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Antimycins, Inhibitors of ATP-Citrate Lyase, from a Streptomyces sp.
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A related group of compoundsbelonging to the antimycin class of antibiotics was found in
culture broth produced by a Streptomyces species. The group includes known antimycins Al5 A2,
A3 and A4, and new antimycins A1 and A8. These compounds inhibit ATP-citrate lyase with Ki
values of 4 to 60 fiM against the substrate magnesiumcitrate. The structures of the newantimycins
were determined by spectroscopic analyses.

The ATP-dependent formation of acetyl-CoA from
citrate is catalysed by a cytoplasmic enzyme called ATP-
citrate lyase. This reaction provides the major source of
acetyl-CoA for the biosynthesis of fatty acids and cho-
lesterol. 1* Therefore, an ATP-citrate lyase inhibitor is ex-
pected to block in vivo lipogenesis and cholesterogenesis,
leading to beneficial lowering of serum triglyceride and
LDL-cholesterol levels.

Werecently reported the isolation of a potent and
competitive inhibitor of the substrate magnesiumcitrate
(Mg. citrate).2) In the course of screening for other ATP-
citrate lyase inhibitors we isolated a series of antimycins
which also inhibit the substrate Mg. citrate. The anti-
mycins were first isolated from a Streptomyces sp. in
1949 3) structure determination of antimycin A1 was
completed in 1961,4'5) and the absolute configuration
established by Kinoshita et al6) More recently the

isolation of related antimycins A2 to A6 was reported,
and each shown to be a mixture of two closely related
isomers.7) The class is characterised by the presence of
a carboxy phenol amido unit, a nine-memberedcyclic
bis-lactone, and two alkyl side chains of varying carbon
length. Although first identified as antibiotics, more re-
cently antimycins have been reported to inhibit the elec-
tron flow in the mitochondrial respiratory chain between
cytochromes b and cx. They have been used extensively
to investigate the energy metabolism in eukaryotic organ-
isms, and have been used commercially as fungicides.7)
Wenow report that antimycins are ATP-citrate lyase
inhibitors. Two of these inhibitors, antimycin A7 and
antimycin A8, are new compounds (Figure 1). In this
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study we wish to report the fermentation, isolation and
structure determination leading to the identification of
antimycin A7 and A8. Wealso report the ATP-citrate
lyase inhibitory activity of the antimycins.

Materials and Methods
Microorganism

An actinomycete culture, deposited in Sterling Win-
throp's Culture Collection, Collegeville, PA, USA, and

Fig. 1. StructuresforantimytinsAl9A2,A3,A4,A7,andA8.
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designated as SC2221, was isolated from a soil col-

lected at Mountain Dandah, Nantu County, Taiwan.
The culture was examined by standard fatty acid methyl
ester analysis to determine the similarity grouping.8)

Results from this analysis classified this organism as a
Streptomyces sp.

Fermentation

Seed culture for the inoculation of production media
was typically prepared as follows: 7- 10 day old agar
slants were washedwith sterile water and the culture
wash was used as inoculum into seed medium. Al-
ternatively, frozen culture was used directly as inoculum.
In both cases approximately one ml was transferred from
stock to the 30ml of seed mediumcontained in a 250ml
shake flask. The seed medium consisted of (% w/v):
glucose 2.0, Pharmamedia (Traders Protein) 1.5, (NH4)-
SO4 0.3, ZnSO4-7H2O 0.003, CaCO3 0.4, yeast extract
0.5 (pH adjusted to 7.0 prior to sterilisation). The flask
was incubated under humidity control (75%) at 27°C

and aerated at 220 rpm in a New Brunswick Innova 4900
environmental shaker for 24-48 hours. One ml of seed
culture was transferred to 30ml production medium in
250ml shake flasks containing (% w/v): glycerol 2.0,
dextrin 2.0, soytone 1.0, yeast extract 0.3, (NH4)2SO4
0.2, soytone 1.0, CaCO3 0.2 (pH adjusted to 7.0 prior
to sterilisation). The culture was harvested after 4 days
incubation in the production medium. Production of
antimycins was monitored both by bioassay and by
reverse phased HPLC.
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ATP-Citrate Lyase Binding Assay
Rat liver ATP-citrate lyase was purified as previously

