
VOL. XXII NO. II THE JOURNAL OF ANTIBIOTICS 545

THE BIOSYNTHESIS OF THE MACROLIDE
ANTIBIOTIC LUCENSOMYCIN

D. G. Manwaring and R. W. Rickards

Research School of Chemistry, Australian National University,
Canberra, A. C. T., Australia

G. Gaudiano

Istituto di Chimica, Politecnico di Milano, Milan, Italy

V. NlCOLELLA

Istituto Ricerche Farmitalia, Milan, Italy

(Received for publication September ll, 1969)

The biosynthesis of lucensomycin in cultures of Streptomyces lucensis has
been studied using 14C-labelled precursors. The aglycone arises from two

propionate and twelve acetate units. One propionate unit provides the chain-
initiating unit, whilst the second, involved in chain-extension, undergoes
oxidation of its methyl group to form the free carboxyl function of the
aglycone.

Although extensive studies have been made of the mode of biosynthesis of non-

polyene macrolide antibiotics, e.g. erythromycin1-^, methymycin3>4) and magnamy-

cin2>3>5),only limited information^ is available for one polyene macrolide, nystatin6>7>8).

It appears, however, that throughout these two sub-groups of Streptomycete metabolites
one-carbon branches in the aglycone skeleton represent the incorporation of pro-

pionate units (via methylmalonyl-coenzyme A) into the developing carbon chain3), an
event more frequent in the non-polyenes than in the polyenes characterised to date.

This route of macrolide biosynthesis operates6) even in an organism such as Strepto-
myces noursei which is known9'10) to be capable of branched-chain synthesis by the
more commonroute11} of transmethylation of an acetate-derived polyketide skeleton.

To supplement the limited evidence relating to the polyene macrolide sub-group,
we have studied the bio-
synthesis of lucensomy-
cin12) (I) in cultures of S.

lucensis. The aglycone of
this antibiotic clearly

arises primarily from
acetate units (incorporated
via malonyl-coenzyme

A3)) as indicated in (I), but
contains two features of

particular interest, the n~
butyl group at G25 and
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the secondary carboxyl function at C 12. One would anticipate that both these features

involve the utilization of propionyl-coenzyme A units (cf. I), in the former case as a
chain-initiating unit of propionyl-coenzyme A itself, and in the latter case as its

carboxylation product, methylmalonyl-coenzyme A3). The amino-sugar mycosamine,

,3-amino-3,6-dideoxy-D-mannose13), which is commonly present in polyene macrolides,

would be expected to arise directly from carbohydrate metabolism3>14). We present
here evidence in support of these views.

Fermentation of S. lucensis in the presence of sodium [3-14G]propionate and [1-
14G]acetate gave crude radioactive lucensomycin, with 1.1 % and 0.51 % isotope incor-

poration respectively. After dilution with carrier material and purification, the
distribution of radioactivity was determined by degradation. Acid solvolysis afforded

G 12' as barium carbonate and the sugar moiety as methyl mycosaminide hydrochloride.

Glyoxal, representing an average of the two-carbon segments G17^18, G 19~20 and

G21^22, resulted from ozonolysis followed by reductive work-up and was assayed as

the Hs-2,4-dinitrophenylhydrazone. Controlled oxidation of lucensomycin with chromic

acid gave ^-valeric, n-butyric and propionic acids (this last in amount insufficient for

assay) from the C-butyl group, together with acetic acid which arises from both G-

rnethyl groups and is consequently of little diagnostic value. Isolation of G25 was

effected by Schmidt degradation of the n-valeric acid to barium carbonate and n-
butylamine representing G26~29. Kuhn-Roth oxidation of the n-valeric acid, fol-

lowed by Schmidt degradation of the resulting acetic acid, afforded G28 and G29 as

barium carbonate and methylamine respectively. Fatty acids were assayed as their

crystalline ^-bromophenacyl esters, amines as the corresponding N-alkyl-2, 4-dinitro-

anilines. Results, corrected where appropriate for dilutions with carrier material and

expressed as percentages of molar radioactivity relative to that of lucensomycin are

collected in the Table 1.

