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CHAPTER I 

INTRODUCTION 

Statement of Problem 

Dimethylallyltryptophan (DMAT) is the first 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 

ik). 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 reduco'̂  

in process. Also, most enzyme activity exists in the 

microsomal fraction (5) suggesting that cytochrome P-450 

is possibly involved in the reaction. 

Benzo [a] pyrene and phenobarbitone increase the cyto

chrome P-450 levels (6,7»8,9). whereas ethionine and 

cyanide decrease the cytochrome P-^50 levels (6,10,11). 

Carbon monoxide competes in the binding of oxygen to 

cytochrome F-kSO (12). Therefore, the effect of these 

substances on the reaction of DMAT to clavicipiti acid 

wa:̂  investigated. 



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 + 0^ ^ Clavicipitic acid + H^O^ 

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 oi 

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 alkaloid? 
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have been isolated and characterized. Ervot alkaloiii? 

are produced by a parasitic fungus Claviceps purpurea 

which is a parasite on cereal crops and grasses and is 

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

"holy fire" or simply "ergotism". 

Pure ergot alkaloids and their semi-synthetic 

derivatives find a variety of 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 ilk) 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 (l6,17). ^-Di

methylallyltryptophan has been well established as 

the first intermediate in the alkaloid biosynthesis 

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 (I3) . namely chano

clavine I, isochanoclavine I, (+) chanoclavine IT, 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 tryptophan and dimethyl-

ally Ipyrophosphate is catalyzed by dimethylallyIpyro

phosphate : tryptophan dimethylallyl transferase, which 

is the first pathway-specific reaction of ergot alkaloid 

biosynthesis (1,2,19,22). DimethylallyIpyrophosphate : 

tryptophan dimethylallyl transferase has been isolated 

independently by Floss e^. al. (l). 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 groups of DMAT has 

been proposed as the second step in the biosynthetic 

pathway. 4-(E-4-Hydroxy-3-methyl-A -butenyl)-tryptophan 

(E-HODMAT) is incorporated into elymoclavine but not into 

agroclavine {2k), Conversion of DMAT to E-HODMAT is 

catalyzed by a hydroxylation enzyme or mixed-function 

oxygenase, since only one oxygen atom of Op 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 ^-substituted indolic acid was isolated 

and named clavicipitic acid by Floss e^. al. (3). The 

structure (I) was also proposed. The revised structure (II) 

of clavicipitic acid has been recently proposed by Waight 

et. al. (k), 

H^C 

COOH 

(I) (II) 

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

Clavicipitic acid-^^C is not incorporated into 

agroclavine and elymoclavine. Therefore, it is not a 

precursor of the clavine alkaloids (5). 



CHAPTER II 

MATERIALS AND METHODS 

Materials 

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

1980 used were the same as those described by Floss ejt. al. 

(26,27) and by Taber (28). Reference clavicipitic acid 

was from Dr. H. G. Floss of Purdue University, Lafayette, 

Indiana. ^-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 V/ resin (200-^00 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., Rochester, 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 

8 



from commonly available commercial sources. 

Methods 

Cultivation of Organism 

Claviceps species, strain SD-58 was maintained on 

slants under mineral oil at room temperature. The slants 

were prepared from a yeast extract-mannitol culture medium 

NL-406 containing 2 percent agar (3^). 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 198O was maintained at room 

temperature on slants prepared from a sucrose-succinic 

acid-yeast extract medium. After k 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] -
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pyrene and the other two containing 0.1 mmole phenobar

bitone) were sterilized. Four flasks of 5 days old cultures 

(50 ml per flask) of Claviceps sp. SD-58 (two with and two 

without 2 mM tryptophan) were transfered into these four 

sterilized flasks. Cultures were grown on a rotary shaker. 

One ml of culture per flask was taken out with a pipet 

every other day to check the alkaloid production. 

Effect of Carbon Monoxide on the 
Conversion of DMAT to 
Clavicipitic Acid 

Protein (7.2 mg), 0.02 mmole of diethyldithiocarbamate, 

and 0.1 M sodium carbonate pH 10.3 were put in a 10 ml 

Erlenmeyer flask with a rubber septum. Final volume was 

2,k ml. The flask was flushed with 95'5% carbon monoxide 

or 97% nitrogen gas for five minutes. DMAT (0.735 >imole. 

0.2juCi) was then injected into the flasks. The mixtures 

were incubated at 28 C for 5 hours. Thin layer chromato

graphy and liquid scintillation method (see page 12 of 

Methods section) was used for determining the percentage 

of clavicipitic acid. 

