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Biosynthetic studies using 13C- and 2H-labeled compounds revealed that the carbon skeletons
of cochleamycins A and B were derived from eight acetic acid units and one propionic acid unit
with the introduction of an acetoxy group at C-10, which was replaced by an isobutyryl residue
derived from valine in cochleamvcins A2 and B2.

In previous papers, we reported the taxonomy of the
producing organism of cochleamycins, and the produc-
tion, isolation, biological activities, physico-chemical
properties and structures of cochleamycins1>2). This

paper reports the results of biosynthetic studies on these

antibiotics using 13C- and 2H-labeled precursors.
The unique polycyclic skeletons of cochleamycins (Fig.
1) described in the previous paper2) stimulated us to
reveal their biosynthetic pathways. Since the frame-

work of cochleamycin A (1) is identical with that of
cochleamycin B (2) except for the linkage between C-4
and C-16, 2 is assumed to be formed by a reductive
transannular cyclization of 1.
Since the production of cochleamycins began between

48 and 72 hours after starting cultivation1}, labeled

substrates were separately added to the producing

Fig. 1. Total structures of cochleamycins.

cultures at 48 hours (lOOmg/lOOmlmedium in a 500ml
flask) and the fermentation was continued for a further
3days.

Incorporations of [1-13C] or [2-13C]acetate into 1

Fig. 2. Incorporation of labeled precursors into
cochleamycins.
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and 2 were determined from the 13C NMRspectra of
these compoundsand the results are summarizedin Table
1. The 13C NMRspectra of 1 and 2 produced in the
presence of [1-13C] or [2-13C]acetate were compared

with those of unlabeled 1 and 2 by taking C-10 as a
standard which was labeled by [3-13C]propionic acid

MAR. 1996

(vide infra). The peaks due to C-l, -3, -6, -8, -12, -14,
-16, -19 and -21 were enhanced 3-7 folds by [1-13C]-

acetate, while those ofC-4, -5, -7, -9, -ll, -13, -15, -17,

-18 and -22 were enriched 3-7 folds by [2-13C]acetate
in 1 and 2. The feeding experiment using [1,2-13C]acetate
followed by analysis of 13C-13C couplings established

Table 1. 13C enrichment in cochleamycins A and B obtained from feeding experiments with 13C-labeled
precursors.

Carbon
atom

relative 13C intensities31 Coupling constant (Hz) Acetate unit
[1 -13C]Acetate [2-13C]Acetate [3-13C]Propionate [i ^-^CJAcetate CH2CO2H
A B A B B b) ~~A B~

7.0

3.6

0.6

0.6

4.1

0.9

5.8
0.9

1.0

0.7

5.1

0.5

4.3

0.8

3.5

0.5

0.7

3.7

1.2

4.3

0.5

0.6 0.7

0.6 1.4

3J5 4J)

M ±A
0.8 1.2

^2 6,5

1.1 1.4

1.8 1.2

1.0 1.0

3J> 7^0

0.8 1.3

3J> 5J_
0.9 1.3

M 4,6
0.6 1.6

4JJ 5_,9

0.9 1.1

2.0 1.6
0.9
3.7

1.3
3.4

1.0 35.2 34.6

1.4 66.0 47.5

0.6 66.0 47.5

1.5 39.5 34.0

2.0 39.5 34.0

1.1 33.0 32.6

0.8 33.0 32.6

0.8

1.0

1.0

1.0

1.4

1.3

1.4

1.3

1.8

1.8

1.2

18.5

39.0 39.0

39.0 39.0

43.5 40.0

43.5 40.0

39.0 33.8

39.0 33.8

35.2 34.6

39.6 38.0

39.6 38.0

217-1
3-4

5-6

7-8

3-14

5-16

0.7
2.0

58.5 58.5

59.5
59.5

** Peak height ratio of 13C enriched to natural abundance.
b) Inthis experiment, cochleamycin Awasobtained only in atrace amount preventing to take 13C NMRspectra.

Table 2. 13C enrichment in cochleamycins A2 and B2 obtained from feeding experiments with
1 3C-labeled precursors.

Carbon relative 13C intensities" Coupling constant (Hz) Acetate unit
atom [1 -1 3C]Acetate [2-nC]Acetate [3-1 3C]Propionate [1 ,2-1 3C,]Acetate CH3CO2H~A2B2~ ~A2B2~ B2>> A2e)

m

6A

3 4J

4 0.5

5 1.6

6 4J)

7 1.0

8 fij.