It is clear (cf. Table 1) that radioactivity from the [3-14G]propionate precursor is

restricted to two positions in lucensomycin, G 12' and G 29, marking propionate-derived

.segments as indicated in structure (I). As is frequently observed1^'11), the chain-

initiating unit, arising directly from propionyl-coenzyme A itself, carries a higher

Table 1. Percentage molar radioactivity of fragments relative to lucensomycin
C o m p o u n d O r i g in 1 4 C H 3 C H 2 C O 2 H C H 3 U C O 2 H

L u c e n s o m y c in

C 1 2 '

10 0.  0 10 0.  0

B a C O * 4 3.  6 0 .  0 9 3

Methyl  m y c o s a m i n id e  a > S u g a r 0 . 4 1

G l y o x a l  b > C 1 7 - 1 8 ,  1 9 - 2 0 ,  2 1 - 2 2 7.  6 2

w-Va ler ic  a c id  c ) C  2 5 - 2 9 6 0 . 2 9 . 2 1

w-Butyric  a c i d  c ) C  2 6 - 2 9 3 . 1 7

Acetic  a c id  c ) C 5 ' ~ 6 'f  2 8 - 2 9 1 . 7 5 . 4 9

w-Butylamine  d > C 2 6 - 2 9 5 9 . 2

B a C O q C 2 5 0 6 . 0 4 e )

Methylamine  d > C 2 9 5 8 . 3

B a C O * C 2 8 0

a) Assayed as the hydrochloride. b) Assayed as the bis-2, 4-dinitrophenylhydrazone.
c) Assayed as the ^-bromophenacyl ester. d) Assayed as the N-alkyl-2,4-dinitro-aniline.
e) Obtained by difference.
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label (60.2 %) than the chain-extending unit (43.6 %) which is utilized only via methyl-
malonyl-coenzyme A. Oxidation of this latter unit has occurred at some stage, as
was observed also in the polyene macrolide nystatin6). The low radioactivity of acetic

acid formed on oxidation of the intact antibiotic is attributed to heavy dilution of

acetate from G28-29, itself obtained only in low yield together with higher fatty
acids, with acetate produced in high yield from the readily-oxidized mycosamine. The
specificity of labelling of G 12' and G29 indicate negligible randomization of isotope

from the precursor.
The distribution of radioactivity from [1-UC]acetate precursor (cf. Table 1) is in

agreement with the expected presence of twelve acetate units in the aglycone, as
depicted in structure (I). Thus the glyoxal fo's-2,4-dinitrophenylhydrazone represents

the average of the three acetate units between G17 and G22, and its activity (7.62%)
is in accord with the activity of barium carbonate from G25 (6.04,%, determined by

difference), which represents the carboxyl of an acetate unit. There is apparently

some utilization of the acetate for propionate synthesis, as shown by the activity
(3.17 %) of the ^-bromophenacyl butyrate representing G26-^29. This presumably
occurs via succinate and methylmalonate to [1-14G]propionate, in accordance with the
inactivity of G 12' (which represents G 3 of a propionate unit) and with earlier results
on erythromycin15>16) and methymycin4). Allowing for two such propionate-derived
units and twelve acetate units in the aglycone, together with minor activity (0.41 %)
in the sugar, approximately 97 % of the total lucensomycin activity is accounted for.

The activity of the acetic acid (5.49%) from oxidation of the lucensomycin is ano-
malously high, particularly in comparison with the earlier [3-14C]propionate result,

but may perhaps be explained by the presence of an impurity yielding labelled acetate
on oxidation.

Pimaricin17) (I ; Me instead of n-Bu) from S. natalensis represents a lower homo-
logue of lucensomycin (I) in which the starter propionate unit is lacking and chain
development is initiated by an acetyl-coenzyme A unit.

