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Chlorsulfuron (CS) is a potent sulfonylurea herbicide inhibiting specifically acetohydroxyacid 
synthase which catalyzes the first step in the biosynthesis of branched-chain amino acids in plant 
cells, bacteria and yeast. The peptide portion of some ergot alkaloids contain inter alia branched-
chain amino acids. The influence of CS on growth and alkaloid formation in Claviceps was 
studied. In an ergotoxine strain growth is inhibited by chlorsulfuron in the range of 10—100 UM. 
Under CS influence ergosine is accumulated besides ergotoxines. Growth inhibition caused by CS 
could be reversed by addition of L-valine ( ~ 35 mM), but neither by leucine nor isoleucine. 
Ergosine did not occur under these conditions. Acetohydroxyacid synthase (AHAS) from 
Claviceps purpurea was partially purified. AHAS preparations are not inhibited even by high 
concentrations of chlorsulfuron. 

Ergot alkaloids comprise an important group of 
useful therapeutic agents. A common feature of the 
peptide ergot alkaloids (ergopeptines) is the unique 
cyclol portion. Obviously essential intermediates in 
ergopeptine biosynthesis are d-lysergyl tripeptides. 
In the case of the ergotoxine group branched-chain 
amino acids are constituents of the peptide portion 
e.g. L-valine is the amino acid adjacent to lysergic 
acid in all ergotoxines. Besides proline the ergotox-
ine alkaloids differ in the third amino acid e.g. valine 
(ergocornine) leucine (a-ergokryptine) and iso-
leucine (ß-ergokryptine) (Table I). 

The biosynthesis of ergot peptide alkaloids is at 
least partially controlled by the relative amino acid 
concentration in the internal pool of the cells. Addi-
tion of appropriate amino acids or their analogues to 
the culture broth significantly determines the propor-
tion of the alkaloid mixture in a given strain [1—5]. 

A number of sulfonylurea herbicides e.g. chlorsul-
furon are potent and specific inhibitors of aceto-
hydroxyacid synthase (AHAS) (EC 4.1.3.18) in bac-
teria [6], yeasts [7] and higher plants [8]. AHAS 
catalyzes the first step in the biosynthesis of 
branched-chain amino acids, valine, leucine and 
isoleucine. Chlorsulfuron causes a 50% inhibition at 
nM levels of AHAS from many different plant species 
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[9]. The growth inhibition due to sulfonylurea herbi-
cides may be reversed by the addition of a single 
branched-chain amino acid or combinations of them. 
The reversal pattern differs for plants and bacteria 
[10]. 

In the present communication we describe the ef-
fect of chlorsulfuron on ergot fungi, especially that 
strain, which produces ergotoxine alkaloids. It is 
feasible that a depletion of leucine and valine may 
influence the yield of ergocornine and ergokryptine. 
On the other hand, an addition of an alkaloid-
specific amino acid may reverse growth inhibition 
caused by the herbicide and alter the quality of the 
alkaloid mixture. Apparently, there is no report on 
the influence of this specific AHAS inhibitor on 
growth and metabolism of filamentous fungi. 

Materials and Methods 

Organisms and culture technique 

Strains of Claviceps purpurea (Fr.) Tul. were used 
for these investigations: Strain Pepty 695/S accumu-
lates a mixture of ergocornine and ergokryptine be-
sides clavines and ergonovine. Strain MUT 170 ac-
cumulates preferentially ergosine besides clavine al-
kaloids; Strain Pepty 695/ch-I produces a mixture of 
agroclavine and elymoclavine and is derived via the 
secoclavine producer Pepty 695/ch from Pepty 695/S 
by regeneration of protoplasts [11]. 

The stock cultures were maintained on asparagine/ 
sucrose agar and the submerged cultivations were 
performed as described [11, 12]. 
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Preparation of cell-free extracts and purification 
of AH AS 

20 g lyophilized 3—4 days old mycelium was rup-
tured by grinding with dry ice in a mortar and sus-
pended in 0.1 M potassium phosphate buffer pH 7.0 
containing 20% glycerol, 5 mM dithioerythritol, 
1 mM EDTA and 5 mM MgCl2 (buffer A). The sus-
pension was centrifuged at 15000 x g for 30 min. The 
enzyme solution was fractionated by slow addition of 
a saturated solution of (NH4)2S04 yielding a 
45—55% saturation. Following centrifugation the 
pellet was dissolved in 50 mM potassium phosphate 
buffer containing the above mentioned additions 
(buffer B) and immediately applied to a Sepharose 
6B column. After elution with buffer B the active 
fractions were pooled and chromatographed on a 
DEAE-Sepharose CI—6 B column using buffer B as 
eluent. A gradient was not necessary [13]. The active 
fractions were pooled and used for the enzyme assay. 

