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CHAPTER I

INTRODUCTION

Statement of Problem

Dimethylallyltryptophan (DMAT) is the tirst inter-
mediate in clavine alkaloid biosynthesis (1,2). Clavici-

pitic acid has been isolated from cultures of Claviceps

sp. (3). A revised structure has recently been proposed
(4). The enzymatic catalysis of conversion of DMAT to
clavicipitic acid has been studied recently (5). Oxygen is
required, although it is not incorporated into clavicipitic
acid in the overall reaction (5). The overall reaction is
not clearly understood. The enzyme system for conversion
of DMAT to clavicipitic acid has not been studied.

The conversion of DMAT to clavicipitic acid involves
removal of two hydrogens from DMAT, and oxygen is reduced
in process. Also, most enzyme activity exists in the
microsomal fraction (5) suggesting that cytochrome P-450
is possibly involved in the reaction.

Benzo [@] pyrene and phenobarbitone increase the cyto-
chrome P-450 levels (6,7,8,9), whereas ethionine and
cyanide decrease the cytochrome P-450 levels (6,10,11).
Carbon monoxide competes in the binding of oxygen to
cytochrome P-450 (12). Therefore, the effect of these
substances on the reaction of DMAT to clavicipiti acid

was lnvestigated.



The product of the reduction of oxygen is either

hydrogen peroxide or water. With hydrogen peroxide as

product, the reaction for the conversion of DMAT to clavi-

cipitic acid was proposed as

DMAT + O2 —_—> Clavicipitic acid + H202
Since hydrogen peroxide can be reduced to water and oxygen
by catalase, the production of hydrogen peroxide was
investigated by determining the stoichiometry of clavi-
cipitic acid production and oxygen consumption in the
presence and absence of catalase. The production of
hydrogen peroxide was confirmed by coupling production or
hydrogen peroxide to its consumption catalyzed by horse-
radish peroxidase.

Thin layer chromatography and liquid scintillation
counter assay method were used to measure the enzyme
activity. The method is complicated and inaccurate. It
takes 3 to 5 days to obtain a result. Hence, it cannot

be used as an assay method during the purification steps.

Spectrophotometric assay methods were investigated as an

alternative method to measure enzyme activity and hydrogen

peroxide production.

Review of Literature

History of Clavine Alkaloids
The biosynthesis of ergot alkaloid has been studied

for about one hundred years. More than fifty alkaloids



have been isolated and characterized. Ercot alkaloids

are produced by a parasitic fungus Claviceps purpurea

which 1s a parasite on cereal crops and grasses and 1s

responsible for the disease called "St. Anthony's fire",

"holy fire" or simply "ergotism".

Pure ergot alkaloids and theilr semi-synthetic
derivatives find a variety bf medical applications.
These include ergometrine used in obstetrics, and
ergotamine which relieves migraine (13). Lysergic
acid diethylamide is not only used as a psychothera-
peutic agent (14) but also used as a potent hallucino-
genic drug. Agroclavine possesses novel pharma-
cological properties. In a study on mice by Mantle
(15), it was found that pregnancy can be blocked
effectively by feeding a diet containing agroclavine
at a non-toxic dosage.

Tryptophan and mevalonic acid have been reported
as precursors of alkaloid synthesis (16,17). 4-Di-
methylallyltryptophan has been well established as
the first intermediate in the alkaloid bilosynthesis
pathway (1,18,19,20). The mechanism of conversion
of DMAT to chanoclavine, e.g. hydroxylation, decar-
boxylation, N-methylation, and C-ring closure are
still a topic of current research. Four isomeric
chanoclavines exist in nature (13), namely chano-

clavine I, isochanoclavine I, (+) chanoclavine I, and
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(-) chanoclavine II (13). Agroclavine is formed by closing
ring-D of chanoclavine I. The detail mechanism of closure
of ring C or D is still not well understood. The pathway
of ergot alkaloid biosynthesis is shown in figure 1.

The formation of DMAT from tryptopﬁan and dimethyl-
allylpyrophosphate is catalyzed by dimethylallylpyro-
phosphate : tryptophan dimethylallyl transferase, which
is the first pathway-specific reaction of ergot alkaloid
biosynthesis (1,2,19,22). Dimethylallylpyrophosphate
tryptophan dimethylallyl transferase has been isolated
independently by Floss et. al. (1). It has a broad pH
dependence curve with an optimum at 7.5 to 8.0 (23).

