965.6

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-20 1265 (50.624) Cm (1256:1265-1228:1237) 1: Scan ES+ 
1.01e4552.8

538.8

524.8

875.9

553.8

566.9 820.8
580.8

594.9
646.9608.8 727.5 793.0

779.7
834.7

876.9

889.9

904.9 1000.9987.1

KR12 ΔNM

ESMS(+ve)
48.1 min

50.6 min

876.7 = MH+

908.6

875.9

8,15-Dideoxy-16-descarboxyl-16-methyl-15-oxo-amphotericin B (20) = 875.5

(non-amino deoxysugar?)

48.9 min

A MAIN PEAK

A MAIN PEAK Unexplained M+16+H+
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KR12 ΔNM

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00
Time31

100

%

0

100

%

GE-BM-21 UV
An1

1.98e4
48.14

45.54

43.071.80 27.705.37
2.73

13.989.8111.62 17.92 20.92 26.74 36.8632.48 41.8339.87

48.70

48.89

51.42

52.32

57.13

GE-BM-21 Scan ES- 
TIC

5.80e4
56.87

56.66

56.27
55.19

54.66
53.68

53.40

52.28

51.13

56.97

57.92

58.23

58.51

59.07

ESMS(-ve)

45.5

48.1

48.7

48.9

LCMS

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-21 1304 (45.666) Cm (1293:1308-1261:1279) Scan ES- 
215936.7

927.3

656.8624.9570.9538.9516.1
812.7770.5

673.2
716.4 852.6 876.0896.2

937.6

938.6

1004.7

996.4943.4 1173.9
1158.2

1087.61018.9 1044.4
1189.7

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-21 1352 (47.347) Cm (1342:1357-1260:1278) Scan ES- 
59918.6

529.3

526.1

852.6584.2572.9

545.5

625.2 654.4 723.1691.0 817.5745.5 789.8 841.1

911.6

881.6

938.7

1036.6
950.4 985.6

968.0

1005.7
1052.4

1138.81087.5

1172.5 1188.9

ESMS(-ve)
936.7 (891.7 + formate-)

45.7 min

47.4 min

15-Deoxy-16-descarboxyl-16-methyl-15-oxo-amphotericin B = 891.6

918.7 (891.7 -water + formate-)

A MAIN PEAK

30-Sep-2009SAMPLE KR12 NM Ext 1 H2O/0.1%FA--MeOH GRAD] uv405

500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z0

100

%

GE-BM-21 1378 (48.257) Cm (1369:1381-1320:1332) Scan ES- 
113683.6

504.7

512.3
579.4539.7

640.3601.0
673.7

920.7

684.7
910.6

752.3685.7

726.6 837.3803.2767.8
886.1865.8

921.8

922.7

988.7

936.9 968.6
1019.5

998.7 1055.8

1035.2

1131.81096.5 1158.0
1179.2

920.7 (M+ formate-)
48.2 min

8,15-Dideoxy-16-descarboxyl-16-methyl-15-oxo-amphotericin B = 875.5

A MAIN PEAK

KR12 ΔNM
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Decaketide product 21 from KR10-1 mutant

6-[(1E,3E,5E,7E,9E,11S,12S,13S,14S)-12,14-Dihydroxy-11,13-
dimethyl-1,3,5,7,9-pentadecapenten-1-yl]-4-hydroxy-3-methyl-
2-pyrone

KR10-1 Decaketide (21)

KR10-1 Decaketide (21)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

1

M      1       2       3        4       5         6  
Analysis of the KR10 

coding region in wild-type 
and mutant strains.  PCR 
primers KR10CF and 
KR10CR2 were used to 
amplify the KR10 coding 
region from S. nodosus
(lane 1) and the KR10-1 
mutant (lane 2).  
Treatment with HindIII 
revealed that the DNA 
amplified from S. nodosus
was resistant to digestion 
(lane 3) whereas that from 
the mutant contained the 
expected site (lane 4).  In 
control digests, Bcl I cut 
the PCR products from 
both strains at an internal 
site (lanes 5 and 6).       

10

kB

3

2

1.5

0.5

Evidence for inactivation of KR10-1 coding sequence
KR10-1 Decaketide (21)
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1    2     3     4     5     6     7     8     9   10  

950 

749 
715 
645 

469 

bp

Analysis of AmphC ACP coding sequences in S. nodosus and the KR10-1 mutant

PCR analysis of ACP coding sequences in modules 3 to 8.  Lanes 1, 3, 5, 7 and 9, DNA 
amplified from S. nodosus genomic DNA with primers for sequences encoding ACPs 3, 
4, 5, 6 and 7, respectively.  Lanes 2, 4, 6, 8 and 10, DNA amplified from S. nodosus KR10-
1 genomic DNA with primers for sequences encoding ACPs 3, 4, 5, 6 and 7, respectively.  
The ACP5 and ACP6 coding sequences are missing from the KR10-1 mutant (lanes 6 and 
8).  

