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Influence of tryptophan and related compounds on ergot 
alkaloid formation in Claviceps purpurea ( FR.) TUL. 

(Elingeyaagen am 28. 3.1984) 

L-Tryptophan did not exert any influence on peptido alkaloid formation in an crgotamjne and in 
a n  ergosine-accumulating G. purpurea strain. A different picture was observed in il series of related 
C. purpurea strains. Tryptophan showed a slight stimulatory effect on the ergotoxine producer 
Pepty 695/S. A blocked mutant of it, designated as Pepty 695/ch which was able t,o accumulate 
seeoclavines gave similar results. In  a high-yielding elymoclavine strain Pepty 695/e, the progeny 
of the former one, tryptophan up to  a concentration of 25 mM stimulated remarkably clavine bio- 
synthesis. Furthermore, tryptophan could overcome the block of synthesis by inorganic phosphate. 
Increased specific act,ivities of chanoclavine cyclase but not DMAT synthetase were observed in 
cultures of strain Pepty 695/e snpplemented wit.h tryptophan. 5-Methyltryptophan a.nd bioisosteres 
of tryptophan were ineffective in alkaloid stimulation. These results are compared wit’h those ob- 
t,ained wit,h the grass ergot strain SD 58 and discussed with the relat’ion to other induction pheno- 
mena. 

Ergot alkaloids are mainly found in various species of the parasitic fungus Cluviceps 
(Asconiycetcs). These secondary nietabolites are also synthesized under saprophytic 
conditions ( G R ~ G E R  1972, ARCAMOBE 1977). 

Tryptophan and an isoprenoid unit servc as essential building blocks for the ergo- 
line nucleus (FLOSS 1976). Addition of D,L-tryptophan at  the beginning of the fcr- 
rrtentation triggered a drariiatic stitnulation of lysergic acid derivatives production in 
Clnuiceps puspuli (ARCAMONE et ul. 1961). Unfortunately, it has not yet bcen clarified 
if this phenomenon is merely a precursor effect or not. In  the case of clavine alkaloids- 
forming grass-ergot strains it was well established during the last 20 years that tryp- 
tophan has a dual role in ergoline biosynthesis: i t  serves as precursor but also acts as 
inducer of alkaloid formation. The inducer function of tryptophan were first corrobo- 
rated by FLOSS and MOTHES (1964) and later also proposed by othcrs (BU’J.OCK and 
B A ~ ~ R  1Ufi8, VININC 1970). Most convincing results were obtained by H. G. Fi,oss’ 
group (For review: K O ~ E R S  and FLOSS 1976, FLOSS e t  al. 1979). 

Tryptophan and its analogues 5-nrethyltryptophan and thiotryptophan j%(l-ben- 
zot hien-3-y1)-alanine at  concentrations of 4 1nM induce alkaloid synthesis in strain 
S1) 58 - (%~?cvicgs fusiformis. The lattcr compound which is not effective as fecdbac-k 
regulator of tryptophan biosynthesis proved to be in many cases superior to trypto- 
phan as inducer ( KRUPINSKI et ul. 1976). High concentrations of inorganic phosphate 
(ten times the normal level) inhibited alkaloid synthesis in Clauicep strain SJ) 58 
practically coinpletely (KOBBERS et ul. 1972). Tryptophan and thiotryptophan but riot 
5-iriethyltryptophan can overcome the block of alkaloid formation by inorganic 
phosphate (KRUPINSKI et al. 1976). Soiiie evidence was obtained that in “high-phos- 
phate” media alkaloid degradative enzymes may be operative (ROBBERS ct ul. 1978). 

Apparently the induction of alkaloid biosynthesis by tryptophan and its analogues 
is ruainly due to enhanced levels of YMAT-synthctasc in supplemented cultures coni- 
pared with noninduced controls. lnduction involves de novo synthesis of the first ergo- 
line-pathway specific enzynie (KRUPINSKI et al. 1976, Floss et al. 1979). Recently the 
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induction of  crgoliiie IJIOSJ nt liesis 1~1- so-called tr?-ptopliari hioisost eves, naphthylala- 
nines, were described (I<t)UBEKS et u l .  1982). 

