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CHAPTER I 

INTRODUCTION 

Statement of Problem 

Agroclavine, elymoclavine and chanoclavine are the major 

alkaloids produced in submerged cultures of C.purpurea PRL I98O (1). 

The precursors of these clavine alkaloids have been identified as 

tryptophan, dimethylallylpyrophosphate and methionine (2-4). 

Formation of 4-dimethylallyltryptophan (DMAT) from the alkylation of 

tryptophan by dimethylallylpyrophosphate is the first step in clavine 

alkaloids biosynthesis (5,6). It is evident that altemate pathways 

for tryptophan utilization could have a major effect on the 

biosynthesis of clavine alkaloids. 

The metabolism of tryptophan in ergot alkaloid biosynthesis has 

been studied for several years. The common metabolites of tryptophan, 

e.g. indole-3-acetic acid (lAA), indoleisopropionic acid and 

2,3-dihydroxybenzoic acid have been reported in cultures of Claviceps 

species (7-12). A new compound was found that resembled lAA in ionic 

behavior and migration on thin layer chromatography (TLC). The 

compoimd was extracted from cultures under different treatments and 

purified. The structiire and properties of this compound were then 

studied. The relationship of this compound to other tryptophan 

derivatives in C.purpurea PRL I98O was investigated. 

Column chromatography and TLC were used to separate the compounds 

derived from the mother liquor. Purification was achieved by using 

preparative TLC. The compounds purified were investigated by mass 



spectroscopy and the results are reported here. 

Review of Literature 

Precursors of Glavine Alkaloids 

The ergot alkaloids comprising about thirty ergoline derivatives 

are produced not only by fungi belonging to Claviceps and Aspergillus, 

but also by higher plants (I3-I5). Other fungi including Penicillium 

species (16) and Rhizopus arrhizus (14) also produce alkaloids. The 

great interest in ergot, mainly on account of the medicinal importance 

of the ergot alkaloids, has led to a number of investigations dealing 

with alkaloidal production, saprophytic culture, physiology, pathology 

and morphology of the ergot fungus (17,18). 

The precursors of the clavine alkaloids have been identified as 

tryptophan, isopentenyl pyrophosphate and methionine (2-4). DMAT was 

isolated from ergot cultures in which alkaloid synthesis had been 

inhibited by exclusion of oxygen (6) or by addition of ethionine (19). 

DMAT has been identified as the first intermediate in the sequence of 

steps leading to the ergot alkaloids (5$^)' An enzyme, dimethylallyl-

pyrophosphate: tryptophan dimethylallyl transferase, capable of 

catalyzing L-tryptophan and YiY-dimethylallylpyrophosphate into L-DMAT 

has been isolated from Claviceps (21). Floss and coworkers reported 

that a significant amount of L-DMAT was synthesized when D-tryptophan 

was added. The formation of L-DMAT evidently resulted from conversion 

of D-tryptophan to L-tryptophan in the crude cell-free extract (20). 



This conversion is known to taJce place in intact cell of Claviceps 

strain SD 58 (21). 

Metabolism of Tryptophan 

General Considerations 

Tryptophan is uniq_ue among amino acids in that it contains an 

indole nucleus, The degradation of tryptophan occurs in several 

pathways depending on the species. It can be hydrolyzed to indole, 

pyruvate and ammonia. One of the pathways involves oxidation of 

tryptophan to 5-hydroxytryptophan and decarboxylation of this amino 

acid to 5-hydroxytryptamine (serotonin) or other pressor amines. 

