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AN APPROACH TO THE BIOSYNTHESIS
OF MACROLIDE ANTIBIOTIC

PLATENO MYCIN

Sir:

Basic 1 6-membered macrolide antibiotic plate-
nomycins* produced by Streptomyces platensis
subsp. malvinus MCRLO3881* were composed
of two major components namely Ax and Bx
and eleven other minor components2'3'4'5'61.

In this communication, we wish to describe the
properties and structures of the five biogenetic
intermediates of platenomycin obtained by block-
ed mutants together with their bioconversion to
platenomycins Ai, Bi and C2.
Our intent was to pick blocked mutants of S.

platensis subsp. malvinus which might produce
biogenetic intermediates of platenomycin (PLM).
Applying the procedure described by Delic
et al. ,1 ] twenty-four non-platenomycin-producing
strains obtained by NTG (N-methyl-N'-nitro-

N-nitrosoguanidine) and/or UVtreatment of a
platenomycin-producing strain were tested for
cosynthesis ability. These mutants were classi-
fied into 8 groups, and the complementation

patterns betweeneach group were as shownin
Table 1. Data in Table 1 suggested that mutants
of groups A, B, C and E were blocked on the main
pathway of platenomycin biosynthesis, and it

was thought that the strains of groups A and B
which acted only as a secretor** might a producer
of valuable biogenetic intermediates of platenomy-
cin.

From cultured broth of the blocked mutants
belonging to group A (strain N-90, N-33 and
U-253), 3-O-propionyl-5-O-mycaminosyl-plate-

nolide I (IH), II (IV) and demycarosyl-platenomy-
cin (V) were isolated, and from that of another
blocked mutants belonging to group B (strain
U-92 and N-22), platenolide 1(1) and II(IT)
which are closely related to the platenomycin
aglycone were isolated as major products.
The properties of these five products were as

follows: Platenolide I (PL-I) (I), C20H32O6;

m.p. 58~60°C; [a]á" +53° (c.l, CHC13); X max
(EtOH) 279.5nm (log e 4.32); vmax (nujol)

3470 (OH), 1725 (lactone and ester), 1 680(ketone),
1630 and 1590 cm"1 (double bond); NMR (100
MHz, CDCI3) 8 0.90 (3H, t, -CH2-CH3), 1.15-
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1,4 (6H, 2x C-CH3), 3.58 (3H, s, -OCH3), 3.74
(1H, d, J=10.5 Hz, H-3), 4.05 (1H, d, J=9.3
Hz, H-5), 6.4-6.8 (3H, m, olefinic), 7.25 (1H,
m,olefinic). I afforded diacetate by the usual
acetylation procedure. The mass spectrum of
diacetyl I showed m/e 452 (M+), 392 (M+-
CH3COOH) and 333 (M+-CH3COOH-

CH3COO. ).
Platenolide II (PL-II) (II), C2oH3406; m.p.

59-61°C; [a]á" +12° (c 1, CHC13); Xmax(EtOH)
232nm (log e 4.46); i> max (nujol) 3450 (OH),
1710-1740 (lactone and ester), 1660 and 1620

cm"1 (double bond); NMR (100 MHz, CDC13)
3 0.95 (3H, t, -CHa^CHs), 1.00-1.30 (6H, 2x

C-CH3), 3.56 (3H, s, -OCH3), 3.78 (1H, d, J=

10.5Hz, H-3), 4.08 (1H, d, J=9Hz, H-5), 4.4

(1H, dd, J=9.6, 4.5 Hz, H-9), 5.64-6.50 (4H,
m, olefinic). II afforded triacetate, of which
mass spectrum showed m/e 496 (M+), 436 (M+-
CH3COOH), 376 (M+-2xCH3COOH), 316

(M+-3 x CH3COOH).
3-O-Propionyl-5-O-mycaminosyl-platenolide I

(PL-I-MC) (III), C31H5iNO10 ; m.p. 110- 113°C;