The sequences of the oligonucleotide primers were (5′ – 3′): 
ACP3F, TTCGTGCTCTTCTCGTCCGTC; ACP3R, CCGAAGAAGTCGGCGTCGAAG;
ACP4F, ACCGATGAGGCCGCTCTCGT; ACP4R, GATCACGATCGGGTCGTCGT;
ACP5F , AACGCCTTCCTGGACGCACT; ACP5R, GAGCAGTCGCCACAGGTCCT;
ACP6F, CAACGCGGGTCAGGCCAACTA; ACP6R, GAAGCTCGTCCAGGATGAAGT;
ACP7F, TCTGGACCTGGACGCGTTCAT; ACP7R, GGCTCCGAAGAGTTCGTCGTG.

18-Feb-2009KR10

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z0

100

%

bm9339-2 11 (1.065) Cm (3:20) 2: Scan ES- 
2.79e5385.1

282.8

771.3
401.0

402.1 1158.3
772.6

KR10 ESMS Negative Ion mode

KR10 ESMS Positive Ion mode

18-Feb-2009KR10

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
m/z0

100

%

bm9339-2 6 (0.552) Cm (3:7) 1: Scan ES+ 
1.09e5387.1

369.1
278.9

1160.1

773.0

408.9
774.9

902.3

1176.4

1568.6

386+1, (386x2)+1, (386x3)+1, (386x4)+1
and small amounts of +23

Dimerisation and trimerisation in MS (with single charge)

Shows 386-1, (386x2)-1, and (386x3)-1

Dimerisation and trimerisation in MS (with single charge)

KR10-1 Decaketide (21)

(plus low levels of plus oxygen)
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UV spectrum. Max at 422, 400(max), 380(sh) and 311.

KR10-1 Decaketide (21)

FAB Accurate Mass Data

Observed: 387.21628

C23H31O5 requires

387.21637

387
FAB-MS

KR10-1 Decaketide (21)
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500.1 MHz, d4-MeOH, ca 30 mgs in tube.

x

x

Proton NMR
KR10-1 Decaketide (21)

Ten multiplets, plus singlet.

7.086
2′-H 6.59

4′-H

6.072

5-H

5.89

10′-H

KR10-1 Decaketide (21)
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KR10-1 Decaketide (21)

2.48(11′)/1.03(16′)
1.74(13′)/0.85(17′)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

KR10-1 Decaketide (21)
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5.88(10′ )/2.48(11′)

4.00(14′)/1.14(15′)

4.00(14′)/1.74(13′)

x

3.42(12′)/1.73(13′)

3.42(12′)/2.48(11′)

x x

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

KR10-1 Decaketide (21)

7.10/6.39 7.10/6.16

6.19(9′)/5.88(10′)

5.89(10′)7.09(2′) 6.59

6.19/5.88

6.59/6.35

KR10-1 Decaketide (21)
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10 x C=C

2 x C=C-O

MeOH

13C NMR

KR10-1 Decaketide (21)

166.58
166.17
156.86

17.71
11.65
10.16
7.28

140.23 (5.89) 10′-C
138.38 (6.59) 4′-C
136.20 (6.43) 6′ or 7′-C
135.20 (6.345) 5′-C
134.92 (7.08) 2′-C
131.71 (6.338) 8′-C
130.92 (6.264) 6′ or 7′-C
130.67 (6.384) 3′-C
129.86 (6.183) 9′-C
121.22 (6.158) 1′-C

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

KR10-1 Decaketide (21)
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100.63 (C-H)

99.23 (quart)H = 6.07

(5-C) (2-C)

KR10-1 Decaketide (21)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

77.67 (3.415) 69.13 (4.014)

(12′-C) (14′-C)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

KR10-1 Decaketide (21)
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42.3 (1.733)
39.50 (2.48)

(C-11′)(13′-C)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

KR10-1 Decaketide (21)

KR10-1 Decaketide (21)
DEPT135: No methylene carbons.

100.8

19 x C-H or -H3
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Heterocorrelation NMR

KR10-1 Decaketide (21)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'
69.1(14′)/4.00

77.5(12′)/3.41

42.4(13′)/1.74
39.1(11′)/2.47

7.0(7)/1.91

17.8(15′)/1.13

9.8(17′)/0.85

11.4(16′)/1.02

MeOH

KR10-1 Decaketide (21)
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100.63(5)/6.07

134.92/7.08

140.23 (10′)/5.89

121.22/6.16

KR10-1 Decaketide (21)

Me

HO
Me

Me OH

O

O

OH

Me1

51'

10'

15'

16'

7

17'

138.4/6.59

129.9 (9′)/6.183

130.92/6.264

129.86/6.183

136.20/6.43

131.71/6.338

130.67/6.384

(to 7.08)

