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acetyl groups, the 4-C-methyl group of the moenuronamide unit, a
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The moenomycin antibiotics’ are composed of an oligosaccharide part, linked via phosphoglycerate to a Cys

lipid moiety. The other terminus is 2-aminocyclopentane-1,3-dione (the chromophore of moenomycin). Some

of the moenomycin building blocks are common, others like the lipid moiety (I) and the moenuronamide unit

(F) are characteristic for the moenomycin-type antibiotics. 2-Aminocyclopentane-1,3-dione is a constituent of

other microbial metabolites, t0o.*
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building blocks is assembled in the
experiments.
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In a first set of experiments cuitures of Streptomyces ghanaensis ATCC 14672 wilde type (DSM) were grown

in Erlenmeyer flasks (medium 1°). The cultures were shaken for 290 h. Flrst traces of moenomycin were
Aatartad hu HDPI 0% afler 100 h At the end the mavimum amount of maenomucin wac in the ranga of 0 0?2 afl. ?
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Only moenomycins A and Ay, could be detected. When the experiment was repeated using a 5 | laboratory
fermenter® oxygen supply of the culture could be controlled and improved. Under these conditions the
formation of moenomycin could be detected after 12 h. The moenomycin concentration after 130 h was much
higher (roughly 0.16 g/) than in the Erlenmeyer experiment showing the importance of sufficient oxygen
supply Again, only moenomycins A and A;» could be identified We conclude from these experiments that S.
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ghanaensis ATCC 14672 wiide type under the conditions reported produces oniy moenomycins A and Ajz.
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Roussel collection) was used.'® This strain produces all five moenomycins which are separated by reversed
phase HPLC."' An improved isolation procedure for the moenomycins was developed including an
ultrafiltration step.’? Sodium [1-"C]acetate (2.25 g/l) was administered using a pulse feeding protocol (the first
dose at the end of the logarithmic phase, 45 h)."*!* After altogether 165 h the moenomycins were isolated using
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the new nrocedure For an NMR nnnlvmg B NMR snectra were recorded in 25:1 methanol-water Well-
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resolved spectra were obtained. All nguls of the lipid part could be assigned by comparison with previous
results (see Table)."’ For a quantitative analysis the inverse gated decoupling C NMR spectrum of the
uniabelled moenomycin mixture was recorded in a 0.05 mol/l Cr(acac); solution in 25:1 methanol-water. Under
these conditions suppressing NOE enhancements and relaxation effects all signals gave practically the same
integral. When the spectrum of labelied moenomycin was recorded under identical conditions, from the resuits
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a number of conciusions couid easily be drawn: (i) aceiate was incorporated into the sugar N-acetyl gruups
(4.7 %), (ii) the chromophore part was labelled at positions 1 and 3 (1.7 %) in agreement with the lab
pattern that could be expected according to the biosynthetic pathway elucidated by Floss and coworkers.!

Ennchment of the carbamoyl-C was also observed (2.1 %) indicating metabolic cleavage of acetic acid.
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Incornoration of the labelled acetate into the hmd part was very poor. A careful analvqm of the signal intensities
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gave the enrichments summarized in the Table (ennched positions are indicated by { in formula 8). The results
show immediately that acetate is not incorporated into the moenocinol unit via the normal mevalonate pathway
which would have demanded enhancements at positions indicated by * in the three isoprenoid units of formula
8. The results are rather in agreement with a biosynthetic formation of isopentenyl diphosphate via the 1-deoxy-
D-xylulose pathway.'® The 1-iabelled acetate wouid thus have been converted into i-labelied giyceraldehyde-3-
phosphate (9) via oxaloacetate. Reaction with nucleophilic thiamine diphosphate-activated acetaldehyde (10)
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carbon skeleton with the label in the positions indicated in the isoprenoid units of formula 8 by °."* It is
.. . o
probably of significance and corroborating the above arguments that incorporation (1.0 %) was also found at
C-1 of the glyceric acid unit (3 = 177.3).
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The present results are in perfect agreement with two feeding experiments performed many years ago”
Labelled moenomycm (feedmg expmmcnts wnth sodlum [1- "C]acetate) was at that t1me cleaved reductlvely
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spectrum of labelled 14 was analvzed The enrichments of two exneriments are summarized in columne 4 and §

was analyzed The nents of periments
of the Table. As far as the non-isoprenoid C;, middle part of moenocinol is concerned, many years ago we
speculated that this unit could be formed by anti-Markovnikov cyclization of geranyl diphosphate to give 16
and opening of the bond between C-5 and C-11 (moenomycin numbering). This would lead from 12 via 15/18
and 16 to 17. The present results appear to rule out this mechanism. However, cyclization of geranyl
diphosphate (or rather linalyl diphosphate) in the Markovnikov sense (— 19) followed by rearrangement
(conceivably via a carane inwrmediate) to give 20 and cleavage of the C-5 - C-11 bond would lead to the
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labellin ig pattern found in the EXpENmeIil (Compare 21 and 3)
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In a final set of experiments (S. ghanaensis H2, gyratory shaker, medium 1) the formation of moenomycin was
studied in the presence of methionine. Methionine consumption and moenomycin production were followed by

HPLC. After considerable experimentation
methionin was administered in a singie dose after