T n  t h i h  paper we prcsent olmrvatioris or1 tlic irifliicrice of t ryp tophr i  and related 
cor i i~)o i i i~~ls  oil alkaloitl forriiation in various strains of C"'wi s p i i r p u r w .  The i 1 i i i -  

tants  used arc the progen>- of an  erpotosirie-accriiiiulating C'l w p s  piwpureu strain. 
Also sotiie o t h e r  pept ide-t\.pe alkaloids producing  strains were investigated. 

Orgniiisms: 'Ylic \ \ o i , k  \\:IS curriccl out ivitli submcrgtd crikivntrd niyc:t:lia of viirioiiR st,riiins of 
Clnciceps purpurerr ( U J ~ . )  TK-1,. Tlic fungi arc' dcposited in the cultiire collection of the Institute of 
Plant Biochemistry. Academy of Sciences of the GDR. Halle (S.) : Strain Pepty Ci95/S, producing 
up to 1 nig/ml alkaloids. mainly rrgotoxines (50-600;)). Strain Pepty G95/ch: A blocked mutant 
from the wgotoxine strain. Pepty ti95/ch, arcumiilating the secorrgolines chanoclnvine-l and chano- 
clHvine-1-aldehyde in the proportion (3  : 1 j .  on the average 300-350 kg/ml. Strain Pepty 695,'~: 
A mutant' derived from Pepty ti95/rh acrrunnlating clavine alkaloids, mainly elymoclavine (90%). 
Total alkaloid in general 1500-1800 pg/ml. Strain JAP 471 produces R mixtiire of crgotamine 
(iO:',) i i n c l  clavines (3000) up to the range of 800 pg/ml. Strain MUT 170 acc,rimulates preferen- 
tially ergosine besides cltrvine alkaloids up to ti range of 700 pg/ml. 

Medi;L and cultivation: Tlir stock cwltures \\ere maint:tinrd on  nsparagine/siicrose agar slants or 
petri dishes. 

Fermentation media: S 1, 7 2 0  (g/l) : Siicrosc 200;  nnimonium cit'rate 15; KH,PO, 0 , 2 5 ;  MgSO, . 
7H,O 0.3; PeSO,. 7H,O 0.01; ZnSO,. 7H,O 0.04: pH adjust'ed to 5.2-5.4 wit'h NH,OH. 

X L  833 (g,'l): Siicrosc 300; ;imnionium citratc>20; Ca (NO,) 1.0;  KH,PO,0.25; MgSO,. 7H,O 0.3; 
FeSO, . 7H,O 0.01; ZlnSO,. 7H,O 0.03; pH adjusted to  5.2-5.4. 
SL ti14 (g/l) : JIanitoI 50;  siicrosc' 5 0 ;  sitcc.iniv acid 5.4; yeast extract (L)~Fco) 3.0; KH,PO, 0.1 ; 

X@O,. iH,O 0.3; FcSO, * 7H,O 0.01 ; ZnSO, . 7H,O 0.004; pH adjusted with ;immoniiim hydro- 
xid solution to 5.2-5.4. 

The strains were grown in  srtbnierged cult'rires ut 24 "(' tit 240 rprn on 21 VEB FANAL rotary sha- 
ker. For preparing the inoculiim myc.elium of 4 weeks old agar slants were used. The 7 day old 
precult.ure mycelium was transferred either into 5 0 0  ml flat bott.om flasks containing 100 ml broth 
or 100 ml ERLESMEYEH flasks containing 25 ml medium. The inoculation rate amounted to  1 : 10. 
Alkaloid produc.tion was achieved wit.11 strains Pepty 695/S. Pept.y 695/ch. Pept.y 695je in medium 
S L  720 and using strains tJA4P 471 and JIUT 170 with mediiim N L  833. Emh cspcriment was per- 
formed in diiplicatc. 

Analyt.icnl methods: For tfry-\\right drtermiiiiition thc mycelium was removed from the cul- 
ture filtrate by vac'iiiini filtration intensivrly iwshed wit,h water tind finally dried in an oven a t  
80 "(: for 24h. 