135.20/6.345

KR10-1 Decaketide (21)
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Position of the dihydro, and stereochemistry assumed from amphotericin B

KR10-2 Dodecaketide ‘tetraene’ (24)

(and trace ‘heptaene’ analogue)

Me

HO
Me

Me OH

O

O

OH

Me1

14'

19'

7

21' 1'
6

6-[(1E,3E,5E,7E,11E,13E,15S,16S,17S,18S)-16,18-Dihydroxy-
15,17-dimethyl-1,3,5,9,11,13-heptadecahexen-1-yl]-4-hydroxy-3-methyl-2-pyrone  (24)

C27H36O5 = 440.4

KR10-2 Dodecaketide ‘tetraene’ (24)

HPLC of ppte (prior to washing) RPHPLC

Max 440

460(sh) + 420(sh)

376, 343.

Heptaene peak

T = 36.5 min

KR10-2 Dodecaketide

‘Heptaene’

‘Heptaene’
[not (24)]

437 nm
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Max 399 nm

HPLC of ppte (prior to washing) RPHPLC Tetraene peak (24)

T = 37.9 min

KR10-2 Dodecaketide tetraene (24)

(24)

(24)

‘tetraene (24)’

‘tetraene (24)’

390 nm

26-Aug-2009kea15 spot off column

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
m/z0

100

%

kea1554-2 8 (0.453) Cm (4:15-55:56) 2: Scan ES- 
6.18e3439.4

425.8388.3
112.8 311.2201.1

440.4

27-Aug-2009fraction 12

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
m/z0

100

%

kea1556-2 10 (0.560) Cm (6:17) 2: Scan ES- 
1.31e4x4126.6

68.8

61.9

96.8

98.8

437.3329.2
273.1

253.0
287.1 327.2 431.1

439.3

473.3 487.3

Dodecakaketide, tetraene (24)  HPLC fraction RMM 440.4

Dodecakaketide, heptaene HPLC fraction, RMM 438.4

ESMS(-ve) analysisKR10-2 Dodecaketide tetraene (24)

439.4 = M-H+

437.3 = M-H+

Me

HO
Me

Me OH

O

O

OH

Me1

14'

19'

7

21' 1'
6
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500 MHz NMR, RT in d4-MeOH

KR10-2 Dodecaketide tetraene (24)

Flash column fractions containing
mainly tetraene by UV and MS

2.23 (2 H, m)
2.20(2 H, m)

2.30 (1 H, m)

2.20 and 2.23 
(2 x 2H, 2 x m, 4 x allylic H)

impurity

KR10-2 Dodecaketide tetraene (24)
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2.41 (1 H, ddq 7.2, 3.4, 7.2, 15′-H)

KR10-2 Dodecaketide tetraene (24)

KR10-2 Dodecaketide tetraene (24)
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KR10-2 Dodecaketide tetraene (24)

4.01/1.125

3.374/1.725

2.47/1.01

1.729/0.833

5.67/2.41

5.61/2.19
5.84/2.22

KR10-2 Dodecaketide tetraene (24)
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7.09/6.37+6.15

6.58/6.37+6.26

6.17/7.09+5.83

6.06/5.61
6.05/5.67

6.17/5.84

6.37/6.26

7.09/6.38

KR10-2 Dodecaketide tetraene (24)

KR10-2 Dodecaketide tetraene (24) 13C NMR

-CH2CH2-

168.04 (s)
167.72 (s)
158.29 (s)
139.78
137.66
137.48 (2C)
136.32
132.56
132.51
132.28
131.78 (2C)
130.98
122.52

102.05(d)
100.58(s)

79.28
70.58

43.63(d)
40.55(d)
34.00(t)
33.45(t)

19.12
13.20
11.58
8.69

x xx
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KR10-2 Dodecaketide tetraene (24)

KR10-2 Dodecaketide tetraene (24)
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DEPT 135

KR10-2 Dodecaketide tetraene (24)

-CH2CH2-

HSQC (heterocorrelation NMR)KR10-2 Dodecaketide tetraene (24)

79.21/3.386

70.56/3.99

101.96/6.064

Edited HSQC (sensitivity improvement 
+ adiabatic decoupling and refocussing)
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Edited HSQC (sensitivity improvement 
+ adiabatic decoupling and refocussing0

imp

8.79(7)/1.908

33.5/2.211

40.38(15′)/2.408

19.11/1.131

43.58/1.728

imp

imp

11.43/0.836

12.95/1.005

KR10-2 Dodecaketide tetraene (24)

122.51/6.16

130.98/6.05

131.78/6.37

131.78/6.26

136.32/7.08

137.66/5.84

137.48/5.67
137.48/6.38

139.79/6.56

132.5/6.06
132.5/5.60

132.28/6.17

KR10-2 Dodecaketide tetraene (24)

Heterocorrelation NMR

Double bond region
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