Extiaction of Clavine Alkaloids 

The culture was filtered and the filtrate was made 

basic with ammonium hydroxide. Ether was added to the 

alkaline solution to extract the alkaloids. The other 

portion was separated and 0.1 N sulfuric acid was then 
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added. The sulfuric acid portion, which contained the 

alkaloids, was neutralized with ammonium hydroxide. Ether 

was again used to extract the alkaloids from the neutralized 

solution. Finally the ether was evaporated and the residue 

was dissolved in a mixture of 95^ ethanol and 0.5^ amjnonium 

hydroxide. 

Determination of Total 
Alkaloids (37) 

The colorimetric method was used to determine the 

total alkaloid content. A known volume of alkaloid was 

mixed with ethanol to give a total volume of 2 ml. Van 

Urk*s reagent (2 ml) was then added. The van Urk's reagent 

was made up of 0.2 g p-dimethylaminobenzaldehyde and O.OO3 g 

FeCl^-6H20 and 100 ml GS^o H^SO^. The absorbance of the 

mixture at 550 nm was measured after one-half hour. The 

total amount of alkaloids was calculated by comparison 

with the absorbance of a reference solution of agroclavine. 

Preparation cf Enzyme Solution 

A 12 to 16 days old culture of Claviceps sp. SD-58 or 

2 to 5 days old culture of Claviceps purpurea PRL 198O was 

filtered. T̂ .e cells were washed with distilled water and 

0.1 M sodium phosphate buffer (pH7). The washed cells ' 

were suspended in 0.1 M. pH 7 sodium phosphate buffer 

solution and homogenized with the Virtis homogenizer at 
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high speed for 5 minutes. The homogenized sample was 

centrifuged at 12,000 x g for 30 minutes. The supernatant 

(crude extract) was centrifuged again at 105,000 x g for 

one hour. The residue was suspended in 0.1 M, pH 10.3 

sodium carbonate buffer solution with the Potter Elvehjem 

homogenizer (microsomal fraction). To solubilize the 

enzyme, 0.1^ Triton X-100 was added to the microsomal 

fraction. After 30 minutes the mixture was recentrifuged 

at 105,000 X g for one hour, and supernatant fraction 

(solubilized enzyme) collected. The recentrifuged residue 

was again suspended in 0.1 M, pH 10.3 sodium carbonate 

buffer (recentrifuged microsomal fraction). To preserve 

the enzyme, the experiment was carried out at 0°C to 5°C. 

Incubation of Enzyme and Measurement 
of Enzyme Activity 

Thin Laver Chromatography and 
Liquid Scintillation Counter 
Method 

Incubation mixture (2.4 ml), consisting of 2 ml enzyme 

solution (crude extract, microsomal fraction, or recentri

fuged microsomal fraction), 0.735/imole of DMAT (0.2;iCi) 

and 0.048 mmole of diethyldithiocarbamic acid was incubated 

at 28°C. The pH was adjusted to pH 10.3 with 1 N NaOH 

prior to the addition of DMAT. At the end of the incubation 

period, the pH value of the incubation mixture was adjusted 

to approximately 5 using 0.1 N HCl. The incubation period 
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varied from 20 minutes to 12 hours depending on the activity 

of enzyme and purpose of the experiment. 

After incubation, the mixture was allowed to run 

through a Dowex 50 H"*" resin (200-400 mesh) column. The 

column was then washed with 50 ml of ̂ distilled water and 

eluted with 30 ml of 10^ ammonium hydroxide solution. In 

order to obtain complete ion exchange another 50 ml of 10% 

ammonium hydroxide solution was added to the column and 

allowed to remain in it overnight. The 50 ml of eluate 

collected the next day was mixed with the first 30 ml 

elution and the combined fractions were dried in a rotary 

evaporator at approximately 60°C under reduced pressure. 

The residue was dissolved in 10 ml 90% ethanol, 1% ammonium 

hydroxide. This solution was dried again using the same 

apparatus under similar conditions. This residue was 

dissolved in 0.2 ml 90% ethanol, 1% ammonium hydroxide 

solution. 

Samples were spotted on thin layer chromatography 

plates. The thin layer chromatography plates were developed 

with MIA solvent (methylacetate : isopropanol : ammonium 

hydroxide =45 : 35 : 20). After the development, the 

plates were air-dried. An x-ray film was put on top of 

each plate for 2 to 5 days depending ^n the radioactivity 

of the samples. Autoradiograms thus obtained would show 

several dark spots. The corresponding areas on the thin 

layer chromatography plates were then scraped into counting 
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vials. After adding 15 ml of 5% 2,5-diphenyloxazole in 

toluene into each counting vial, radioactivity of each 

sample was measured by means of liquid scintillation counter 

and thus the enzyme activity could be determined. 