Assay for acetohydroxyacid synthase 

The reaction mixture contained in 1 ml final vol-
ume: 50 pmol sodium pyruvate, 5 pmol MgCl2, 
0.5 pmol thiamine pyrophosphate, 0.5 pmol FAD, 
10—40 pg protein and 0.5 ml 0.1 M citrate sodium 
phosphate buffer, pH 6.6. 

The mixture was incubated for 1 h at 40 °C. The 
reaction was stopped by addition of 50 pi of 6 N 
H 2 S0 4 and subsequently incubated at 60 °C for 
15 min. After cooling 0.5 ml of 5% a-naphthol dis-
solved in 2.5 N NaOH, and 0.5 ml of 0.5% creatine 
were added. Samples were incubated for 20 min at 
60 °C and after cooling and centrifugation the ab-
sorbance was measured at 530 nm. Enzyme activity 
is expressed as pmol acetoin mg protein - 1 h - 1 . 

Analytical procedures 

Total alkaloid determinations [12] were carried 
out using van Urk's reagent. The quantity of al-
kaloids were calculated according to standard curves 
using elymoclavine or the appropriate peptide al-
kaloids as references. 

The quantitative determinations of various com-
pounds of the alkaloid mixtures were performed 
after TLC (silica gel "Merck" PF254) separation 
[15]. Solvent systems I: chloroform : methanol (8:2); 
II: ethylacetate : N.N-dimethylformamide : ethanol 
(13:1.9:0.1 v/v). The latter solvent system is espe-
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daily suited for separation of ergotamine and er-
gosine. 

Protein was determined according to Bradford 
[16]. For dry weight determination washed mycelium 
was dried in an oven at 60 °C for 24 h. 

Mass spectrum of ergosine was recorded on an 
electron attachment mass spectrograph of the Re-
search Institute "Manfred von Ardenne", Dresden. 
Ergosine mlz: no M+-peak, 280 (cyclol fragment), 
267, 266, 224, 223, 221, 210 and 209 (leu-prolactam), 
196, 195, 181, 167. 

Chemicals 

Solutions of chlorsulfuron and Glean® were filter-
sterilized and added prior to inoculation to the fer-
mentation medium. 

Results 

For these experiments we used at first an ergocor-
nine- and ergokryptine-accumulating ergot strain, 
designated Pepty 695/S (Table I). 

Cultivation was performed in presence of either 
chlorsulfuron or Glean®. Growth and alkaloid for-
mation were measured after 12—14 d of cultivation 
(Table II). Essentially the same results were ob-
tained using either CS or its formulated product 
Glean®. The sulfonylurea herbicide did not inhibit at 
nM levels the development of the given ergot strain. 
Growth inhibition was observed in the range of 
20—100 pM CS. Interestingly ergotoxine accumula-
tion was strongly reduced in the presence of 
10—20 pM chlorsulfuron but total alkaloid yields and 
mycelial growth was not affected to the same degree. 
Mixtures of branched-chain amino acids (5 mg/ 
100 ml) did not alleviate CS-induced growth inhibi-
tion and ergotoxine depression. Surprisingly after 
addition of CS in the range of 20—40 pM to the cul-
ture medium another peptide ergot alkaloid was 

Table I. Potential intermediates in the course of biosyn-
thesis of some ergot peptide alkaloids. 

Alkaloid Intermediate 

Ergotamine d-Lysergyl- A l a - Phe - P r o 
Ergosine d-Lysergyl- A l a - Leu - P r o 
Ergocornine d-Lysergyl- V a l - Val--P ro 
a-Ergokryptine d-Lysergyl- V a l - Leu - P r o 
ß-Ergokryptine d-Lysergyl- V a l - lie — Pro 
Ergocristine d-Lysergyl- V a l - Phe - P r o 
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Table II. Effect of chlorsulfuron on growth and alkaloid formation of 
ergot strain Pepty 695/S. 