48h (igh). HPLC indicated that it was
consumed after 120h. The moenomycin

} - - —= 99 concentration in the liquid medium started to
Z 123.0 U.1 u.) 0.0

3 1418 0.0 03 0.0 increase after all methlonm had been consumed
4 333 0.6 1.2 1.1 reaching finally twice the value of cultures
5 32.6 0.4 0.5 0.3 without added methionine. When (S)-
6 126.8 0.2 0.2 0.0 [ CH;]methionine was administered the isolated
7 141.4 0.0 0.4 0.0 moenomycin  (mixture  containing  mainly
8 36.3 0.1 05 0.2 moenomycin A) showed one enriched carbon
J 427 0.0 0.4 0.0 signal, that of the 4-methyl group in unit F
i(l) liflz) g; (l): (1)(1) (20 %). We conclude from this experiment that
12 358 00 03 0.0 the branching methyl group in unit F of
13 1234 04 04 0.0 moenomycin is introduced via a sequence
14 1373 0.0 03 0.0 consisting of (i) oxidation, (ii) dienolate
15 40.7 0.7 14 1.1 methylation, and (iii) reduction (22—523—524).
16 276 0.0 0.7 0.5 Such a sequence was postulated for related cases
17 125.3 0.4 0.3 0.0 many years ago.”"

18 132.2 0.2 0.3 0.0

19 25.9 0.8 1.1 1.0 OH

20 i7.8 0.3 0.3 0.0 ‘O

21 16.2 0.0 0.4 0.0 HO\Q/'{ — w \,,/
22 109.3 0.4 0.4 0.0 aa l

23 27.8 0.8 1.1 1.1 o4 { n
24 27.8 0.0 0.0 0.0 .

25 24.0 0.0 0.4 0.2 CH,
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Medium 1: comnsteep liquor (6.6 g), soybean meal (25.6 g), CaCO; (3.3 g), soybean oil (23.4 g), (NH,),SO,
(11.7 g), com starch (26.3 g), amylase bac. (1.5 mg), CoSO, (0.94 mg), KH,PO, (93.8 mg), Genapol®(20 per
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cent in water, 25.0 g), deion. water (1.0 1), pH 7. Preculture medium: comsteep liquor (0.4 g), soybean meal
l" ﬂo\ l"'sr'n {n b o\ em:hmn oil {04 o) olucose (2.6 o) PO (0.1 o) deion watar (0.1 \ sl 7 All
(0.4 g), glucose (2.6 g), KH,PO, (0.1 g), deion. water (0.11), pH 7.

fennamtions were perfonned at 37°C

Analytical HPLC: 250 mm x 4 mm SEPSIL 100-5C,5; elution with 63:37 of solution A and acetonitrile. Solution
A: Sodium heptanesulfonate (3 g), K;HPO,4*3 H,0 (26.2 g), KH,PO, (0.6 g) and water, final volume: 1 1; pH
8.0.

The moenomycin concentrations given in the text refer to the liquid medium.

Type L 1523 (Bioengineering, Wald, Switzerland), media and conditions as described in ref.’*

See however, Subramaniam-Niehaus, B.; Schneider, T.; Metzger, J.W.; Wohlieben, W. Z. Naturforsch. 1997,
52c, 217-226.

Gyratory shaker, medium 1° or medium 2. For the feeding experiments with NaOAc medium 2 was used:
comsteep liquor (28.5 g), soybean meal (34.1 g), CaCO, (4.3 g), (NH,),SO, (3.0 g), starch (32.9 g), amylase
bac. (1.5 mg), MgSO, (0.23 g), FeSO, (0.2 mg) ZnSO, (0 8 mg), CuSO, (2.9 mg), CoSO, (1.0 mg), glucose
(1 o\ KH. PO, (D17 o) ("-Mnnnl 1’70 nar cant in H.O ‘7‘ 0 o) dainn I—L.n (10N nHAS

V.7 ), BIRTI4\V. 14 B, &V Pl Coli I T390, 2.V g), GRI0N. T (1.V 1), PR 0.0,
See, Donnerstag. A.; Marzian_ S ; Muﬂer D.; Welzel, P.; Bottger, D.; Stirk, A.; Fehlhaber, H.-W.; Markus, A_;
van Heijenoort, Y.; van Heuenoort, 1 Tetrahedron 1995, 51,1931- 1940.

Cells were separated from the medium by centrifugation. The supernatant after solvent evaporation was stirred
with 80:20 methanol-water. Cell disintegration was achieved by sonication in methanol. The filtrates from both
fractions were combined and afier solvent evaporation the residue was partitioned between butanoi and water.
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(RP;s, solvent described above, ref®, however, using % of the salt concentrations) followed by desalting
(ultrafiltration) yielded the pure mixture of moenomycins.

A total of 15 additions of [1-"*CJacetate in intervals of 8 h.

In test experiments consumption of acetate was followed with the test kit of Boehringer (Mannheim).

See M (9) in Kempin, U.; Hennig, L., Weizel, P.; Marzian, S.; Miiler, D.; Fehihaber, H.-W_; Markus, A.; van
Heijenoort, Y.; van Heijenoort, J. Tetrahedron 1995, 51, 8471-8482. The chemical shifts of C-19' and C-20'
have to be reversed

Enrichments were calculated according to Scott. The integrals were referenced to C-2*.
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