Another reactlon sequence retains the indole ring and modifies the 

side chain to form lAA, an important plant hormone. The fourth 

mechanism of tryptophan degradation involves oxidative cleavage of 

the indole ring (22). 

lAA and Indoleisopropionic Acid 

Tracer experiments carried out with excised shoot systems have 

provided good evidence that tryptophan is the primary precursor of 

lAA in higher plants and microorganisms (23-26) as well as fungi 

(8,27), 3-Indolepyruvic acid and 3-indoleacetaldehyde have been 

proposed as intermediates in this conversion. Some attempts have been 

made to study the conversion of tryptophan to lAA in cell free systems 

(28-31). InterTiiediary steps in the enzymatic conversion of tryptophan 

to lAA in cell free system mung bean seedlings has been investigated(32). 



The chemical evidence for formation of 3-indolepyruvic acid and 

3-indoleacetaldehyde intermediary compounds during the conversion was 

thus established. 5-Hydroxyindoleacetic acid was the main product 

14 
formed after feeding the ergot fungus with unlabeled and C-carboxyl 

labeled lAA (33). 

(R)-Indoleisopropionic acid which possessed activity as a plant 

growth hormone (7i34-36) was first isolated by Yamano (?) from the 

sclerotia of a strain of Claviceps parasitic on Festuca arundinacea. 

Only a few other Claviceps strains were found to produce indoleisopro-

pionic acid (9) . The precursors of this compound were L-tryptophan 

and the intact methyl group of L-methionine (37). 

Dihydroxybenzoic Acid 

Tryptophan can be converted by vaxious pathways to salicylic 

acid (38,39) which is then oxidized to dihydroxybenzoic acid. The 

latter reaction has shown to occur in higher plants (40). 

Altematively, tryptophan can be degraded via formylkynurenine, 

kynurenine and 3-hydroxykynurenine to 3-hydroxyanthrajiilic acid which 

is then oxidatively deaminated to dihydroxybenzoic acid (41). Recent 

research indicated the formation of dihydroxybenzoic acid by the 

ascomycetes Claviceps paspali and Aspergillus niger involved 

degradation of tryptophan by the kynurenine pathway to give 

anthranilic acid (11,42,43). The reaction for converting anthranilic 

acid to dihydroxybenzoic acid has been shown to be a one-step 

transformation and NADPH-dependent (44). Neither salicylic acid nor 



3-hydroxyanthranilic acid are intermediates (11,44), 

N-Ac etyltrypto phan 

Besides microorganisms (45-50)i N-acetyl-D-tryptophan has been 

reported to occur in plant tissues (51). Substances with high Rf 

corresponding to the malonyl and acetyl derivatives were observed in 

extracts of plants, i.e. barley shoots, fed the D-amino acid, These 

were weak or absent in plants fed the L-isomer (51). Glombitza and 

Hartmann obtained N-acetyltryptophan as one of the degradation 

products from surface cultures of Endomvcopsis which had been fed with 
14 

C-labeled DL-tryptophan (50). Luckner (47) has reported that 

Penicillium viridicatum can synthesize and accumulate in the medium 

N-acetyl-D-tryptophan from D-tryptophan, When N-acetyl-DL-tryptophan 

was added, only the L-isomer was metabolized. Several species of 

Saccharomyces have been shown by Hagemann to be able to acetylate 

D-tryptophan (48) and Zenk and Schmitt (45) have isolated an enzyme 

from yeast which catalyzed the transfer of the acetyl group from 

acetyl CoA to the a-amino group of D-amino acids. A great variety of 

D-amino acids including tryptophan were acetylated; the enzyme, 

however, was completely inactive towards the L-isomers (51). Zenk and 

Scherf in a survey of plants and microorganisms found that the 

metabolism of D-tryptophan in fungi formed N-acetyltryptophan (52). 

Siehr and coworkers (49) reported that the basidiomycete Cantharellus 

cibarius can convert D-tryptophan in submerged culture to N-acetyl-
D-tryptophan caso, There was only one report conceming the acetylation 



of both D- and L-isomers of tryptophan in saprophytic cultures (46). 