Spectrophotometric Method 

Incubation mixture, consisting of 2 ml solubilized 

enzyme solution, 0.47;Limole DMAT, 0.2 mmole of peroxidase 

substrate (eg. guaiacol, phenylenediamine etc.) in a total 

volume of 3«3 iril, was incubated at 28°C and pH values from 

10.2 to 10.4. The reaction was started by adding DMAT. 

The reaction was followed by measuring the change in absor

bance of the peroxidase substrate at the wavelength corres

ponding to its peak absorbance (480 nm for guaiacol, 430 nm 

for phenylenediamine) with a Beckman Model. DB 14 spectro

meter. The same incubation mixture without DMAT was used 

as reference. Data were taken for ten to thirty minutes 

from the start of the reaction. Activity was expressed as 

the change in absorbance per minute. 

Extinction Coefficient of Oxidized 
Phenylenediamine . 

Beckman [Î del DB 14 spectrometer was used in this 

experiment. Phenylenediamine (0.5;umole) was completely 

oxidized by 53 ;umole of hydrogen peroxide in the presence 

of 0.3 mg horseradish peroxidase in 0.1 M, pH 10.3 sodium 
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carbonate buffer. Total volume was 3.0 ml. The same 

mixture without hydrogen peroxide was used as reference. 

The maximum absorbance peak of oxidized phenylenediamine 

was at 430 nm. The absorbance of 0.5;umole oxidized 

phenylenediamine was O.35. The cuvet used was 1 cm wide. 

So the extinction coefficient of oxidized phenylenediamine 

was 2.1 x 10^ M'̂ cm"-'-. 

Measurement of Oxygen Consumption 
during Claivicipitic 
Acid Formation 

The Warburg apparatus was used for studying oxygen 

consumption in the reaction which forms clavicipitic 

acid (38) • The reaction mixture, consisting of 2 ml 

of solubilized enzyme solution (7.2 mg), O.03 mmole 

of diethyldithiocarbamic acid and either 0.3 mg of 

catalase or 0.3 mg of 3-amino-l,2,4-triazole (2.6 ml 

total volume) was placed in the main compartment of a 

Warburg flask. DMAT (3.68;umole, 0.2 ;uCi "^^C-DMAT), 

which had been placed in the sidearm of the Warburg 

flask, was used to start the reaction. The incubation 

mixture without DMAT was the control for the experiment. 

The temperature was 28^0. Oxygen consumption was 

recorded every ten minutes for two hours. The reaction 

was then stopped by lowering the pH to 5 with 0.1 N HCl 

and the incubation mixture was then run through a Dowex 

50 H resin column. Procedures after this step were the 



16 

same for measurement of enzyme activity by thin layer 

chromatography and liquid scintillation method. 



CHAPTER III 

RESULTS 

Effect of Carcinogens and Tryptophan 
on Alkaloid Production in vivo 

The results showed that both benzo [a] pyrene and pheno

barbitone caused an increase in alkaloid production in the 

absence of tryptophan (Figure 2). However, these compounds 

had no effect on alkaloid production when tryptophan was 

added to the culture medium (Figure 3). On the other hand, 

tryptophan by itself increased alkaloid production. 

Conversion of DMAT to Clavicipitic 
Acid in vitro 

Conversion in the Supernatant 
and Microsomal Fraction 

Supernatant and microsomal fraction were separately 
1 4 / incubated with C-DMAT (see Method section page 12). It 

was found that with the microsomal fraction (1.5 nig per 

flask) 13'8% of DMAT was converted to clavicipitic acid. 

In the supernatant (3.2 mg per flask) only 4.8% of DMAT 

was converted to clavicipitic acid. Thus, most of the 

enzyme activity was in the microsomal fraction. 

17 



FIGURE 2 

Effect of benzo [a] pyrene and phenobarbitone on alkaloid 

production in the absence of tryptophan. 

• Control 

o 2 mM Benzo [a] pyrene 

D 2 mM Phenobarbitone 
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FIGURE 3 

Effect of benzo [a]pyrene and phenobarbitone on alkaloid 

production in the present of 2 mM tryptophan. 