[a]á" +54.6° (c 0.4, CHC13); X max (EtOH) 279.5
nm (log s 4.33); v max (nujol) 3545 (OH)5 1745

Table 1. Cosynthesis between groups of block-
ed mutants of Streptomyces platensis subsp.

malvinus*

Group (Strain No.)
ABCDEFG

A (N-90, N-33, U-253)
B (U-92,N-22)

C (N-32, U-21,N-l, N-4,
N-5, N-29)

D (N-9,NU-29)
E (N-ll)
F (N-17)

G (N-3, N-15, N-36, N-37)

Doubtful (NU-1, NU-5, N-19,
N-27, NU-58)

--CDEF-

-CDE--

--EC-

--D-

-E-

Complementationpattern_____ _____ __

D

B

G

*-: Indicated no cosynthesis; Cosynthesis was
observed on the lettered position, when an inhibition
zone appeared on the site of the group described.

* These antibiotics were previously reported as antibiotic YL-704.
** Asecretor is a blocked mutant which can not produce an antibiotic substance by itself, but can produce

a biogenetic intermediate.
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(lactone and ester), 1680 (ketone), 1635 and
1595cm"1 (double bond); NMR (100MHz,
CDC13) 8 0.74 (3H, t, -CH2-CH3), 1.0-1.4

(12H, 4xC-CH3), 2.55 (6H, s, -N(CH3)2), 3.61

(3H, s, -OCH3), 3.89 (1H, d, J=9.3 Hz, H-5),
4.38 (1H, d, J-6.9Hz, H-l'), 5.90-6.40 (3H,

m, olefinic), 7.3 (1H, m, olefinic). The mass
spectrum of diacetyl III showed m/e 681 (M+),
621 (M+-CH3COOH), 407 (aglycone ion : AGL+),

333 (AGL+-C2H5COOH), 258, 198, 156 and 129.
The latter four fragments were ascribed to a
diacetyl mycaminose moiety in the molecule.
3 -O-Propionyl-5-O-mycaminosyl-platenolide

II (PL-II-MC) (IV), C31H53NO10; m.p. 114-

115°C; [a]á" +31.5° (c0.4 CHC13), X max(EtOH)
232nm (log e 4.45); v max (nujol) 3430 (OH),
1735 (lactone and ester), 1665 and 1640cm"1

(double bond); NMR (100 MHz, CDC13) 8 0.82
(3H, t,-CHa-CH,), 0.92- 1.38 (12H, 4 x C-CH3),
2.52 (6H, s, -N(CH3)2) 3.58 (3H, ~OCH3), 3.90

(1H, d, J=9.1 Hz, H-5), 4.15 (1H, dd, J-9. 3,

4.5 Hz, H-9), 4.40(1H, d, J=6,6, H-l'), 5.5-6.8
(4H, m, olefinic). The mass spectrum oftriacetyl
IV showed m/e 725 (M+), 666 (M+-CH3COO-),
606 (M+-CH3COO-CH3COOH), 451 (AGL+),
391 (AGL+-CH3COOH), 317 (AGL+-CH3-

COOH-C2H5COOH), 258, 198, 156 and 129.
Demycarosyl-platenomycin (DM-PLM) (V),

C31H51NOn; m.p. 110-115°C; [a]f? -8° (c

0.5, CHC13); X max (EtOH) 232 nm (log e 4.44);
vmax (nujol) 3420 (OH), 2715 (-CHO), 1730

Chart 1. Biosynthetic pathway of platenomycins

Table 2. The mutual bioconversion of five intermediates by washed mycelium of blocked mutants.
Ratio of substrate and bioconverted products

A,, , (mole %)Group Strain J^irL PL-I PL-II PL-I-1 PL- DM- PLM-PLM-PLM- RS BP
substrate MC ^ PLM Ai Bi Q

MC
PL-I 0 22.6 12.5 17.4 ll.0 27.6 8.9 0 81.3
PL-II 31.7 34.9 9.4 18.3 5.7 28.8 87.0

C N-32 PL-I-MC 0 88.0 12.0 0 100.8
PL-II-MC 72.9 27.1 65.8 71.2
DM-PLM 59.2 18.6 20.1 2.1 47.1 61.1
PL-I 77.1 15.0 7.9 67.6 69.9
PL-II 95.5 4.5 94. 1 80.0