described2) and incubated for 15~60 minutes at 37°C
in 0.40ml of 200mM Tris-Cl (pH 8.4), 200mM hy-

droxylamine, 20mMtripotassium citrate, 10 mMMgCl2,
10mM2-mercaptoethanol, 5mMATP and 0.1 mMCoA.
The reaction was quenched by mixing with 0.48ml of
20% trichloroacetic acid. Following mixing with 0. 12 ml
of 2m FeCl3, acetyl hydroxamate was determined by
measurement of absorbance at 520nm.9) A standard
curve was generated using succinyl hydroxamate as

described. 10*

Isolation ofAntimycins A1? A2, A3, A4, A7, A8
The whole culture (1 litre) was extracted with ethyl

acetate (1 litre, 2x). The dried ethyl acetate extract

(560mg) was then extracted with hexane. The hexane
insoluble material (108 mg) was further separated using
preparative HPLCon an ODSC-18 reverse-phased silica
gel column (YMC-Pack, 15 x 250mm; YMCCo., Ltd.)
using a gradient, from 75 : 25 acetonitrile - water to 90 : 10
acetonitrile-water over 30 minutes at a flow rate of
3 ml/minute. Antimycins eluted in the order A4, A7, A3,
A8, A2, Ax (Figure 2).

Physical and Spectroscopic Data for Antimycins A7
and A8

Spectroscopic data for antimycins A^A4 were in
agreement with literature data.1 1 " 14*

Antimycin A7: white solid; [a]p5 +72° (c 0.5, chloro-
form); HRFAB-MS MH+ 521.2499 (calculated for C26-

Fig. 2. Preparative HPLCseparation of antimycins, using an ODScolumn with a gradient from 75 : 25 acetonitrile-water to
90 : 10 acetonitrile-water over 30 minutes.
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Table 1. XH NMRspectral data (in CDC13) for antimycins Al9 A2, A3, A4, A7, and A8.

Ax
A4 A7

4-Me

9-Me
4'

5'

6'

a

HCO
HCON//

5.32 t (7.7)

5.75 p (7.0)

2.52 m
5.ll t(9.9)
4.97 m
1.30 d (6.7)
1.28 d (6.3)

8.54d (8.1)

6.89 t (8.1)

7.23 d (8.3)

1.68m, 1.23m

5.31 t (7.7)
5.75 p (7.2)
2.51 m
5.09 t (10.0)
4.98 m
1.31 d (6.7)
1.27 d (6.2)
8.54 d (7.9)
6.90 t (8.1)
7.23 d (8.2)
1.72m, 1.23m

1.23 m
1.23 m

5.32 t (7.7)
5.74 p (6.8)
2.52 m
5.ll t(9.9)
4.99 m
1.30 d (6.7)
1.28 d (6.3)
8.53 d (8.0)

6.90 t (8.1)
7.23 d (8.2)

1.68m, 1.24m

5.29 t (7.7)
5.73 p (6.9)
2.53 m
5.08 m
4.98 m
1.30 d (6.7)
1.28 d (6.1)
8.54 d (8.1)
6.91 t (8.1)
7.23 d (8.2)
1.72m, 1.25m

5.27 t (7.7)
5.73 p (6.8)
2.50 m
5.09 t (9.8)
5.00 m
1.31 d (6.7)
1.29 d (6.2)
8.54 d (8.0)
6.91 t (8.0)
7.23 d (8.0)
1.68m, 1.36m

5.28 t (7.6)
5.73 p (7.0)
2.49 m
5.09 t (9.9)
4.99 m
1.31 d (6.6)
1.29 d (6.0)
8.54 d (8.1)