Experimental

General
Melting points were determined on a Kofler stage and are uncorrected. Compounds

were purified to constant radioactivity and assayed as thin films 1 inch in diameter on a
Beckman Lowbeta II low background Geiger flow counter. Radioactivities (p) and (a)

refer to labelled lucensomycin and corresponding degradation products derived from sodium
[3-uC]propionate and [1-UC]acetate respectively, and are expressed as counts per min per
millimole, derived graphically from assay of several samples. Maximum percentage errors,

estimated graphically, are given in parentheses.
Fermentations
S. lucensis22) was grown in 300ml Erlenmeyer flasks each containing a medium (50 ml)

consisting of glucose, distillers' solubles, corn steep liquor, soybean oil and inorganic salts
in tap water, for 144 hours at 27°C on a rotary shaker. The yield of lucensomycin varied

b

etween 10-20 mg per flask.

[14C] Lucensomycin
Sodium [3-uC]propionate (100 juC) and sodium [1-UC]acetate (100 juC in duplicate runs)



548 THE JOURNAL OF ANTIBIOTICS NOV. 1969

were each added to two culture flasks after incubation for 24 hours. At harvest the
mycelium was extracted thrice with aqueous methanol (75 %), and the combined extracts

evaporated under reduced pressure. The residue was dissolved in aqueous methanol (20
ml, 50 %) and basified to pH 10 with dilute aqueous sodium hydroxide with stirring under
nitrogen. Neutralization with phosphoric acid (0.05 m) in aqueous methanol (50 %) afforded

crystalline lucensomycin, collected by centrifugation. Recrystallization by the same pro-
cedure gave solvated lucensomycin of 80~84 % purity. The propionate fermentation yielded
20.6mg of this crude [14C]lucensomycin (with 1.2 % incorporation of radioactivity), the

acetate fermentations (where a higher-producing subculture was used) gave 42.8 and 42.9
mg respectively (1.2 and 0.8 % incorporations). Further purification after dilution with
pure inactive material resulted in some loss of radioactivity, and afforded [14C]lucensomycin
suitable for degradation [Found : (p) 35.8xlO3 (5 %); (a) 162.6x103 (5 %)].

Decarboxylation of [14C]lucensomycin
Decarboxylation of lucensomycin (150 mg) with sulphuric acid as described by Gaudiano,.

Bravo and Quilico18) gave carbon dioxide, collected as barium carbonate (15 mg) [Found :
(p) 15.6xlO3(3%); (a) 0.15xlO3].

Methanolysis of [14C]lucensomycin
Lucensomycin (20 mg) in methanolic hydrogen chloride (10 ml, 3n) was refluxed for

2hours. After cooling and dilution with water, the mixture was centrifuged to remove
solidmaterial, extracted several times with re-butanol, and then evaporated to dryness.
The residual methyl mycosaminide hydrochloride (3 mg) was identified by paper chromato-
graphy (Rf 0.5 in?z-butanol:acetic acid: water, 4: 1 :5, detected by ninhydrin spray) in
comparison with authentic material [Found : (a) 0.67xlO3].

Ozonolysis of [14C]lucensomycin
Ozonolysis of [14C]lucensomycin (100 mg) as described18) afforded glyoxal, isolated as

thebis-2, 4-dinitrophenylhydrazone (70 mg), m. p. 319°C after two crystallizations from
dimethylformamide containing a few drops of acetic acid [Found : (a) 12.4xlO3 (6 %)].

Chromic acid oxidation of [14C]lucensomycin
[14C]Lucensomycin (600 mg) and potassium dichromate (3.0 g) in sulphuric acid (100 ml,,

2n) were refluxed for 30 minutes. The volatile acids were separated by steam distillation
and neutralised to phenolphthalein with lithium hydroxide (0.5 n). The solution was then
concentrated under reduced pressure (to 5ml) and just acidified with hydrochloric acid
(0.1 n). ^>-Bromophenacyl bromide (500 mg) was added, together with sufficient ethanol to
produce solution at reflux temperature. After refluxing for 2 hours the solution was

cooled, and unreacted phenacyl bromide (100 mg) which separated was removed by filtration*