• Control 

o 2 mM Benzo [a] pyrene 

D 2 mM Phenobarbitone 
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Solubilization of Enzyme 

with Diethydithiocarbamic Acid 
at High pH Value 

The percentage conversion of DMAT to clavicipitic acid 

was determined (Table 1). It was found that after incu

bation with resuspended supernatant there was l4.8% con

version, while with resuspended microsomal fraction there 

was 52.7% conversion. Therefore, only part of the enzyme 

activity can be solubilized by diethyldithiocarbamic acid 

at high pH value. Most of the enzyme activity remained 

in the microsomes. 

with Triton X-100 

Conversion of DMAT to clavicipitic acid was determined 

in each case (Table 2). Results indicated that 1% Triton 

X-100 could solubilize the enzyme almost completely without 

affecting the enzyme activity. 

Time Course 

Microsomal fraction was incubated with DMAT for various 

lengths of time. Conversion of DMAT to clavicipitic acid 

was measured The plot of percentage conversion of DMAT 

to clavicipitic acid versus time appears to be a straight 

line from zero to 45 minutes, and after five hours it 

reaches a saturation of about 70% (Figure 4). 
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TABLE 1 

Solubilization of enzyme by diethyldithiocarbamic 
acid at high pH 

Enzyme fraction Protein 
(mg/ml) 

0 

1.7 

0.5 

1.3 

% Clavicipitic 
acid 

3 

61 

15 

53 

None 

Microsomal fraction 

Recentrifuged supernatant 

Resuspended microsomal 
fraction 

Microsomes were suspended in a mixture of 0.1 M, pH 10.3 

sodium carbonate buffer and 0.02 M diethyldithiocarbamic 

acid. The suspension was then recentrifuged at 105,000 x g 

for one hour. Microsomal fraction, recentrifuged super

natant and resuspended microsomal fraction were incubated 

with 0.735 >imole oi* •'•C-DMAT (0.2>iCi) for 5 hours. Other 

conditions as described on page 12 of Methods section. 
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TABLE 2 

Solubilization of enzyme with Triton X-100 

Enzyme fraction Protein 
(mg/ml) 

0 

1.9 

1.9 

% Clav 

• 

icipitic 
acid 

3.3 

28 

27 

None 

Microsomal fraction 

Microsomal fraction + 
1% Triton X-100 

Solubilized enzyme 
solution 

Resuspended microsomal 
fraction 

1.7 

0.3 

22 

3.6 

Triton X-100 (l%) was added to the microsomal fraction. 

After 30 minutes at 0°C the suspension was recentrifuged 

at 105,000 X g for one hour. Microsomal fraction, 

microsomal fraction with addition of 1% Triton X-100, 

solubilized enzyme solution, and resusp.ended microsomal 

fraction were incubated separately with 0.735 >imole of 

i^C-DMAT (0.2 ;uCi) for 5 hours. Other conditions as 

described on page 12 of Methods section. 
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Effect of Enzyme Concentration 

Mixtures with various concentrations of microsomal 

fraction were incubated for 30 minutes. The conversion of 

DMAT to clavicipitic acid was measured. Results showed 

that higher protein concentration gave higher percentage 

conversion. However, there was no increase in conversion 

above 2 mg/ml protein concentration (Figure 5). 

Effect of pH 

Microsomes were suspended in 0.1 M, pH 7 sodium phosphate 

buffer or 0.1 M, pH 10.3 sodium carbonate buffer. There was 

13% conversion at pH 7 and 59% conversion at pH 10.3. 

Effect of Carcinogens, Tryptophan, 
etc. on the Conversion of DMAT to 

Clavicipitic Acid in vitro 

Benzo a pyrene. Phenobarbitone, and 
Tryptophan 

The results of incubation of these microsomal fractions 

(Table 3) showed that carcinogens and tryptophan had no 

significant effect on the conversion of DMAT to clavicipitic 

acid. 

Ethionine. Isonicotinic Acid Hydrazide, 
and Cyanide 

Compounds which affect alkaloid production were added 

to determine the effect on conversion of DMAT to clavi-



FIGURE 5 

Effect of amount of microsomal fraction on conversion 

of DMAT to clavicipitic acid in Claviceps sp. SD-58. 

Conditions were the same as in figure 3 and as in Methods 

page 12. The incubation time was 30 minutes. 
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TABLE 3 

Effect of benzo [a] pyrene, phenobarbitone and 
tryptophan on conversion of DMAT to 

clavicipitic acid in vitro 

Addition % Clavicipitic acid 

Experiment I Experiment T. 