6.92 t (8.1)
7.23 d (8.3)
1.67m, 1.36m

1.24m
1.25m 1.17m

1.25m

1.23m
1.23m

1.24m
1.25m

1.50m
1.47m

1.23m

1.23m

1.23 m
1.23m

0.85 t (7.1)

8.50 d (1.7)
8.03 bs

l'-CON// 7.09 d (7.7)
2-OH 12.58 s

0.85 t (7.0)

8.50 d (1.6)
8.02 bs
7.08 d (7.7)

12.59 s

component a
2" 2Ai m 2.35 t (7.4)
3" 1.75m, 1.50m 1.66m

4" 0.94 t (7.4) 0.97 t (7.4)
5" 1.18 d (7.0)

component b
2" 2.24 d (6.8) 2.58 m
3" 2.13 m 1.20 d (7.0)

4" 0.98 d (6.6) 1.21 d (7.0)

5" 0.98 d (6.6)

0.85 t (7.1)
0.86 t(7.2)

8.50 d (1.7)
8.02 bs
7.08 d (7.7)

12.59 s

2.41 m
1.75m, 1.48m
0.94 t (7.5)
1.17 d (7.0)

2.24 d (6.6)
2.13m
0.98 d (6.6)
0.98 d (6.6)

8.49 d (1.5)
7.92 bs
7.05 d (7.7)

12.59 s

2.34 t (7.3)
1.68 m
0.98 t (7.4)

2.60 m
1.21 d (6.9)
1.20 d (6.9)

0.84 d (6.6)
0.84 d (6.6)

8.49 d (1.3)
7.88 bs
7.04 d (7.7)

12.60 s

2.35 t (7.4)
1.66m

0.98 t (7.3)

2.61 hep (7.0)
1.21 d (7.0)
1.20 d (7.0)

0.84 d (6.6)
0.84 d (6.6)

8.50 s
7.91 bs
7.05 d (7.6)

12.61 s

2.42 m
1.71 m, 1.49m

0.94 t (7.4)
1.19d(7.1)

2.24 d (6.7)
2.14m
0.99 d (6.6)
0.99 d (6.6)

H37N2O9 is 521.2500); UV (methanol) Amax 227 (e38000),
319 (6200); IR vmax 3373, 2958, 1749, 1642, 1532, 1367,
1180, 1147, 748 cm"1; MP 165~168°C; XH and 13C

NMR(Tables 1 and 2).
Antimycin A8: white solid; [a]js5 +70° (c 0.5, chloro-

form); HRFAB-MS MH+ 535.2648 (calculated for

C27H39N2O9 is 535.2657); UV (methanol) Amax227 (s

37800), 319 (6000); IR vmax 3372, 2958, 1748, 1642, 1533,
1367, 1181, 1147, 737cm"1; MP 160~164°C; XH and
13C NMR, Tables 1 and 2.

Results and Discussion

Fermentation

Biosynthesis of the antimycins was reproducible using
the fermentation conditions described above. Attempts
to increase the titre of antimycins or to alter the ratios
of the different homologues by modifying the threonine,
soybean oil, olive oil, or Pharmamedia content of the

mediumwere unsuccessful. Fermentation time studies
revealed the optimum incubation time to be 96 hours,
at which time the pH of the production mediumwas 8.0.
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Culture broth harvested at 96 hours yielded concentra-
tions of antimycins, as follows: A1? 23.2/ig/ml; A2,

12.7/ig/ml, A3, 9.3/xg/ml, A4, 3.5/xg/ml, A7, 8.5/ig/ml,
A8, 14/zg/ml. These concentrations were determined

using quantitative HPLCcomparison with commercial
standards ofA1 to A4.