Additive Total alka 
loid yield 
[fig m r 1 ] 

Ergotoxine 

[pg ml"1] 

Dry weight 

[mg ml"1] 

Control 1500 1000 37.5 
Chlorsulfuron 5 (ÍM 1600 880 35.0 
Chlorsulfuron 10 (AM 1600 450 33.0 
Chlorsulfuron 20 [ÍM 1300 270 25.0 
Chlorsulfuron 50 (ÍM 500 37 15.0 
Chlorsulfuron 100 (ÍM 80 10 6.0 
Chlorsulfuron 20 (ÍM + 

5 mg of each Val, Leu, lie' * 1500 350 27.0 
Chlorsulfuron 100 (ÍM + 

5 mg of each Val, Leu, lie 100 8 8.0 

* Addition of L-amino acids: mg 100 ml - 1 culture broth. 

found. Many experiments were performed and es-
sentially the same results were obtained as shown in 
Table III. Ergosine is accumulated, which was iden-
tified by chromatographical methods and MS, in the 
presence of chlorsulfuron besides ergotoxins. In er-
gosine the amino acid adjacent to lysergic acid is 
alanine instead of valine in a-ergokryptine (Table I). 
Apparently a reduction of valine takes place which 
favours the incorporation of alanine. This particular 
amino acid is the most prominent component in the 
free amino acid pool in an ergotamine producer [17] 
and in our strain Pepty 695/S (data not shown). 

An addition of L-valine in rather high concentra-
tion as it is used for directed biosynthesis of ergot 
peptide alkaloids [18] could reverse the detrimental 
effect of chlorsulfuron (20—40 pM) to strain Pepty 
695/S (Table III). Under this condition no ergosine 
was accumulated. 

Leucine and isoleucine in the same dosage had no 
effect. These results prompted us to investigate the 
influence of other peptide alkaloid specific amino 
acids on mycelium cultivated in the presence of 
chlorsulfuron (Table IV). There was no influence on 
ergonovine accumulation. Addition of L-alanine and 
L-phenylalanine alone and in mixture did not change 
the amount and quality of the peptide alkaloid frac-
tion. It is feasible that the alkaloid spectrum could be 
altered by administration of high amounts of alanine 
and phenylalanine triggering the formation of er-
gotamine. In ergotamine is compared to ergosine 
leucine replaced by phenylalanine (Table I). We 
have carefully checked the cultures containing this 
particular amino acids but no trace of ergotamine 
was found. 

We tested also the influence of CS on metabolic 
activities of other ergot strains. The clavines ac-

Table III. Reversal of chlorsulfuron induced growth inhibition and alkaloid 
formation in submerged cultures of ergot strain Pepty 695/S. 

Additive Total alka- Ergotoxine Ergosine Dry weight 
loid yield 
[(ig ml"1] [(ig ml"1] [(ig ml"1] [mg ml"1] 

None 1300 780 _ 31.0 
Chlorsulfuron 20 (ÍM 1150 130 400 22.0 
CS 20 (IM + 300 mg Ile 1300 140 425 29.0 
CS 20 (ÍM + 400 mg Leu 1100 125 190 26.7 
CS 20 (ÍM + 200 mg Val 1000 680 - 25.5 
CS 20 (ÍM + 400 mg Val 1270 715 - 26.0 

Addition of L-amino acids: mg 100 ml 1 culture medium. 
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Table IV. Effect of various amino acids on growth and alkaloid formation of 
Claviceps strain Pepty 695/S cultivated in the presence of chlorsulfuron. 