Little enzyme activity is present during.the growth phase.
The enzyme activity increases rapidly during the 4th to
10th day period, and then decreases.

Hydroxylation of one of the methyl gfoups of DMAT has
been proposed as the second step in the biosynthetic
pathway. 4—(E-h—Hydroxy-B—methyl—A?—butenyl)—tryptophan
(E-HODMAT) is incorporated into elymoclavine but not into
agroclavine (24). Conversion of DMAT to E-HODMAT is
catalyzed by a hydroxylation enzyme or mixed-function
oxygenase, since only one oxygen atom of O2 goes into
substrate. The other oxygen atom is utilized to oxidize
NADPH or NADH (25 and M. S. Saini personal communication).

Therefore NADPH is required for this hydroxylation enzyme.
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Clavicipitic Acid
The accumulation of DMAT and previously undescribed
h-substituted indolic amino acid were demonstrated when the
alkaloid synthesis was blocked by ethionine in submerged

cultures of Claviceps species, strain SD-58. This pre-

viously undescribed 4-substituted indolic acid was isolated
and named clavicipitic acid by Floss et. al. (3). The
structure (I) was also proposed. The revised structure (II)

of clavicipitic acid has been recently proposed by Waight

t. al. (4).

H.C
3 NH H,C QHg
l COOH I N
N S
N N
H H
(1) (11)

The enzymatic catalysis of conversion of DMAT to
clavicipitic acid has been proved (5). Oxygen was required
but no cofactor was needed in this enzymatic catalysis
system. pB-(Hydroxymercuri)-benzoic acid strongly inhibited
the conversion, suggesting that a sulfhydryl group of the
enzyme was involved in the reaction. Diethyldithio-
carbamate, a chelating agent, strongly stimulated con-

version of DMAT to clavicipitic acid. This may be due to



the removal of inhibitory metal ion, eg., copper II (5).

Clavicipitic acid—luc is not incorporated into

agroclavine and elymoclavine., Therefore, it is not a

precursor of the clavine alkaloids (5)..



CHAPTER 1I

MATERTALS AND METHODS -~

Materials

Claviceps sp., strain SD-58 and Claviceps purpurea PRL

1980 used were the same as those described by Floss et. al.
(26,27) and by Taber (28). Reference clavicipitic acid
was from Dr. H. G. Floss of Purdue University, Lafayette,
Indiana. U4-Dimethylallyltryptophan was synthesized in
this laboratory primarily according to the procedures of
Plieninger and coworkers (29,30,31,32). A modified de-
carboxylation of 4-bromoindole-2-carboxylic acid was used
(33). Agroclavine was obtained from K & K Laboratories,
Inc., Plainview, New York. L-Tryptophan, .succinic acid,
2,5-diphenyloxazole were from Fisher Scientific Co., Fair
Lawn, New Jersey. Dowex-50 W resin (200-400 mesh), strep-
tomycin sulfate, diethyldithiocarbamate (sodium salt) were
from Sigma Chemical Co., St. Louis, Missouri. Isonicotinic
acid hydrazide was from Nutritional Biochemical Co.,
Cleveland, Ohio. Kodak single-coated medical x-ray film,
Kodak film developer and Kodak film fixer were from Eastman
Kodak Co., kuchester, New York. Yeast extract was from
Difco Laboratories, Detroit, Michigan, and silica gel G
was from E. Merk AG, Darmstadt, Germany.

All those not listed were purchased as reagent grade
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from commonly available commercial sources.

Methods -

Cultivation of Organism

Claviceps species, strain SD-58 was maintained on
slants under mineral o0il at room temperature. The slants
were prepared from a yeast extract-mannitol culture medium
NL-406 containing 2 percent agar (34). Inoculum was grown
for 6 to 8 days in yeast extract-mannitol medium NL-406.
Ten percent inoculum was then transfered to the alkaloid
production medium, NL-406 with 0.3 g yeast extract per
liter. Cultures were grown for 10 to 16 days on a rotary
shaker in the dark.

Claviceps purpurea PRL 1980 was maintained at room

temperature on slants prepared from a sucrose-succinic
acid-yeast extract medium. After 4 days on a rotary shaker,
the mycelia were washed with sterilized distilled water.

The mycelial suspension was used to inoculate biotin-free
mannitol-tryptophan-succinic acid medium (36), and cultures
were incubated in the dark for 3 to 5 days on a rotary

shaker.

Effect of Some Substances on
Alkaloid Production in vivo

Four 125 ml flasks (two containing 0.1 mmole benzp [a} -