The acetylation of natural amino acids has been shown in vivo (53) • 

In experiments in which rats were injected with labeled tryptophan, 

Greenberg et al found that the L-isomer of tryptophan was acetylated 

in vivo (53) • 

Blocking the a-ajnino group of tryptophan by acetylation may 

prevent loss of tryptophan during quantitative analysis by some side 

reaction, The results in the color yields of modified AdamkLewiez 

reaction for N-acetyltryptophan was relatively much greater than that 

for tryptophan itself (54). 

Acetylation retarded considerably the capacity of L-tryptophaji 

to promote niacin synthesis and made D-tryptophan completely 

unavailable for this purpose (55)* Acetyl-D-tryptophan, like free 

D-tryptophan, is not utilized to a significant extent by man (5^$57)» 

However, the acetylated L-isomer was equal to an equivalent amount of 

L-tryptophan in the maintenance of nitrogen balance in the adult 

human (57)• 



CHAPTER II 

MATERIAL AND METHODS 

Materials 

Claviceps purpurea PRL I98O was a gift from Dr. W. A. Taber, 

Texas A & M University, College Station, Texas. Reference DMAT was 

synthesized in this laboratory primarily according to the procedures 

of Plieninger and coworkers (58-6I), but using a modified step for 

the decarboxylation of 4-bromoindole-2-carboxylic acid (62). 

Agroclavine was obtained from K & K Laboratories, Inc, 

Plainview, New York. Mannitol, L-tiyptophan and succinic acid were 

from Fisher Scientific Co., Fair Lawn, New Jersey. DL-Ethionine was 

obtained from Nutritional Biochemical Co., Cleveland, Ohio. Kodak 

single-coated silica gel TLC plates were from Eastman Kodak Co., 

Rochester, New York and Cheng-Ching polyamide sheets were from 

Gallard-Schlesinger Chemical Manufacturing Corporation, New York. 

Yeast extract was from Difco Laboratories, Detroit, Michigan; and 

Silica gel G and N-acetyl-L-tryptophan were from Sigma Ghemical Co., 

St. Louis, Missouri. All chemicals not listed were purchased as 

reagent grade from commonly available commercial sources. 

Methods 

Cultivation of Organism 

C.purpurea PRL I98O was used for the studies and was maintained 

on slants prepared from a sucrose-succinic acid-yeast extract medium 

(63) which contained 2 percent agar. The culture was grown at room 
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temperature in the same medium as slants except no agar was included. 

After 7-9 days on a rotary shaker, the cultures were used to 

inoculate a second flask of sucrose-succinic acid-yeast extract 

medium (34 percent inoculumn), After 3 "to 4 days when the culture had 

tumed pink, the mycelia were washed with an equal volume of 

sterilized distilled water ajid the inoculum (300 ml growth medium 

culture per 500 ml alkaloid producing medium) was transferred to the 

maiinitol-tryptophan-succinic acid medium (64). Cultures were grown in 

the dark on a rotary shaker at 120 rpm. 

For anaerobic experiments, C.purpurea PRL I98O was grown in 

submerged cultures in both shaken flasks and stirred fermentor for 

3 or 4 days. Then the cultures were made anaerobic by running 

nitrogen gas into the Gaspak tank or shutting off the air inlet to 

the fermentor. The cultures then stood for a further three days 

before harvested. 

The ethionine was added on the third day to the submerged 

culture medium by transferring the culture to the sterilized 

ethionine flask, The culture was then grown for another 3 days on 

the rotary shaker for harvest, 

In some experiments, L-tryptophan was replaced by the same 

concentration (50 mg/lOO ml) of other compounds, e.g. N-acetyl-L-

tryptophan, D-tryptophan or L-tyrosine. Each culture (I50 ml) was 

grown under the usual conditions and harvested on the 6th day. 



Measurement of Growth 

Equal volume of the homogeneous sample was transferred from each 

well-mixed culture to the graduated centrifuge tube. Growth was 

measured by centrifuging the culture at I55O rpm for 15 minutes. 

The level of mycelium sediment in the tube was recorded as ml per 

ml of culture sample taken. 