Control 

2 mM Tryptophan 

2 mM Phenobarbitone 

2 mM Tryptophan + 
2 mM phenobarbitone 

14 

19 

38 

13 

20 

15 

16 

Phenobarbitone (2 mM) and tryptophan (2 mM) were added to 

5 days old cultures. The cultures were filtered after ten 

days, and the microsomal fractions were obtained. 
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cipitic acid. Ethionine (6), isonicotinic acid hydrazide 

(39), or sodium cyanide (6) was added to the incubation 

mixture. Microsomal fractions were incubated with DMAT 

and the formation of clavicipitic acid was determined by 

thin layer chromatography and liquid scintillation counter 

method. The results indicated that these compounds had no 

significant effect on the conversion of DMAT to clavi

cipitic acid in vitro (Table 4). 

The failure of cyanide to inhibit conversion indicates 

that cytochrome oxidase is not involved, since cyanide is 

a very effective inhibitor of this enzyme (10). 

• 

Carbon Monoxide 

The percentage conversion of DMAT to clavicipitic acid 

in the presence of carbon monoxide is 14.5% whereas that 

in the presence of nitrogen is 13%. The conversion of DMAT 

to clavicipitic acid in the presence of carbon monoxide 

compare to the control was not decreased. Therefore, 

cytochrome P-450 is not involved in the enzyme system of 

conversion of DMAT to clavicipitic acid. 

Product of Reduction of Oxygen in Conversion 
of DMAT to Clavicipitic Acid 

Stoichiometry of Oxyg:en Consumption 
and Clavicipitic Acid Formation 

Warburg apparatus was used for studying oxygen con-
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TABLE 4 

Effect of ethionine, isonicotinic acid hydrazide 
and cyanide on conversion of DMAT to 

clavicipitic acid in vitro 

Addition to culture medium % Clavicipitic acid 

1 
Experiment I 

No enzyme 3 

None • 12 

10 mM Ethionine 15 

5 mM isonicotinic acid hydrazide 11 

2 
Experiment II 

None 59 

1 mM cyanide 67 

1. Crude extract from l6 days old Claviceps sp. SD-58. 
Incubation 12 hours. 

2. Microsomal fraction from 3 days old Claviceps purpurea 
PRL 1980. Incubation 8 hours. 

Other condition as in Figure 3 and Methods page 12. 
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sumption of the enzymatic reaction which converts D:.:AT to 

clavicipitic acid. The results showed that oxygen con

sumption in the incubation with 3-amino-l,2,4-triazole 

(a catalase inhibitor) (40) was twice as much as the incu

bation with catalase (Table 5). The synthesis of clavi

cipitic acid was determined by thin layer chromatography 

and radioactivity measurement on the liquid scintillation 

counter (Methods page 12). The conversion v/as about the 

same for incubation with catalase and with 3-amino-l,2,4-

triazole. The molar ratios of Op consumption to clavi

cipitic acid produced with 3-amino-l,2,4-triazole and with 

catalase were about one and 0.5. 

Hydrogen Peroxide as a Product of the Reaction 

Peroxidase, 3-amino-l,2,4-triazole, and peroxidase 

substrates (eg. guaiacol, phenylenediamine) were added to 

the enzyme solution before the beginning of the incubation. 

The change in color of the resultant mixture (In the pre

sence of diethyldithiocarbamic acid the incubation mixture 

did not change color), due to the oxidized products of the 

peroxidase substrates, indicated that hydrogen peroxide 

was a product of tl e reaction. The time it took for the 

noticeable change of color depended on the activity of the 

enzyme and usually it was about 3 to 5 minutes. The rate 

of reaction was measured spectrophotometrically. 
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TABLE 5 

Oxygen consumption and conversion of DMAT to 
clavicipitic acid in microsomal fraction 

from Claviceps purpurea PRL I98O 

;umole jumole Clavicipitic ^^2 
Addition Op A Op acid 

01. acid 
% ;umole 

3-Amino-l,2,4- O.65 
triazole 

3-Amino-l,2,4- 3-12 , 2.47 59 ^ 2.17 1-1 
triazole + DMAT 

Catalase 0.80 

Catalase + DMAT 2.15 1-35 62.5 2.30 0.6 

* see Methods section page 15 
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Spectrophotometric Assay Method 
for Enzyme Activity 

The absorbance of the incubation mixture at 480 nm 

( maximum absorption peak of oxidized guaiacol) was measured. 