T

he filtrate was diluted with water and extracted with chloroform, affording semi-solid
material (520 mg) shown by thin-layer chromatography on silica gel to contain the p-
bromophenacyl esters of acetic, propionic (a trace), butyric and valeric acids, together with
^-bromophenacyl bromide. Separation by preparative gas-liquid chromatography (using^
an Aerograph A350 instrument fitted with a 1.5mx0.64cm SE52 column at 190°C with
helium as carrier gas) gave ^-bromophenacyl acetate (25 mg), propionate (a trace), butyrate
(10 mg), and valerate (32 mg). Crystallization from light petroleum gave />-bromophenacyl
re-valerate (8mg), m.p. 74°C [Found: (p) 21.5x103 (2%); (a) 17.6x103 (6%)], />-bromo-
phenacyl w-butyrate (3 mg), m. p. 63°C [Found : (a) 5.13x103 (6 %)~], and />-bromophenacyl
acetate (10mg), m.p. 86°C [Found: (p) 0.61x103 (8%); (a) 8.94x103 (8%)]. Insufficient
propionate derivative was obtained for assay.

Degradation of re-valeric acid
(a) Schmidt degradation. ^-Bromophenacyl re-valerate (p above, 2.21 mg) was diluted

with inactive material(to 9.02 mg) [Found : (p) 5.28x103 (5 %)] and hydrolyzed in refluxing
methanol (2 ml) and aqueous sodium hydroxide (5 ml, 0.2n) for 2.5 hours under nitrogen.
After removal of the alcohols by steam distillation, the residue was acidified with dilute:
sulphuric acid and steam distilled further. The valeric acid was isolated by titration of
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the distillate with aqueous sodium hydroxide and evaporation to dryness. Schmidt degra-
dation of this salt by the method of Phares19) gave carbon dioxide and /z-butylamine,

assayed respectively as barium carbonate (5 mg) [Found : (p) 0] and N-(w-butyl)-2,4-dinitro-
aniline (5 mg), m. p. 90-91°C (lit.20) records m. p. 90°C) after preparative thin-layer chro-

m

atography and sublimation at 100°C/0.2mm [Found : (p) 5.23x103 (5 %)].
(b) Kuhn-Roth oxidation. ^-Bromophenacyl ^-valerate (p above, 2.02 mg) was diluted

with inactive material (to 28.76mg) [Found: (p) 1.45x103 (5%)], and a portion (15mg)
was subjected to Kuhn-Roth oxidation. Schmidt degradation19) of the resulting acetic

acid,isolated as sodium acetate, yielded carbon dioxide and methylamine. These fragments

were assayed as barium carbonate [Found : (p) 0], and N-methyl-2,4-dinitro-aniline, m. p.
177~178°C (lit.21) quotes 178°C) after chromatography on neutral alumina and sublimation

at 110°C/0.05mm [Found: (p) 1.40 (7%)].

Acknowledgement

Weare indebted to Professor B. Camerino, Direzione Scientifica, Farmitalia, Milan, and his col-
leagues for their generous collaboration involving radioactive fermentations and the supply of inactive

lucensomycin.

References

1) For a review see Corcoran, J. W. : The biosynthesis of erythromycin. Lloydia 27 : 1-14, 1964
2) For a review see Grisebach, H. & W. Hofheinz : Biosynthesis of the macrolide antibiotics. J.

Roy. Inst. Chem. 88 : 332-340, 1964
3) For a review see Corcoran, J. W. & M. Chick : Biochemistry of the macrolide antibiotics. Bio-

synthesis of antibiotics, ed. J. F. Snell. pp. 159-201, Academic Press, New York, 1966
4) Birch,A.J.; E.Pride, R. W.Rickards, P.J. Thomson, J. D. Dutcher, D.Perlmam & C. Djerassi :

Biosynthesis of methymycin. Chem. Ind. (London) 1960 : 1245-1246, 1960
Birch, A. J.; C. Djerassi, J. D. Dutcher, J. Majer, D. Perlman, E. Pride, R.W.Rickards & P.
J. Thomson : Studies in reaction to biosynthesis. XXXV. Macrolide antibiotics. XII. Methy-
mycin. J. Chem. Soc. 1964 : 5274-5278, 1964

5) Grisebach, H. & C. A. Weber-Schilling: Zur Biosynthese der Makrolide. XVI. Uber den
Einbau von Bernsteinsaure [1, 14-UC2] in Magnamycin. Zeit. Naturforsch. 23b : 655-658, 1968,
and reference therein.