Determination of Total Alkaloids 

To 1 ml mother liquor, lO^ ammonium hydroxide was added until 

the pH reached above 10. The alkaloids were extracted with two 

portions of 2 ml diethyl ether and the combined extracts were 

extracted twice with 1 ml portions of 1% sulfuric acid. Each 

extraction was done by shaking the mixture intezmttantly over a I5 

minutes peroid. An aliquot of this acidic extract was mixed with 

ethanol to make the total volume to 1 ml and 2 ml of Van Urk's 

reagent was added, The Van Urk's reagent contained 200 mg 

p-dimethylaminobenzaldehyde and 3 mg FeCl^' 6H 0 in 100 ml 65^ H SO^ , 

After 30 minutes, the optical density of the solution was read at 

550 nm, The amount of total alkaloids was determined by comparing 

with the standard curve prepared with known amounts of a,groclavine (65). 

Extraction an TLC of Tryptophan Derivatives 

he harvested mother liqour, made alkaline with concentrated 

aqueous ammonia to pH 11, was shaken vigorously with chloroform to 

remove most of the alkaloids, The aqueous solution was neutralized 
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with 6 N HCL and extracted with n-butanol (66), The butanol extract, 

which contained considerable quantities of tryptophan derivatives, 

was concentrated with a rotary evaporator while the aqueous layer 

left was made acidic to pH 2 and further extracted with diethyl ether, 

The acidic ether extract was then concentrated down to dryness by 

the same method, The acidic ether extracts were examined by silica 

gel G TLC in chloroform: methanol: acetic acid (75: 20: 5)(CMA) 

solvent system, Each butanol extract was separated on two-dlmensional 

TLC in methyl acetate: isopropanol: ammonia (45: 35: 20)(MIA) and 

CMA solvent systems, 

Separation of Tryptophan Derivatives 

The butanol extract from 3 liters mother liquor was chromatographed 

on silica gel column with chloroform/ methanol/ ajiimonla as the eluajit 

(66), The ratio was changed step by step from 100: 0: 0,2 to 30: 70: 

0,2 , Each fraction collected (about 100 ml) was concentrated down and 

evaporated to dryness, The dry residue was redissolved in ethanol for 

TLC, MIA solvent system for TLC on silica gel G was used to separate 

clavine alk;aloids from other tryptophan derivatives, The regions below 

the alkaloids were separated into several fractions. The silica gel of 

each zone was eluted with two 30 ml portions of methanol containing 

5 percent ajnmonia, Each fraction was fractionated fujrther by 

chromatography on silica gel G TLC plates with CMA sol'vent system as 

developing solvent, The fractions eluted from the Chong-Ching 

polyamide sheets were used for mass spectrum measurement. 
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The acidic ether extract was treated in the same way as above 

except column chromatography was not used, The single compound 

obtained after separation on TLC in different solvent systems was 

concentrated down to dryness with a vaccum dessicator to avoid 

decomposition, 

Determination of Stereoisomer of N-Acetyltryptophan 

The concentration of isolated N-acetyltryptophan was determined 

from the absorbaJice at 280 nm and the extinction coefficient ôf 

reference N-acetyl-L-tryptophan in 95 percent ethanol, The absorbance 

measurement was maxie with the Cary 118 Spectirophotometer. The isolated 

N-acetyltryptophan in 95 percent ethanol was put in a 10 mmm micro cell 

of the Perkin-Elmer 141 Polarimeter for opticaJ. rotation measurement 

with the sodium lamp at 589 nm and at room temperature, 

Quantitative Determination of N-Acetyltryptophan 

Six day cultures (lOOml each) of C.purpurea PRL I98O were 

collected and filtered. The mother liquor was made basic with ammonla 

to pH 11 and extracted with chloroform three times. Half of the 

aqueous solution from the chloroform extract was used in the butanol 

extraction. The rest of it was adjusted to pH 2-3 with 6 N HC and 

then extracted with ether. The acidic ether extract was concentrated 

down to dryness on the rotary evaporator. The residue was redissolved 

in ethanol and applied for TLC in the CMA solvent system, The region 

corresponding to N-acetyltryptophan was scraped off, eluted with 95 
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percent ethanol, and concentrated. Two ml of Van Urk's reagent was 