Additive Total alka- Ergotoxine Ergosine Ergonovine Dry weight 
loid yield 
[pg ml"1] [pg m r 1 ] [pg ml"1] 1 [ ^ g m r 1 ] [mg ml '] 

Control 1100 800 traces 205 34.0 
CS, 20 pM 1100 200 180 215 27.0 
CS, 20 pM 

+ 400 mg Ala 1110 165 200 210 27.0 
CS, 20 pM 

+ 400 mg Phe 1200 160 190 250 28.0 
CS, 20 pM 

+ 400 mg Ala 1200 200 170 210 28.0 400 mg Phe 200 170 210 28.0 

CS, 20 pM 
+ 400 mg Val 1150 780 traces 200 33.0 

Addition of L-amino acids: mg 100 ml 1 culture medium. 

cumulating strain Pepty 695/ch-I is related to Pepty 
695/S and was obtained from regenerated protoplasts 
[19]. In control experiments an alkaloid yield of 
50 pg ml - 1 chanoclavine-I and 950 pg ml - 1 elymo-
clavine was obtained. After addition of varying 
amounts of chlorsulfuron in the range of 5, 10, 20 
and 100 pM an elymoclavine yield of 400, 200, 100 pg 
m - 1 and zero, respectively could be found. The in-
hibition of alkaloid formation caused by CS up to a 
concentration of 20 pM could be reversed only by 
addition of 400 mg 100 ml - 1 L-valine. No change of 
the alkaloid pattern was observed. 

Similar experiments were performed with strain 
M U T 170 which accumulates ergosine (Table I). 
Surprisingly this strain is not as sensitive as the Pepty 
695 series of ergot strains. Growth and alkaloid for-
mation is not affected up to a concentration of 40 pM 
chlorsulfuron. Administration of CS (100 pM) caused 
an 75% inhibition of ergosine accumulation which 

could be completely reversed by 400 mg 100 ml - 1 

valine. 
Acetohydroxyacid synthases from a variety of bac-

teria and plants are extremely sensitive to inhibition 
by sulfonylurea herbicides [6—8]. Therefore we have 
isolated and partially purified A H A S from various 
Claviceps purpurea strains, which appeared in the 
soluble fraction. We examined a number of chro-
matographic procedures and adopted finally the 
above described method. Enzyme activity of all frac-
tions were tested in a pH range of 6.0 to 8.5. A H A S 
eluted always from different columns as single peak 
showing an pH optimum at 6.6. These findings seem 
to indicate that no isoenzymes of A H A S exist in 
Claviceps purpurea. End product inhibition of 
acetohydroxyacid synthase in Claviceps purpurea by 
branched-chain amino acids could not be observed 
(Table V). Similar results have been reported for 
AHAS from Neurospora [20]. AHAS II activity of 

Table V. End product inhibition of acetohydroxyacid synthase by 
branched-chain amino acids. 

Amino acid L-Valine L-Leucine L-Isoleucine 
[ m M ] AHAS activity* AHAS activity AHAS activity 

None 1.59 1.59 1.59 
0 . 0 1 1.63 1.61 1.55 
0.1 1.60 1.55 1.60 
1.0 1.58 1.62 1.64 
5.0 1.50 1.51 1.53 

* AHAS activity = pmol acetoin mg protein 1 h 
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E. coli was also not inhibited by addition of 10 mM 
valine [21]. 

Furthermore AHAS activities in Claviceps pur-
purea strain Pepty 695/S were tested in the presence 
of various chlorsulfuron concentrations ranging of 
10 pM to 1 mM. In these experiments the incubation 
time was prolonged to 4 h. In no case an inhibition of 
the enzyme reaction was observed indicating that 
AHAS from Claviceps is apparently insensitive to-
wards chlorsulfuron. 

Discussion 

We could demonstrate an inhibitory effect of 
chlorsulfuron in the range of 10—100 pM on growth 
and alkaloid formation in ergot strains. This is a CS 
concentration about 1000-fold higher than that re-
quired to prevent growth of excised pea roots [9] or 
Arabidopsis thaliana [22]. Under CS influence in er-
got strain Pepty 695/S another peptide alkaloid viz. 
ergosine besides ergotoxines is accumulated. In an 
clavine alkaloids and an ergosine synthesizing strain 
the composition of the alkaloid fraction was not 
changed due to chlorsulfuron. Interestingly the sul-
fonylurea-induced growth inhibition and alteration 
of the peptide alkaloid spectrum in the ergotoxine 

[1] H. Kobel and J. J. Sanglier, in: Antibiotics and other 
secondary metabolites (R. Hütter, T. Leisinger, J. 
Nüesch, and W. Wehrli, eds.), p. 233, Academic 
Press, London and New York 1978. 