6) Birch, A. J.; C. W. Holzapfel, R. W. Rickards, C. Djerassi, M. Suzuki, J. Westley, J. D. Dutcher

& R. Thomas : Nystatin. V. Biosynthetic definition of some structural features. Tetrahedron

Letters 1964-23 : 1485-1490, 1964
7) Birch, A. J.; C. W. Holzapfel, R. W. Rickards, C. Djerassi, P. C. Seidel, M. Suzuki, J. W.

Westley & J. D. Dutcher : Nystatin. VI. Chemistry and partial structure of the antibiotic.
Tetrahedron Letters 1964-23 : 1491-1497, 1964

8) Ikeda, M.; M. Suzuki & C. Djerassi : Macrolide antibiotics. XV. Nystatin-the structure of
the aglycone. Tetrahedron Letters 1967-38 : 3745-3750, 1967

9) Kharatyan, S.; M. Puza, J. Spizek, L. Dolezilova, Z. Vanek, M. Vondracek & R. W. Rickards :
Biogenesis of cycloheximide and related compounds. Chem. Ind. (London) 1963 : 1038-1039, 1963

10) Vanek, Z. & M. Vondracek : Biogenesis of cycloheximide and of related compounds. Antimicr.

Agents & Chemoth.-1965 : 982-991, 1966
ll) For a review see Birch, A. J. : Some pathways in biosynthesis. Proc. Chem. Soc. 1962 : 3-13,

1962
12) Gaudiano, G.; P. Bravo, A. Quilico, B. T. Golding & R. W. Rickards : The structure of lucenso-

mycin. II. Tetrahedron Letters 1966-30 : 3567-3571, 1966.

Gaudiano, G.; P. Bravo, A. Quilico, B.T. Golding & R.W. Rickards: Struttura della
lucensomicina. Nota III. Gazz. Chim. Ital. 96 : 1470-1491, 1966

13) Von Saltza, M.; J. D. Dutcher, J. Reid & 0. Wintersteiner : Nystatin. IV. The stereochemi-
stry of mycosamine. J. Org. Chem. 28 : 999--1004, 1963, and references therein.

14) Cudlin, J.; J. Majer, Z. Hostalek & Z. Vanek : Some aspects of the biogenetic interrelation-
ships in macrolide antibiotics. Folia Microbiol. ll : 399-405, 1966



55O THE JOURNAL OF ANTIBIOTICS NOV. 1969

15) Vanek, Z.; M. Puza, J. Majer & L. Dolezilova : Incorporation of acetic acid into erythromycin.

Folia Microbiol. 6 : 386-391, 1961
16) Grisebach, H.; W. Hofheinz & H. Achenbach : Biogenesis of erythromycin. II. Naturwiss. 48 :

101, 1961
17) Golding, B. T.; R. W. Rickards, W. E. Meyer, J. B. Patrick & M.Barber : The structure of

the macrolide antibiotic pimaricin. Tetrahedron Letters 1966-30 : 3551-3557, 1966
18) Gaudiano, G.; P. Bravo & A. Quilico : Struttura della lucensomicina. Nota I. Gazz. Chim.

Ital. 96 : 1322-1350, 1966
19) Phares, E. F. : Degradation of labelled propionic and acetic acids. Arch. Biochem. Biophys.

33 : 173-178, 1951

20) Dictionary of Organic Compounds. Fourth edition, Vol. 1, p. 510, ed. Heilbron, Cook, Bunbury,
and Hey, Eyre and Spottiswoode, London, 1965

21) Beilstein's Handbuch der Organischen Chemie. Hauptwerk, Vol. 12, p. 749, Springer, Berlin,

1929
22) Arcamone, F.; C. Bertazzoli, G. Canevazzi, A. di Marco, M. Ghione & A. Grein : La etrucomi-

cina, nuovo antibiotico antifungino prodotto dallo Streptomyces lucensis n. sp. Giorn. Microbiol.
4 : 119-128, 1957