added to each 1 ml of N-acetyltryptophan solution. After 30 minutes, 

the absorbance of the solution was read at 550 nm, The amount of 

N-acetyltryptophan was determined from the standard curve obtained 

from known amounts of N-acetyltryptophan, 



CHAPTER III 

RESULTS 

Major Components of n-Butanol Extract 

The two-dimensional TLC of the n-butanol extract obtained from 

MIA and CMA solvent systems is shown in Figure 1. Tryptophan and DMAT 

were identified by comparison with the reference compounds. 

Clavicipitic acid was identified from the mass spectrum at 175 0 and 

20 eV : m/e 270(23.83^), 215(45.34^), 182(22.28^), 169(51.74%), 

154(25.19?^) (66), Observation of two-dimensional thin layer 

chromatograms of extracts from different cultures indicated that 

anaerobic conditions decreased the amount of clavicipitic acid whereas 

ethionine caused it to increase. 

The Occurrence of N-Methyl DMAT 

The mother liquor obtained from anaerobic treatment was 

fractionated with silica gel column chromatography (see Methods). 

Each fraction collected was evaporated to dryness and further 

separated by TLC on silica gel G in MIA, CMA and on Cheng-Ching 

polyamide sheets in formic acid solvent systems. A compound purified 

from the region on TLC above DMAT in MIA and CMA was identified as 

N-methyl DMAT by mass spectroscopy at 220 C and 70 eV : m/e 286(21.14%), 

198(100%), 156(61.35%), 155(26%), 154(39.67%) (66). 

Alkaloid Production and Growth in Presence of Ethionine 

The volume of the cells decreased markedly after the ethionine 

was added (FigiJre 2). The rate of alkaloid production appeared to 

13 
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decrease with added ethionine (cf. Curve A, Figure 7). This decrease 

may be due to loss of cells. 

Natural Occurrence of N-Acetyltryptophan 

The remaining major component of the butanol extract was 

fractionated by preparative TLC as described in the Methods Section. 

The UV spectrum of this compound is shown in Figure 3« Maximum 

absorbance was at 280 nm. The curve indicates a tryptophan derivative. 

The position of this compound on TLC was above DMAT and 

tryptophan with Rf value of O.65 in MIA solvent, 0.62 in CMA solvent 

and 0.53 in formic acid solvent. When cospotted with N-acetyl-L-

tryptophan, there was no separation with TLC in different solvent 

systems. 

The mass spectrum revealed peaks at m/e 45(13%)» 130(100%), 

131(22%), 187(71%), 188(9%), 228(4.1%), 246(21%) under conditions 220°C 

and 20 eV (FLgure 4). By comparing the spectrum with that of N-acetyl-

tiyptophan (Figure 5 and Ref. 63), we concluded that this compound is 

N-acetyltryptophan. The interpretation of the mass spectrum is shown 

on Figure 6. 

Stereochemistry of N-Acetyltryptophan 

25 
The specific rotation of N-acetyltryptophan was la]^ =(+)24+ 1 

15° o 
(0.558 mg/ml) compared to the value of [d]^ = (+) 25 reported (59) 

for N-acetyl-L-tryptophan in 95 percent ethanol. The configuration 

was concluded to be the L isomer. 
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Figure 1. Two-dimensional TLC of butanol extract. The silica gel G 

plate was first developed in MIA solvent system. The 

plate, after drying under the hood, was developed in CMA 

solvent system for the second dimension. 

