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Abstract
A biosynthetic pathway of an antitumor antibiotic vicenistatin was investigated by feeding experiments of [1-13C]
and [1,2-13C2]acetate, [1-13C]propionate, [2,3,3-2H3]glutamate, and D-[6,6-2H2]glucose. The elongating units

of the aglycon of vicenistatin are derived from standard acetate- -propionate, whereas the starter unit appears to be
derived from a 3-amino-2-methylpropionate equivalent through the glutamate mutase reaction. © 1998 Elsevier Science
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The structure of vicenistatin, an antitumor antibiotic produced by a strain of St treptomyces,
is unigue in that an aminosugar vicenisamine is attached to a 20-membered lactam RYCPR T
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Figure 1. Structure of vicenistatin
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known to contain g-phenylalanine as a starter unit [3], cytochalasins include an aromatic
amine acid starter [6,7], and glycine is known to be the starter unit of lankacidins [4,5]

At first look at the structure of vicenistatin, the elongating units seemed to be derived
from acetate-propionate or acetate-methionine precursors of a rather standard polyketide
pathway, and this was in fact proved by a group of Abbott laboratories [8], but the starter
appeared to be irregular and unknown. The precursor of the starter unit was anticipated to
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[i-13Cjpropionate was carried out and the labeled vicenistatin was purmea as reported [1].

The !3C-NMR spectra were then analyzed and the results are summarized in Tabie 1. The
labeling pattern with propionate was just as anticipated. Thus, a high degree of incorporation
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was found at the C-5, 9, and 11. In the case of acetate, while C-1, 3, 7, 13, and 15 were
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intermediate.

Connection between the acetate metabolism and amino i |
acid metabolism is found in the TCA cycle. An acetate unit H l a l l
: ’ A
is known to be in ncorporated in into the C-4 and C-5 nnsmon (B) | | :
of glutamate through a..xcty!—CeAﬁ citrate-isocitrate and 2- A | !H (l M
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the plausible starter unit, 3-amino-2-methyl-propionate,

are the methyl branching and decarboxylation. A plausible —NHCHgf

scenario for the formation of the starter unit may not be so JL ) L )g
. W

complex. The methyl group extrusion is well prcd;ctablc,
since glutamate mutase is known to convert L-glutamate om
into 3-methylaspartate with the aid of vitamin B2 Figure 2. Partial '*C NMR spectra (100
coenzyme [9,10], though the stereochemistry at C-18 is MHz pyridine-ds) of (A); non-labeled
opposite to that of abundant (25,35)-3-methylaspartate. I.V,msnfsggizci"f‘fB) labeled vicenistatin by
Decarboxylation of a-amino acid is ubiquitous so that 3-

methylaspartate may well be converted into 3-amino-2-methylpropionate unit.

Since the above scenario seemed promising, we undertook a feeding experiment of DL-
[2,3,3-2H3]glutamate, which had been prepared by us as depicted in Scheme 1. The feeding
experiment was carried out as described above, and the resulting labeled vicenistatin was
analyzed with 2H-NMR spectrum as shown in Figure 3.1
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Apparently, deuterium was incorporated into all methyl groups of the vicenistatin aglycon
despite the fact that the deuterated substrate has no methyl group in it. Clearly, all the
methyl groups were formed through structural rearrangement at least in the case of the
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giutamate substrate. The deuterium incorporation into the C-23 methyl group strongily
supports that the above scenario was in faci invoived in the formation of the polyketide
starter. Incorporation of deuterium into C-20, C-21, and C-22 methyl groups is also

rationaiized s:rmgmrorwaraly Giutamate may be deaminated into 2- oxognurar ate, hich in

turn is aecarnoxyxatea into SUCCIHyl -CoA in the TCA cycle. The well- e‘rbhshed
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rearrangement pathway, again vitamin Bi; being a cafactor, from succinyl-CoA into
methylmalonyl-CoA gives rise to the elongating C3 unit [9,11], which is equivalent to an
intermediate from propionate. No incorporation of deuterium at C-2 of glutamate into C-19
was observed. This may be due to
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regard to the vicenisamine moiety, 14 |3 12 |1

incorporation of D-[6.6-2H»lelucose ...
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the 6'-p0§i!19}1 was clearly secured as deuterated vicenistatins: (A); 'H NMR spectrum (400 MHz,

also shown in igure 3. We have not pyridine-ds) of non-labeled vicenistatin, (B); 2EHNMR spectrum