It was found that when the concentrations of other substances 

were fixed, the reaction rate increased with increase in 

DMAT concentration (Figure 6) and reached the maximum rate 

at approximately 1.84;umole DMAT per assay (3.3 ml). Simi

larly, by varying the enzyme concentration, the reaction 

rate increased with increase in enzyme concentration (Figure 

7). The reaction rate was independent of peroxidase con

centration (Figure 8) and decreased with increase in guaia-

col concentration (Figure 9). 

The conditions for maximum reaction were therefore 

0.3 mg peroxidase, 3.56;umole 3-amino-l.2.4-triazole. 1.47 

;umole DMAT, and 5.0;umole guaiacol. Under these conditions, 

the reaction rate was 0.015 absorbance per minute with 4 mg 

of protein per assay. 

Absorbance measurements of incubation mixtures at 

430 nm (maximum absorbance peak for oxidized phenylenediamine) 

showed that the reaction rate increased with DMAT and enzyme 

concentration (Figure 10,11) and was independent of both 

peroxidase and phenylenediamine concentrations. 

The conditions for maximum reaction in this case were 

0.3 mg peroxidase, 3.56;umole 3-amino-l,2,4-triazole, 1.47 

;umole DMAT and 0.03 mmole phenylenediamine. The maximum 



FIGURE 6 

Effect of DMAT concentration on enzyme activity with 

guaiacol as peroxidase substrate. The solution contained 

8.2 mg protein, O.3 mg peroxidase, 30 jumole guaiacol and : 

3.56 /Amole 3-amino-l,2,4-triazole in 0.1 M sodium carbonate \ 

buffer, pH 10.3. Final volume was 3-3 ml. The reaction | 

rate was measured spectrophotometrically as described in I 

the Methods section. 
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FIGURE 7 

Effect of protein concentration on enzyme activity 

with guaiacol as peroxidase substrate. Solutions contained 

solubilized enzyme, O.3 mg peroxidase, 30 jjnaole guaiacol 

and 3.56;umole 3-amino-l ,2,4-triazole in 3.3 ml of 0.1 M, 

pH 10.3 sodium carbonate buffer. The reaction rate was 

measured spectrophotometrically as described in the Methods 

section. 
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FIGURE 8 

Effect of increasing peroxidase concentration on 

enzyme activity. Solutions contained 4 mg protein. 1.47 

jumole DMAT, 30 ;umole phenylenediamine and 3.56;umole 3-

amino-1,2,4-triazole in 0.1 M, pH 10.3 sodium carbonate 

buffer with 1% Triton X-100. Final volume was 3-3 ml. 

The enzyme activity was measured spectrophotometrically 

as described in the Methods section. 
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FIGURE 9 

Effect of guaiacol concentration on enzyme activity. 

The solutions contained 8.2 mg protein, 0.3 mg peroxidase, 

30 ̂ mole guaiacol, 3.56;umole 3-amino-l ,2,4-triazole and 

1.47jumole DMAT in 0.1 M, pH 10.3 sodium carbonate buffer. 

Final volume was 3*3 ml. Spectrophotometric assay method 

was described in the Methods section. Wavelength 480 nm 
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FIGURE 10 

Effect of DMAT concentration on activity with phenylene 

diamine as peroxidase substrate. Solutions contained 4 mg 

protein, 0.3 mg peroxidase. 30 jumole phenylenediamine and 

3.56>umole 3-amino-l .2.4-triazole in 0.1 M, pH 10.3 sodium 

carbonate buffer, 1% Triton X-100. The -final volume was 

3.3 ml. The enzyme activity was measured by spectrophoto

metric method which described in the Methods section. 
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FIGURE 11 

Effect of protein concentration on enzyme activity 

with phenylenediamine as peroxidase substrate. The control 

solution was same amount of protein as samples (0.4 mg or 

0.8 mg or 1.6 mg or 2.4 mg per ml), 0.3 mg peroxidase, 30 

;umole phenylenediamine and 3.56jumole 3-amino-l ,2.4-triazole 

in 0.1 M, pH 10.3 sodium carbonate buffer with 1% Triton X-

100. The total volume was 3.3 ml. Enzyme activity was 

measured spectrophotometrically as described in the Methods 

section. 
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rate thus obtained was 0.025 absorbance per minute with 

4 mg of protein per assay. The specific activity was 

1.0 x 10 ;uimole/min/mg protein. 

Phenazine methosulfate, dichlorophenolindophenol and 

triphenyltetrazolium chloride were incubated with DMAT and 

enzyme solution. There was no color change in the incu

bation mixture. 