E N-ll PL-I-MC 97.5 2.5 95.9 76.3
PL-II-MC 85.6 5. 1 7.3 2.0 84. 1 89.8
DM-PLM 81,0 7.1 7.2 4.7 84.1 105.1
PL-I 46.7 53.3 46.0 104.1

PL-II 100.0 82. 8 0
F N-17 PL-I-MC 23.0 40.6 0 24.6 9.0 2.8 0 105.3

PL-II-MC 71.0 29.0 60.9 63.6
DM-PLM 77.5 7.2 15.3 75.9 101.7

MC: Mycaminosyl glycoside
RS: Recovery of substrate (mole %), BP: Yield of bioconverted products [mole %, (Total

bioconverted products/(Added substrate-Recovered substrate)) x 100].
Medium: 0.25 %glucose-physiological saline solution. Cell concentration: 0.4 g wet weight/ml. Added substrate concentration: 200~300^m. Incubation condition: 28°C, 200r.p.m.,

5hours
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(lactone and ester), 1650 and 1630 cm * (double
bond); NMR (100 MHz, CDC13) 8 1.02 (3H, d,
J=6.9 Hz, C-CH3), 1.14-1.40 (9H, 3 xC-CH3),
2.55 (6H, s, -N(CH3)2), 3.58 (3H, s, -OCH3),

3.94 (1H, d, J=9.3 Hz, H-5), 4.13 (l.H, dd, J=
9.1, 4.5 Hz, H-9), 4.46 (1H, d, J=7.2 Hz, H-l'),
5.5-6.9 (4H, m, olefinic), 9.59 (1H, s, -CHO).

The mass spectrum of triacetyl V showed m\e
739 (M+), 711 (M+-H2O), 465 (AGL+), 437
(M+-CO), 405 (AGL+-CH3COOH), 331 (AGL+-

CH3COOH-C2H5COOH), 258, 198, 156 and 129.
V was identified with demycarosyl-YL-704

Ai-I5* which was obtained by the hydrolysis of
platenomycin Ai.
Comparing the above data with those of pla-

tenomycin Ai2>5) and Wi,3>6) the UV absorption
maximumat 232 nm indicated the presence of
the a, jS, f, <5-dienol chromophore as platenomycin
Ai and the maximumat 280nm showed the
presence of the a, /3, f, <5-dienone chromophore
like platenomycin Wi. From the NMRspectra,
V contained an aldehyde function at a C-18
position, while other four products, I, II, III
and IV, contained a methyl residue instead of
an aldehyde function on the aglycone skeleton.

This was also supported by IR spectra. More-
over, it was clearly observed from their mass
spectra that these five products and their acetyl
derivatives did not contain the fragments due to
an acyl-mycarose moiety, and, further I and II
did not show any fragments relating to a myca-
minose moiety. From the above physico-

chemical data, the structures of the five products
(I~ V) produced by the blocked mutants of groups
A and B were elucidated as depicted in Chart 1.
As shown in Table 2, the above five products

were readily converted to platenomycins Ax,
Bi and C2 by washed mycelium of the blocked
mutants belonging to groups C and E. How-
ever, in the case of a blocked mutant belonging
to group F (strain N-17), I and II were not
converted to III, IV, V and platenomycins.
Biosynthetic pathway involving such products

were summarized in Chart 1. These bioconver-
sion behaviors supported the structure of the
intermediates, and also were not incompatible
with the above-mentioned cosynthetic data be-

tween blocked mutant groups.
Consequently, it is suggested that these five

products are intermediates of platenomycin bio-
genesis. Bioconversion of PL-I to PL-I-MC

was not observed by mutants of groups C and E,
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but this conversion was observed by blocked

mutants of group A.
The details of these studies will be published

elsewhere in the near future.
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