(60 MHz, pyridine) of labeled vicenistatin with
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> TEED 7 2,3,3- rl3j gluuuuau:, {Cy: ‘1 Luvux specirum (6U Mz, pyTiame)
carbon, but it may QbV!Ql_!S!y be derived of labeled vicenistatin with [6,6->H;]-glucose.
from the C; pool. Methionine is the
most likely precursor.
In summary, the elongating units of the aglycon of vicenistatin appear to be derived from

g
ngating un th
standard polyketide, ace etat c-p_r pionate, and the starter unit was proposed to be derived from

a 3-amino-2-methylpropionate eomvalenl through the glutamate mutase reaction. The
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plausible biosynthetic palhway of vicenistatin is summarized in Figure 4.
o R 0
Wo HO2G xS o
OH ienritrato

ISOLhiaw

glutamate

I/
ﬁ NH;
AN oH L-giut A
citrate C\n/”\/m / (Lglutamate § \mutase
| v

TCA cycle 0

Ascm \ zl-oxoglutarate HO2G (¥ OH
(acetyl CoA. * / & o Ny 0
Hozc/ﬁ\/cozH s\/**\/ﬁ\ Hzik(ﬁ,krOH 3-methylaspartate
oxaloacetatd™—~—__ CoA ' ou )
o succinyl CoOA  3.amino-2-methylpropionate HO—"

methylmaiony! CoA /

mutase .. * \\‘ (‘)i—i
ﬁ ﬂ j\ HsC Hmﬁ/oﬁ '/L’ HN\I
TOH T OH L . Is)

o SCoA — COAS' - *
vicenistatin /H\ | *
propiony! CoA methylmalony| CoA * .)W

Figure 4. Plausible Biosynthetic Pathway of Vicenistatin.
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Tabie 1. 13C NMR Resuits from the mcorpomuon of 13C-Labeled Precursors.®

Carbon Chemical Relative 13C intensities® Coupling constant (Hz)
atom shift (1-13ClAcetate (1-13CJPropionate [1,2-13C;)Acetate

1 166.3 3.6 1.0 64.5
2 124.5 0.6 0.9 64.5
3 140.3 4,0 1.4 55.4
4 128.4 0.7 1.0 nd®)
5 143.3 1.5 8.2
6 46.4 0.7 1.1
7 86.1 38 i.4 38.9
8 36.7 0.9 1.2 389
9 121.9 1.2 6.1
10 135.0 1.1 1.6
11 492 1.3 6.2
12 134.0 1.1 1.0
13 128.1 32 1.1 nd®)
14 128.4 0.7 1.0 nd®)
15 132.5 43 1.4 434
16 21.5 1.2 1.5 43.4
17 32.6 2.7 1.0 35.1
i8 33.5 0.6 1.0 35.1
19 43.0 0.7 1.2
20 18.7 0.6 1.0
21 17.9 0.7 0.8
22 17.4 0.9 0.9
23 17.6 0.7 1.0
i 100.8 0.7 1.2
2 39.4 0.8 1.1
¥ 63.1 0.8 1.1
4 65.0 1.0 1.5
s 70.4 1.1 1.3
6 19.5 0.8 1.1

4’-NHCH3 33.9 1.0 i.0

a) measured in p‘-ﬁ.d:“-ds b) pe"" intensities were normalized to the carbon signal of 4-NHCH3. c) nd: not
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Footnote
1. A similar scenario appears to be operative in the biosynthesis of the 14-membered lactam aglycon of furuvirucin antibiotics
[12]. While the authors did not mention it, the reported labeling pattern with 3¢ acetate was in good accord with the plausibie
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