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THE BIOSYNTHESIS OF STREPTONIGRIN FROM [1—13C]—D-ERYTHROSE1

William J. Gerwick, Steven J. Gould*z’3 and Hossein Fonouni
School of Pharmacy, Section of Medicinal Chemistry and
Pharmacognosy, The University of Connecticut, Storrs,
Connecticut 06268

Abstract: Twelve of the twenty-five carbon atoms of streptonigrin are derived
from three intact erythrose units.

We reported4 that feeding [U-1306]—D—g1ucose (1) to growing cultures of

Streptomyces flocculus ATCC 13257 yielded streptonigrin specifically labeled

at all carbons. An analysis of the 130—13
of 130_13

C spin coupling patterns making use
C homonuclear decoupling experiments revealed the size and location
of each of the primary precursors, as shown in structure 2a.
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The labeling pattern of the C-D rings was fully consistent with their
known5 derivation from B-methyl tryptophan (g), while the C4+Cz pattern of the
A-ring was consistent with its derivation from a shikimate-type pathway. In
total, three C4 biogenetic units were clearly involved in streptonigrin bio-
synthesis. We now present evidence that all three C4 units are derived from
D-erythrose-4-phosphate (4).
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[4-140]—D—Erythrose was prepared from [6—14C]—D—g1ucose by modification
of the lead tetraacetate oxidation reported by Bailey.6 A portion of this
(1.40 x 107 dpm) was divided between two 250 ml fermentations,7 twelve hours
after their innoculation with a seed culture. Standard work-up and purifica-
tion yielded 13.5 mg of streptonigrin, and recrystallization to constant
specific activity indicated a 1.8% incorporation 14C.

[1—14C]—D—Erythrose (§g) and [1—14C]—D—threose (6a) were then synthe-
sized®’® from D-glyceraldehyde (1.9 mmole) and NalCN (0.32 mCi diluted with
1.9 mmole carrier cyanide), and separated by Dowex chromatography. A seed cul-
ture of §. flocculus was used to innoculate two 250 ml production broths; to
one was added 11.15 uCi of erythrose and to the other was added 10.22 uCi of
threose. Initial work-up of each afforded 0.68% incorporation of 14C (7.0 mg
of streptonigrin) and 0.02% incorporation of 14C (6.0 mg of streptonigrin)
from the erythrose and threose feedings, respectiﬁely. After addition of car-
rier streptonigrin and recrystallization, the incorporation of [1—140]—D—ery—
throse was 0.45%.
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[1—13C]—D—Erythrose (§p) was next synthesized in an analogous manner. A
portion of this (27.7 mg, 90% enriched) and 3.31 uCi of [1—140]-D-erythrose
(4.0 mg) were divided between four 250 ml production fermentations; combined,
these ultimately afforded 23.5 mg of pure streptonigrin gp (0.56% incorpora-
tion of %c). The 67.88 MHz 13

that of authentic, unlabeled streptonigrin, normalizing the peak integrals

C NMR spectrum of this sample was compared with

with a selection of resonances that should not have been enriched.4 Only three
resonances showed significant enrichment: C-9' (1.0%), C-6' (1.1%), and C-8
(2.6%). This is in good agreement with the 0.8% enrichment calculated on the
basis of three sites labeled. It is noteworthy that there was no enrichment

at C-12', C-4, or C-5.

These results clearly show that D-erythrose, presumably as erythrose-4-
phosphate, is the specific precursor to all three C4 biogenetic units. This
also supports our view that the A-ring is derived from a shikimate-type path-
way .

The middle C4 unit, C-6' to C-4, can be viewed as the lynch-pin in the
molecule. It may first couple with an amino anthranilic acid 7 to yield a
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quinoline carboxylic acid or aldehyde 8 that condenses with z, or it may first

condense with 3 to yield a B-carboline g that condenses with 7. These pos-
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sibilities are currently under investigation. It should be noted that g is

not at the correct oxidation state to directly yield a quinoline. While ox-
idation could occur at a number of points in the pathway, one possibility -
oxidation to erythro-2,3-dihydroxysuccinaldehyde (10) - is clearly not involved
since such a symmetrical intermediate would lead to labeling at C-4, as well.
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