9 1.1

10 1.0

ll 0.5

0.7

ZA
3J

1.4

2,5

0.7

1.7

1.0

25

12 M M 1.0 1.2
13 0.8 1.0 2,5 2/L

14 3& 3J> 0.7 1.2

15 , 1.0 0.8 2J. 2A

16 1L5 3J. 1.4 0.9

17 0.6

18 1.0

19 5J

20 å 'å  1.5

21 0.9

22 0.8

23 0.9

24 1.2

2&

zz0.9

1.5

0.7

0.5

1.0

0.9

1.6 35.9 1 7-1

1.2 66.2 3-4

0.6 66.2

0.8 39.5 5-6

0.5 39.5

0.5 33.1

0.6 33.1
0.8

1.0

0.8

1.3

1.0

1.0

1.1

1.1

0.8

0.9

0.9

1L2

0.6

0.8

0.6

1.0

39.5

39.5

40.4

40.4

39.5

39.5

35.9

39.5

39.5

3-14

5-16

a) Peak height ratio of 13C enriched to natural abundance.
b) In this experiment, cochleamycin A2 were obtained only in a trace amount preventing to take 13CNMRspectra.
e> In this experiment, cochleamycin B2 were obtained only in a trace amount preventing to take 13C NMRspectra.
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the incorporation pattern of intact acetate units. Three
carbons C-9, C-10 and C-20, which were not enriched
by either [1-13C] or [2-13C]acetate, were assumed to be
derived from propionic acid. The feeding experiment
using [3-13C]propionate followed by 13C NMRstudies
revealed the enhancement of the signal for C-20 of 2.
The amount of 1 obtained in this experiment, however,

was too poor to give useful 13C NMRinformation. The
labeling patterns of 1 and 2 are shown in Fig. 2. Thus
the frameworks of 1 and 2 were unambiguously clarified
to be derived from eight acetate units and one propionate
unit with the introduction of an acetoxyl group at C-10.

The labeling patterns of cochleamycins A2 (3) and B2
(4) were identical with those of 1 and 2 except for the
incorporation of the isobutyryl side chain (C-21 ~ C-24)
at C-10 as shown in Table 2. The four carbons of this
unit were not enhanced by either [13C]acetate or
[13C]propionate suggesting that valine would be the
origin of the isobutylate unit as in some metabolites3A\
The feeding experiment using [2,3,4,5-2H8]valine as seen
in Fig. 3, revealed that 65% of XH was replaced by 2H
at the C-22, -23 and -24 positions, indicating the

biosynthetic origin of these carbons was apparently valine
(Fig. 2).

Fig. 3. (a) 500MHz 1H NMRspectrum of natural cochleamycin A2. (b) 76.8MHz 2H NMRspectrum of cochleamycin A2
derived from [2,3,4,5-2H8]D,L-valine.

Fig. 4. A possible biosynthetic pathway for cochleamycin A and B.



252 THE JOURNAL OF ANTIBIOTICS MAR. 1996

Fig. 5. Stereochemical aspects in Diels-Alder process.

The possible biosynthesic pathway of 2 via 1 is
suggested in Fig. 4. Oxidation of the allylic methyl
group5) of a plausible intermediate 5 possessing a cis,

trans-diene moiety, followed by Diels-Alder reaction6'7)
and aldol condensation may lead to the formation of 1.
Reductive transannular cyclization at the C-4 and -16
positions of 1, accompanied by elimination of the

hydroxyl group from the C-16 position, may afford 2.
Although a "stepwise" mechanism for reductive

transannular cyclization of 1 is illustrated in Fig. 4, a
"concerted" mechanism usually known in the biosyn-
thesis of terpenoids8) would be possible as well. The
stereochemical aspects at AB- and BC-ring junctions

may be rationalized by endo-addition of the trans-olefm
at the C-6 position to the ll-trans, 13-ds-diene, or

otherwise by exo-addition of the trans-olefin to the 1 1-
cis, 13-trans-diQnQ in the intramolecular Diels-Alder

process (Fig. 5). Attempts to obtain some intermediates
are in progress.

Experimental

Labeled Compounds
Sodium [1-13C], [2-13C] and [l,2-13C2]acetates, so-dium [3-13C]propionate and [2,3,4,5-2H8]D,L-valine

were purchased from MSDIsotopes.

Incorporation Studies
The incorporation studies were conducted as follows:
The strain DTI36 was inoculated into 100 ml ofa medium
consisting of glucose 2.5%, soy-bean meal 1.5%, dry
yeast 0.2% and CaCO3 0.4% in a 500-ml Erlenmeyer
flask (pH 7.2), and after culturing at 27°C for 48 hours
on a rotary shaker, 100mg of a labeled compound was
added to each flask, and the incubation was continued
for an additional 3 days. The isolation procedure for

[13C] and [2H]cochleamycins was essentially the same
as previously reported. From one liter culture broth,
cochleamycins were obtained in yields of 3~5mg. The
yields of 1 in the [3-13C]propionate feeding experiment,
3 in [3-13C]propionate and [2,3-2H]valine feeding
experiments and 4 in the [l,2-13C2]acetate feeding

experiment were too poor to be analyzed by 13C NMR
studies.
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