Isolation and Structure Determination
of Antimycins

The antimycins were isolated using a bioassay directed
isolation, monitoring the inhibitory activity of ATP-
citrate lyase. The structures of antimycins A1? A2, A3,
and A4 were identified by comparison with reference
compounds obtained from Sigma Chemical Co. The XH
NMRspectrum for antimycin A7 indicated that A7
differed from antimycins A2 and A4 only at the 7-alkyl
sidechain and that antimycin A7 is a mixture of two
closely related compounds, A7a and A7b, which could
not be preparatively separated. Antimycins AX ~A4 are
each a mixture of two closely related compoundswhich
have been separated analytically but not preparatively. 1 1}
For antimycin A7, high resolution mass spectrometry
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Table 2. 13C NMRspectral data (in CDC13) for antimycins Als A2, A3, A4, A7, and A8.

SEPT. 1997

Atom Ai A2 A3 A4 A7

3

4

6

7

9

4-Me

9-Me

V
2'

3'

4'

5'

6'

HC=O
l '-CONH

a

P

y

s

170.10 170.10 170.10

53.69 53.65 53.66

70.89 70.90 70.91

172.92 172.90 172.93

50.15 50.13 50.ll

75.40 75.35 75.31

74.91 74.90 74.92

14.96 14.96 14.96

17.82 17.80 17.81

112.64

150.64

127.52

124.82

118.95

120.08

159.06

169.38

112.63

150.64

127.51

124.81

118.95

120.07

159.05

169.38

28.20

22.40
27.00

28.90
97

112.62

150.65

127.52

124.82

118.94

120.08

159.07

169.38
28.45

22.43

26.96

31.44

28.92
13.93

13

175.21

41.27

26.46

ll.66
16.72

171.90

36.08

18.34

13.94

175.21

41.29
26.48

ll.66
16.71

170.ll 170.10 170.09

53.70 53.82 53.71

9670.91 70.94
70

172.93

50.38

75.51

74.92

14.98

17.89

112.61

150.67

127.45

124.86

119.01

120.09

158.96

169.42

26.36

27.87
22.13

22.18

172.89 172.93

50.14 50.35

75.36 75.39

74.93 74.92

14.97 14.97

17.80 17.82

112.63

150.67

127.51

124.84

119.00

120.08

158.98

169.41
26.25

36.ll

27.83

22.45

112.63

150.66

127.51

124.85

119.00

120.06

158.92

169.43

171.63

36.10
18.37

13.68

171.80
36.ll
18.35
13.66

175.50
41.33
26.51
ll.73
16.79

171.66 175.50 171.66 175.53 175.52 171.65

43.22 34.14 43.23 34.15 34.17 43.26

25.47 18.91 25.47 18.93 18.93 25.50

22.40 18.92 22.38 18.94 18.99 22.43

22.40 22.38 22.43

gave a molecular formula of C26H36N2O9.This requires
that the alkyl side chain has the formula C5Hi]L. COSY
connectivities from a methine at 2.50ppm (7-H) to

methylene hydrogens at 1.68 and 1.36ppm (Ha), from
Ha to a methylene at 1.17ppm (H^), from H^ to a methine
at 1.47ppm (Hy), and from Hy to a six hydrogen methyl
doublet at 0.84ppm (H5 and He), indicated that the alkyl
side chain is isopentyl (3-methylbutyl). HMBC con-

nectivities from Hs and H£ to Cy and C^ support this
side chain structure.

The structure of antimycin A8 was determined similar-
ly to that of A7, and differed from antimycins Ax and
A3 only at the 7-alkyl side chain. The structures of

antimycins AX~A4and A7~A8 are shown in Figure 1
and the NMRdata in Tables 1 and 2. NMRassignments
for all compounds were obtained with the aid of COSY,
DEPT, HMQCand HMBCspectra.

Biological Activity of the Antimycins

The antimycins are inhibitors of ATP-citrate lyase
against the substrate Mg. citrate with the following Ki
values: Antimycin Al5 29.5/^m; antimycin A2, 4.2/im;
antimycin A3, 60.1 jllm; antimycin A4, 64.8jllm; anti-

mycin A7, 55.0/^m; antimycin Ag, 4.0jim.
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