CHAPTER IV 

DISCUSSION 

Effect of Carcinogens and Tryptophan 
on Alkaloid Production 

Carcinogens and tryptophan increase alkaloid production 

(Tyler ejt. al. , 28). It has also been shown by Ambike et. al 

(6) that benzo [a]pyrene and phenobarbitone increase the 

levels of cytochrome P-450. They showed that the increase 

of cytochrome P-450 is paralleled by an increase in total 

alkaloid production. On the other hand, they showed that 

cyanide produced marked and sustained reductions in both 

cytochrome P-450 and total alkaloid. Therefore, the in

crease in alkaloid production in vivo when benzo[a] pyrene 

and phenobarbitone (Table 1,2) were added to the culture 

medium can be explained by the increase in cytochrome P-450. 

The stimulatory effect of L-tryptophan on alkaloid 

production has been previously studied by several workers 

(28,41,42.43.44). It has also been established that 

tryptophan is the precursor of the ergot alkaloids (13)-

However, the increase in ergot alkaloids caused by addition 

of tryptophan to the culture medium '>.z not only because 

tryptophan serves as a precursor but because it also act 

as an inducer of the alkaloid synthesizing enzymes (45). 

Thus the observed increase in alkaloid production upon 

'̂ 9 TEXAS T:O;: L.-J.-ÎSV 



50 

addition of tryptophan can be explained. The failure of 

benzo[a] pyrene and phenobarbitone to stimulate alkaloid 

production in the presence of 2 mM tryptophan (Figure 3) 

IS probably because tryptophan (at 2 mM concentration) alone 

has induced the maximum alkaloid production. 

Conversion of DMAT to 
Clavicipitic Acid 

The conversion of DMAT to clavicipitic acid is enzymatic. 

The properties of this enzyme have been recently studied by 

Bajwa e±. al. (5). For further studies the properties of 

this enzyme, ways to obtain a more purified and concentrated 

form of the enzyme are needed. Therefore, the distribution 

of enzyme activity in the cell free system was studied. 

Results indicated that most of the enzyme activity was in 

the microsomal fraction. Several ways have been attempted 

to solubilize the enzyme from the microsome. The enzyme 

was successfully solubilized by Triton X-100. The solu

bilized enzyme had the same activity as the enzyme in the 

microsomal fraction. 

The location of the enzyme in the microsomal fraction 

suggested involvement of cytochrome P-450 (6). Since 

cytochrome P-450 is inhibited by carbon monoxide, the effect 

of carbon monoxide on the conversion of DMAT to clavicipitic 

acid was determined. The conversion of DMAT to clavicipitic 

acid was not decreased in the presence of carbon monoxide. 

This indicated that cytochrome P-450 was not involved in 
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the conversion of DMAT to clavicipitic acid. 

Product of Reduction of Oxygen in Conversion 
of DMAT to Clavicipitic Acid 

The reduction product of 0^ could be either H^Op or 

H^O. A proposed reaction for the conversion of DMAT to 

clavicipitic acid in the presence of oxygen is : 

DMAT + 0^ > Clavicipitic acid + H^O^ 

In the presence of catalase, hydrogen peroxide will be 

converted to water and oxygen (H^O^ catalase^ H^O + J Op). 

So the overall reaction for conversion of DMT to clavi

cipitic acid in the presence of oxygen and catalase can be 

written as : 

DMAT + 1 0 ^ ^̂ "̂ Q-̂ Q-̂ ^ > Clavicipitic acid + H^O 

If one compares the reaction of DMAT to clavicipitic acid 

in the presence of the catalase inhibitor 3-amino-l,2,4-

triazole and that in the presence of catalase one finds the 

ratio of oxygen consumption and clavicipitic acid production 

is one in the first case and 0.5 in the second. The experi

mental results (Table 5) seem to agree very well with the 

above proposed reaction for conversion of DMAT to clavi

cipitic acid. 

Horsera'^ish peroxidase and various electron donors 

can be used as detectors for the production of hydrogen 

peroxide. The oxidized electron donor has its own charac

teristic color and maximum absorbance peak, which can be 

detected visually, as well as with the spectrophotometer. 
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In this study, both guaiacol and phenylenediamine had been 

tested and oxidized guaiacol and phenylenediamine were 

detected, further confirming that H^O^ is a product of the 

reaction. The complete reaction is shown in figure 12. 