I : Tryptophan 

I I : DMAT 

I I I : Clavicipitic acid 

IV : N-Acetyltryptophan 

^ 
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Figure 2. Alkaloid production and growth in presence of ethionine. 

Ethionine (500 mg/500 ml) was added on the third day of 

incubation and the fungus was harvested on the sixth day. 

Alkaloid production 

Growth 

"X 
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Figure 3» The UV spectrum of isolated N-acetyltryptophan in 

95% ethanol. 
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Figtire 6. The interpretation of mass spectrum 
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Effect of Tryptophan, N-Acetvltryptophan and 
yrosine on the Alkaloid Production 
of C.Purpurea PRL 1980 

The fungus produced the maximum amount of alkaloid when 

L-tryptophan was added (Figure 7). N-Acetyl-L-tryptophan and 

L-tryptophan added to give the same total amount of addition as the 

other cultures had less alkaloid production than that with L-tryptophan 

alone, but much more than the experiment with only N-acetyl-L-

tryptophan added. Alkaloid production was low with no addition and 

with added N-acetyl-L-tryptophan, D-tryptophan or tyrosine (Figure 7). 

Effect of Tryptophan, N-Acetyltryptophan and 
Tyrosine on the Formation of 
Tryptophan Derivatives 

The formation of tryptophan derivatives with different additions 

to the culture medium was investigated by TLC (Table). The mother 

liquor from culture with added L-tiyptophan contained the added 

tryptophan, DMAT, clavicipitic acid and N-acetyltryptophan. The 

culture supplemented with N-acetyl-L-tryptophan contained N-acetyl-

tryptophan, DMAT, clavicipitic acid and tryptophan. When no 

tiyptophan was added, the amount of all four compounds was very low. 

There was only a trace of DMAT and N-acetyltryptophan formed in the 

culture with D-tryptophan added. No clavicipitic acid was observed 

in this case. With tyrosine but no tryptophan added to the culture 

medium, DMAT was produced as well as N-acetyltryptophan. However, 

fluor-containing silica gel G TLC indicated that there was no major 

spot in the Rf region where N-acetyltryptophan would be located. 
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Therefore, tyrosine was not significantly acetylated in the 

C. purpurea cul tures. 



29 



Figure 7. Effect of various additions to the culture medium on 

alkaloid production. Concentration was 50 mg/ 100 ml 

except Experiment B in which 25 mg/ 100 ml each of 

L-tryptophan and N-acetyl-L-tryptophan were added. 

A: L-Tryptophan 

B: L-Tryptophan + N-Acetyl-L-tryptophan 

C: D-Tryptophan 

D: N-Acetyl-L-tryptophan 

E: No Addition 

F: L-Tyrosine 
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CHAPTER IV 

DISCUSSION 

Natural Occurrence of N-Acetyl-L-Tryptophan 

Although several metabolites of tryptophan and its potential 

intermediates have been reported in Claviceps species (7-12), this is 

the first report of N-acetyl-L-tryptophan. Recently there have been 

several reports in the literature on the synthesis of N-acetyl-D-

tryptophan by microorganisms (45-50). Luckner has reported that two 

Penicillium species convert D-tryptophan to N-acetyl-D-tryptophan (47). 

Several species of Saccharomyces (48) and Endomvcopsis (50) have been 

reported to acetylate D-tryptophan. Zenk and Schmitt have isolated 

an enzymej N-acetyl-D-amino acid transferase, from yeast which will 

acetylate only the D-isomer of tryptophan with acetyl GoA as the 

acetyl donor (45). Zenk and Scherf in a survey of plants and micro-

organisms found that only D-tryptophan in fungi formed N-acetyl-

tryptophan (52). The ability to acetylate D-tryptophan is not 

prevalent ajnong basidiomycetes since C.cibarius is the only one of a 

relatively large nujnber of basidiomycetes surveyed which acetylate 

D-tryptophan (49). HOregott reported that N-acetylation of both L-

and D-isomers of tryptophan can occur in two strains of Cordyceps 

militaris although the formation of N-acetyl-D-tryptophan was twice 

as fast as that of N-acetyl-L-tryptophan (46). Greenberg et al 

reported the L-isomer of tryptophan can be acetylated in vivo in 

rats (53). Rosa and Neish indicated shoots of barley seedlings can 

form the acetyl derivative from all the D-isomers of amino acid 

32 
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whereas little, if any, is formed from the L-isomers (51). The 