[2] E. Beacco, M. L. Bianchi, A. Minghetti, and C. Spal-
la, Experientia 34, 1291 (1978). 

[3] N. Crespi-Perellino, A. Guicciardi, A. Minghetti, and 
C. Spalla, Experientia 37, 217 (1981). 

[4] U. Keller, R. Zocher, and H. Kleinkauf, J. Gen. 
Microbiol. 118, 485 (1980). 

[5] A. Baumert, D. Erge, and D. Gröger, Planta Med. 44, 
122 (1982). 

[6] R. A. La Rossa and J. V. Schloss, J. Biol. Chem. 259, 
8753 (1984). 

[7] S. C. Falco and K. S. Dumas, Genetics 109, 21 (1985). 
[8] R. S. Chaleff and J. C. Mauvais, Science 224, 1443 

(1984). 
[9] T. B. Ray, Plant Physiol. 75, 827 (1984). 

[ÎO] D. Scheel and J. E. Casida, in: Primary and secondary 
metabolism of plant cell cultures (K. Neumann, W. 
Barz, and E. Reinhard, eds.), p. 344, Springer Verlag, 
Berlin, Heidelberg 1985. 

[11] B. Schumann, W. Maier, and D. Gröger, Z. Natur-
forsch. 42 c, 381 (1987). 

producing strain could be reversed only by addition 
of a rather high dosage of L-valine ( ~ 35 mM) but 
neither leucine nor isoleucine. It may be assumed 
that a depletion of valine in the mycelium caused by 
CS triggers ergosine formation. The main target site 
of CS in various organisms is a strong inhibition of 
acetohydroxyacid synthase, the first common en-
zyme of pathways leading to branched-chain amino 
acids. This possibility can be excluded for ergot fun-
gi. AHAS activity in Claviceps purpurea is nonsensi-
tive to chlorsulfuron even in the presence of ex-
tremely high concentrations (0.5 — 1 mM). It is fea-
sible that CS interferes with a later step in the path-
way leading to L-valine, but other modes of action 
are also possible. A number of actions of unknown 
origin induced by pM levels of CS have been de-
scribed e.g. inhibition of RNA synthesis, protein and 
lipid formation [10, 23] as well as increase in phenyl-
alanine ammonia-lyase and anthocyanin content 
[24]. 

Ackno wledgements 

Our thanks are due to E . I . DU PONT DE 
NEMOURS & Co. Wilmington, Delaware, USA, 
for providing us with samples of chlorsulfuron and 
Glean® (containing 75% chlorsulfuron). 

[12] D. Erge, B. Schumann, and D. Gröger, Z. allg. 
Mikrobiol. 24, 667 (1984). 

[13] W. Maier, R. Luthra, and D. Gröger, J. Basic. 
Microbiol., in the press. 

[14] W. W. Westerfeld, J. Biol. Chem. 161, 495 (1945). 
[15] W. Maier, D. Erge, and D. Gröger, Planta Med. 40, 

104 (1980). 
[16] M. M. Bradford, Anal. Biochem. 72, 248 (1976). 
[17] U. Keller, R. Zocher, and H. Kleinkauf, J. Gen. 

Microbiol. 118, 485 (1980). 
[18] H. Kobel and J. J. Sanglier, in: Biotechnology (H.-J. 

Rehm and G. Reed, eds.), Vol. 4, p. 569, VCH Ver-
lagsgesellschaft, Weinheim 1986. 

[19] B. Schumann, D. Erge, W. Maier, and D. Gröger, 
Planta Med. 45, 11 (1982). 

[20] H. Kuwana, D. F. Cardine, R. W. Harding, and R. P. 
Wagner, Arch. Biochem. Biophys. 128, 184 (1968). 

[21] H. Grimminger and H. E. Umbarger, J. Bacteriol. 
137, 846 (1979). 

[22] G. W. Haughn and Ch. Sommerville, Mol. Gen. 
Genet. 204, 430 (1986). 

[23] D. Scheel and J. E. Cassida, Pesticide Biochem. 
Physiol. 23, 398 (1985). 

[24] J. C. Suttle and D. R. Schreiner, Can. J. Bot. 60, 741 
(1982). 