Spectrophotometric Assay Method 

The determination of enzyme activity by thin layer 

chromatography and liquid scintillation counter assay method 

usually takes several days to obtain a result. In addition. 

it is complicated and inaccurate due to the number of steps 

involved. As an alternative, a spectrophotometric assay 

method was tried with various artificial electron acceptors 

and donors. Phenazine methosulfate, dichlorophenolindo

phenol and triphenyltetrazolium chloride were inactive in 

the DMAT-clavicipitic acid enzyme system. -However, horse

radish peroxidase plus guaiacol. phenylenediamine. and other 

peroxidase substrates served successfully as detectors for 

the production of hydrogen peroxide in the absence of thiol 

compounds such as diethyldithiocarbamate (since thiol com

pounds inhibit horseradish peroxidase). Enzyme activity was 

measured by the change in absorbance per minute of oxidized 

guaiacol, phenylenediamine, etc. 

It was found that enzyme activity did not increase 

with increasing horseradish peroxidase concentration (Figure 

8) indicating that horseradish peroxidase was not a limiting 

factor in the reaction. Evidently, horseradish peroxidase 
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COOH 

+ 0, 

COOH 

H.O^ 

DMAT Clavicipitic acid 

Figure 12. Complete reaction for conversion of DMAT to 
clavicipitic acid 
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was sufficiently active even at pH 10.3 though the optimum 

pH value is about 6. 

To maximize the reaction rate, the concentration of 

each constituent of the incubation mixture for the spectro

photometric assay method was varied one by one while the 

rest remained fixed. The rate reached a maximum at O.55 rrJ.: 

DMAT. This probably is the limit of solubility of BVAT at 

pH 10.3. 

The decrease in enzyme activity due to increase in 

guaiacol concentration indicated that guaiacol inhibits 

the enzyme which converts DMAT to clavicipitic acid. The 

mechanism of inhibition is not known. Phenylenediamine 

does not inhibit the enzyme, since change in concentration 

of phenylenediamine in the incubation mixture did not 

affect the enzyme activity. 

The maximum reaction rate obtained using phenylene

diamine in the incubation mixture was higher than that 

obtained using guaiacol. This further confirms that 

phenylenediamine does not inhibit the enzyme which converts 

DMAT to clavicipitic acid. Therefore, phenylenediamine is 

a preferred electron donor (over guaiacol) in the spectro

photometric assay method. 

The act-̂ vlty of enzyme in the conversion of DMAT to 

clavicipitic acid can be measured in ten minutes by this 

spectrophotometric assay method. Considering the time it 

takes, simplicity of procedure and accuracy in m.easurement, 
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the spectrophotometric assay method is a well qualified 

candidate for use in purification of the enzyme which 

catalyzes the conversion of DMAT to clavicipitic acid. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

(1) Benzo [a] pyrene and phenobarbitone induce production of 

alkaloids in vivo in the absence of tryptophan. They 

have no effect on alkaloid production v;ith tryptophan 

added. 

(2) Ethionine. isonicotinic acid hydrazide and cyanide have 

no effect on the conversion of DMAT to clavicipitic 

acid in vitro. 

(3) The conversion of DMAT to clavicipitic acid does not 

decrease in the presence of carbon monoxide. This 

implies that cytochrome P-450 is not involved in the 

enzyme system. 

(4) The enzyme preparation for the conversion of DMAT to 

clavicipitic acid is obtained from the cell free pre

paration of Claviceps sp. SD-58 and Claviceps purpurea 

PRL 1980. 

(5) Most of the enzyme activity is in the microsomal fraction. 

The enzyme can be solubilized with Triton X-100. 

(6) Hydrogen peroxide is the product of reduction of oxygen 

in the conversion of DMAT to clavicipitic acid. The 

molar ratio of oxygen consumption to clavicipitic acid 

formation is near one in the presence of 3-amino-l,2,4-

triazole and is near 0.5 in the presence of catalase. 

The reaction for conversion of DMAT to clavicipitic acid 

56 
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in the presence of 3-amino-l .2,4-triazole (Eq. l) or 

catalase (Eq. 2) is : 

1. DMAT + 0^ > Clavicipitic acid + H^O^ 

2. DMAT + 1 0 ^ > Clavicipitic acid + H^O 

(7) Guaiacol and phenylenediamine are electron donors for 

horseradish peroxidase in the enzyme system for the 

conversion of DMAT to clavicipitic acid. The oxi

dation of guaiacol or phenylenediamine can be detected 

spectrophotometrically. Therefore, the coupling of 

the peroxidase reaction to the conversion of DMAT to 

clavicipitic acid can be used as an assay of activity 

in the purification of the enzyme. 
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