production of N-acetyl-L-tryptophan in C.purpurea PRL I98O is 

therefore unusual since the D-isomer is formed in most species. In 

explaining the failure to find the L-isomer in species which have 

N-acetyl-D-tryptophan, Hagemann proposed that N-acetyl-L-tryptophan 

was rapidly metabolized when it was formed (48). This does not apply 

in C.purpurea PRL I98O where the L-isomer of N-acetyltryptophan is in 

greater quantity than the D-isomer. 

Effect of Tryptophan. N-Acetyltryptophan and 
Tyrosine on the Alkaloid Production 
of C.Purpurea PRL I98O 

he alkaloid production curves indicate that L-tryptophan is 

required for alkaloid biosynthesis. Compared to L-tryptophan, 

D-tryptophan is much less effective in increasing alkaloid production 

(Figure 7). Although Floss and coworkers (20) reported that L-DMAT 

could be synthesized from D-tryptophan in cell free systems, apparently 

via L-tryptophan, the low alkaloid production with D-tryptophan 

indicates that the conversion to L-tryptophan is too slow to cause 

significajit accumulation of L-tryptophan. N-Acetyl-L-tryptophan is 

ineffective in stimulating alkaloid biosynthesis. The hydrolysis of 

N-acetyl-L-tryptophan into L-tryptophan, necessary in order to 

stimulate alkaloid production, is evidently slow in C.purpurea cultures. 

Although alkaloid" production was low in the absence of added L-

tryptophan (Figure 7), DMAT was present in the cultures (Table). 

his suggests that the rate-determining step in alkaloid biosynthesis 
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in the cultures is the conversion of DMAT to the next intermediate. 

Effect of Tryptophan, N-Acetyltryptophan and 
Tyrosine on the Formation of 
Tryptophan Derivatives 

The increased tryptophan and tryptophan derivatives with 

N-acetyltryptophan added compared to the culture with no additions 

(Table) indicates that some hydrolysis of N-acetyltryptophan in the 

fungus may occur and that the tryptophan produced is converted into 

DMAT and clavicipitic acid. 

D-Tryptophan and L-tyrosine are ineffective as precursors of 

the tryptophan derivatives. The trace amounts of DMAT and 

N-acetyltryptophan produced were probably derived from L-tryptophan 

that the fungus itself synthesized. The fungus is not effective in 

acetylating L-tyrosine or D-tryptophan since neither N-acetyl 

derivative was found in significant quantities. 

' .•.lHtilíÍitiíiHtri 



SUMMARY AND CONCLUSION 

1. C.purpiirea PRL I98O can convert L-tryptophan into N-acetyl-L-

tryptophan. 

2. The acetylation of L-tyrosine and D-tryptophan in the fungus does 

not occur. This indicates considerable specificity of the enzyme 

required for the conversion of L-tryptophan into N-acetyl-L-

tryptophan. 

3. N-Acetyl-L-tryptophan does not stimulate alkaloid production 

significantly. 

