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Expulsion of water and electron pair migrations as depicted
would then give rise to the alkaloid /.
Synthetic work is under progress.
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The spectra of saprophytically synthesized ergot alkaloids
may be changed either by mutation [ 1, 2] or by externally app-
lied substrates. Addition of appropriate amino acids or their
analogues to nutrient media may alter to a varying degree the
composition of the alkaloid mixture [3—5]. Mycelial dry weight
and total alkaloid vield are practically not influenced. Ob-
viously the biosynthesis of the cyclol part of ergopeptines is he-
re partially controlled by the relative concentrations of amino
acids in the internal pool. The competition seems to be restric-
ted to structurally related amino acids e.g. branched chain ami-
no acids or aromatic amino acids and their analogues but not
inter alia, Exogenously administered amino acids also strongly
influenced the alkaloid spectrum in the maturing sclerotia un-
der parasitic conditions [3].

We observed an internally controlled reversible change in
the alkaloid spectrum under different environmental condi-
tions with a particular Claviceps purpurea (Fr.) Tut. strain, de-
signated DM 595. Strain DM 395 produces saprophytically a
mixture of ergotoxines (ergocornine: ergokryptine, ratio 2:1)
besides clavines and simple lysergic acid derivatives. Culture
conditions using a sucrose/ammoncitrate fermentation me-
dium according to [6] were adopted. Spores of this strain were
used to inoculate ears of Secale cereale. The infected ears were
isolated by paper bags. A careful investigation of about 50 ma-
ture single sclerotia revealed the absence of ergocornine and
ergokryptine.

Instead of these ergotoxines two other peptide-type alkalo-
ids were found as main ergolines. The mixture was composed
of ergotamine and ergocristine. The ratio of these alkaloids to
each other varied considerably from sclerotium to sclerotium,
but the percentage of ergopeptines in the total alkaloid content
was nearly constant. Saprophytic cultures derived from these

Table I

Alkaloid formation in C. purpurea, strain DM 595, under various
environmental conditions

Saprophytic  Parasitic Saprophytic
—
cultivation cultivation cultivation
Total alkaloid
yield (mg/g
dry mycelium) 25 1 25
Ergopeptines:
— Alkaloid ergocornine  ergotamine ergocornine
spectrum ergokryptine  ergocristine ergokryptine
— Total alkaloid
content % 50 [5; 50
— Alkaloid ratio
to each other  constant variable constant

particular sclerotia again produced ergocornine and ergokryp-
tine (Table I). These experiments were performed throughout
two consecutive years, with essentially the same results.

Alkaloids were identified by UV, IR, MS, co-TLC and ami-
no acid analysis of the peptide moiety. Quantitation of ergo-
peptines was performed by fluorodensitometry after TLC on
formamide impregnated cellulose plates. Solvent systems:
ethylacetate-n-heptane-diethyl-amine (5:6:0.02) and benzene
with 1 % ethanol.

Consequently the genotype of this strain possesses the capa-
bility to synthesize four different peptide alkaloids. It depends
largely on the actual environmental complex which alkaloids
may be formed. A strict pair formation regarding the alkaloid
quality was observed. It is still an open question whether the
internal concentration only of a particular amino acid (e.g.
phenylalanine in the case of parasitic cultivation) or if other
factors also control the alkaloid spectrum.
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An ergosine analogue with a modified proline moiety can be
obtained by feeding an appropriate Claviceps strain with [-
thiazolidine-4-carboxylic acid.

The peptide ergot alkaloids = ergopeptines [1] are compo-
sed of lysergic acid and the cyclol group containing peptide
moiety. The cyclol part of the molecule is biosynthetically deri-
ved from three amino acids. The single ergopeptines differ in
the composition of the L-amino acids derived side chain. L-
Proline seems to play a key role and is found in all peptide type
ergot alkaloids.

The biosynthesis of the peptide moiety is at least partially
controlled by the relative amino acid concentration in the in-
ternal pool of the cells. This has been demonstrated by several
groups [2-5]. The addition of appropriate amino acids or their
analogues to the nutrient medium determines significantly the
proportions of the alkaloid mixture in a given strain. Pronoun-
ced effects were observed by using amino acid auxotrophic
mutants [3]. Also under parasitic conditions the alkaloid spec-
trum in a mature sclerotium may be altered by a given amino
acid.

Interesting to note that in submerged culture the competi-
tion between various amino acids is restricted to structurally
related compounds, e. g. phenylalanine can not be replaced by
branched-chain amino acids in an ergocristine producing
strain. Recently [4] the amino acid adjacent to lysergic acid in
ergotamine could be replaced by a-aminobutyric acid giving
the alkaloid ergostine. We wish to report the first directed bio-
synthesis of an ergot alkaloid with an altered proline moiety.

For these studies the C. purpurea strain MUT 168/2 was
used, which produces ergosine in submerged culture. The cul-
ture technique of this strain was described previously [6, 7].
Alkaloid production of strain 168/2 was achieved in an am-
moncitrate/saccharose medium NL 833. After the first day of
incubation ten flasks each containing 100 ml NL 833 were
supplemented with 5 g/l of L-thiazolidine-4-carboxylic acid [8,

9]. After further ten days’ incubation the cultures were harve-
sted, the mycelium filtered off and the filtrate extracted. The
filtrate contained 290 pg/ml ergosine/ergosinine and 60 pg/ml
of an unknown alkaloid X and its apparent isomer X;. X and
X, were interconvertible.

2'B—Methyl —=5'a —isobutyl —
9'—thiaergopeptine

Both compounds exhibit a bright fluorescence under UV-
light and give a blue color reaction with van Urk’s reagent. 30
mg of compound X as amorphous substance was obtained af-
ter succesive TLC-separation (silica gel PF»s4 Merck). The fol-
lowing solvent systems were used; I. Chloroform : methanol
(9:1); II. chloroform: methanol : acetic acid (80:15:5); IIL.
ethylacetate : methanol (95:5), Re-values in system I, 11, III
respectively: ergosine 0.45; 0.52, 0.22; X 0.51, 0.54, 0.44: er-
gosinine 0.76, 0.66, 0.59. X, 0.85, 0.77, 0.69.

Alkaloid X was identified as 2°B-Methyl-5"u-isobutyl-9"-
thiaergopeptine = “Thiaergosine”. It showed UV absorption
characteristic of lysergic acid derivatives, UVEQH 240, 312 nm
and an minimum at 270 nm. IR v OH, NH 3470, 3150-3300,
v CO 1725, 1660, 1645, 1545 cm’!, identical between
3500-750 cm! with the IR spectrum of ergosine. The mass
spectrum gave the following peaks: m/e no M* peak. 337, 298