35 



LIST OF REFERENCES 

1. J. G. Hsu and J. A. Anderson, Can. J. Mcrobiol., l^, 781 (I969). 

2. W. A. Taber and L. C. Vining, Ghem. Ind. (London). 1218 (1959). 

3. H. Plieninger, R. Fischer, G. Keilich and H. D. Orth, 
J. Liebigs Ann. Chem.. 642, 214 (I96I). 

4. R. M. Baxter, S. I. Kandel, A. Okany and R. G. P/ke, Gan. J. Chem., 
42, 2936 (1964). 

5. H. Plieninger, R. Fischer and V. Liede, Ann. Chem., 672, 223 (1964). 

6. J. E. Robbers and H. G. Floss, Arch. Biochem. Biophys., 126, 967 
(1968). 

7. T. Yamano, J. Agr. Chem. Soc. (Japan). 21f 1284 (I96I). 

8. T. Yamano, K. Kishino, S. Yamatodani and M. Abe, Ann. Rep. Takeda 
Res. Lab.. 20, 33 (I96I). 

9. T. Yajnano, K. Kishino, S. Yamatodani and M. Abe, Ann. Rep. Takeda 
Res . L a b . . 2 1 , 83 (1962) . 

1 0 . V. E. y i e r , K. Mothes, D. Groeger and H. G. F los s , Tetrahedron 
L e t t e r s , 593 (1964). 

11. D. Groeger, D. Erge and H. G. Floss, Z. Naturforsch., 20b, 856 
(1965)• 

12. P, V. Subba Rao, K. Moore and G. H. N. Towers, Biochem. Biophys. 
Res. Commun., 28, 1008 (I967)• 

13. M. Abe, A Consideration Concerning the Biosynthesis of the Ergot 
Alkaloids 2. Arbeitstagung " Biochemie und Physiologie der 
Alkaloide " Halle (Saale) May 21-25, 1960. 

14. J. F. Spilsbury and S. Wilkinson, J. Chem. Sco., 2085 (I96I). 

15. A. Hofmann, Planta Medica. 2» 354 (I96I). 

16. S. Agurell, Experientia, 20, 25 (1964), 

17. A. Hofmann, Die Mutterkornalkaloide, Ferdinand Enke Verlag, 
Stuttgart 1964. 

36 



37 

1 8 . S . Agure l l , E. Ramstad and A. J . U l l s t r u p , P lanta Kedica, 1 1 , 
392(1963). — 

19. A. Agurell and J. -E. Lindgren, Tetrahedron Letters. 5I27 (1968). 

20. P. F, Heinstein, S. -I, Lee and H. G. Floss, Biochem. Biophys. 
Research Commun.. 44, 1244 (I97I). 

21. H, G. Floss, U. Mothes and H. Gllnther, Z. Naturforsch, IQb, 
785 (1964). - ^ 

22. A. H. Mehler in McElroy, W. D., and B. Glass, Amino Acid Metabolism, 

Baltimore 885 (1955). 

23. F. Wightman, Can. J. Bot.. 40, 689 (I962). 

24. F. Wightman, C. N. R. S.. Paris pp. I93 (1964). 

25. H. J, Hope, M.S. Thesis, Carleston University, I963. 

2G. E. A. Schneider, PH.D. Thesis, Carleston University, I965. 

27, E. Teuscher, Phytochem., 4, 341 (I965). 

28, S, G. Wildman, M. Go Ferri and J. Bonner, Arch. Biochem.. 13, 
131 (1947). 

29, S. A. Gordon and F. Sanchez Nieva, Arch. Eiochem.. 20, 356 (1949). 

30, S. A, Gordon, R. L. Wain and F. Wightman, Butterworths, London, 

(^5 (1956). 

31, S, A. Gordon, Plant Phvsiol.. 21i 23 (1958). 

32, F. Wightman and D. Cohen, Biochem. Physiol., 6, 273 (1968). 

33, G, Teuscher and E, Teuscher, Phytochem., 4. 5II (I965). 

34, F, KOgl and D, G. F. R. Kostermans, Z. Physiol. Chem., 235, 

35, F, KCgl, H. Erxleren and A. J. Z. Haagen-Smit, Physiol Chem.. 
288, 90 (1934). 

36, K, K, Schlender, M, J. Bukovae and H. M. Sell, Phytochem., Ĵ, 
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