For total alkaloid rfctc,rmination 1 ml culture filtrate was made alkaline by adding 0.2 ml of 10% 
ammonia solution ;id \nis extracted with an appropriate amount of CHCI,. This was repeated 
twice and thc c~)mbined tbxtriicts were evtiporatecl to dryness. The rrsidue w u s  t>nken up with 2% 
tartaric acid solution and subsequently VAX URK'S reagent w a s  added in tlic rat'io 1 : 2. The optical 
density was determined tit' 580 nm. The quantity of alkaloids mere, cxlculated according to a stan- 
dard curve using elymoclavinr for clavirie-prodnciri~ strains or  t,he appropriate peptide alkaloids 
for ergopeptine producws. 

The yuantitative determinations of the various compounds of the alkaloid mixture of strain 
Pepty 695/e were done after TIX separation according to MMER et aZ. (1980). The alkaloids were 
chromatographed on silica PF,, "JIER(~K" plates using as solvent, system chloroform : methmol 
(8:2) .  

Protein was determined according to BRADFORD (197tj). 
Chanoclavine-l-cyclas~ (ERGE et c t l .  1973) was assayed in t'he following mannor: Mycelia grown 

for 4 days in NL 720, if not othcrwisc, stated, weir recovered from the fermt:ntnt,ion broth by fil- 
tration, washed with nat'er and immediately lyophilized. Lyophilized myoolium w m  ruptured 
by grinding with dry ice in a mortar and suspended in 0.1 &I Tris-HCI buffer (pH 7.8) containing 
10); glycerol. 2 mli EUTA and 2 mli merciiptoetlia~nol. The suspmsion w i ~ s  ccnt,rifiiged iLti 20000xg 
for 30 min. Thc siipcrnatant was used iis c*riidc cnzynic cstract. The reaction mixturc in a total vo- 
lunic of 2 ml contained: 0.250 mg clianoclavixie-I; 1.25 gmol XXDPH; 10 pmol ATP; 20 pmol 
Jig'+; 200 u l  1 31 Tris-HCI buffer (pH 7.8) and 0.5 ml enzyme solution. The mixt.nre wa.s incubated 
for 3 I i  a t  32 'C .  The cxt.rnc:tion and  purification of the rractiori product (agrochvine) and t,he sub- 
stratc (ehanoclavinr-I) was essentialy done as described ( & G E  et nl. 1973). l)etrrmin?it,ion of di- 



Ergot alkaloid formation in C. purpurez 669 

m~thylsllyltryptophan (DMAT) synthetase was performed according to  MAT ICR and (:ROGER 
(1976). Lyophilized rnycrlia were used to  prepare the crude cnzyme extract. Mevalonic acid-2-l’C 
served as  substrate. 

R e s u h  

Recently we obtained two niut,ants of Cluviceps purpurea which showed a metabolic 
block in different positions of the alkaloid pathway (MAIER et al. 1980, SCHUMANN 
cd al. 1982). The parent strain Pepty 695/S accnniulates as main products ergotoxine 
alkaloids. The strain Pepty (i95/ch derived froni it was not able to form tetracyclic 
cslavines. Both strains do not differ in niorphology and pignientation. The second 
nintant Pepty W5/e which was obtained among others from Pepty 695/ch accriniiila- 
trs as endprodiicts clavines predoniinantely elynioclavine (Fig. 1). Surprisingly the 

- G- 
Dirnethylallyl- Chanoclavine - I 
tryptophan & H3 Chanoclavine Cyclase - Ib - 

HN 
Chanoclavine -I- 

aldehyde 
Agroclavine Elyrnoc Iavi ne 

Lysergic acid derivatives 
(e.g. Ergocornine, Ergokryptine) 

Fig. 1. 
Biosyntliet ic pathway of ergoline formation. Bars indicate position of block in strain Pepty 6 9 5 / ~  

total alkaloid yield was about 5 times higher in Yepty (i95/e conipared to its progeni- 
tor. l t  seemed now worthwhile to investigate the influence of tryptophan on alkaloid 
forniation in C. p ~ p u r e a  strains in order to check if there are any induction processes 
like those obscrved with strains derived from Pennisetum ergot. We used mainly 
strain Pcptv fi!15/e which closely reserrihles the Pennisctum strains (e.g. 81) 58) regar- 
ding the alkaloid pattern. This strain was cultivated in a chernically defined n~cdiuiii 
XL 720 in the presence of increasing aniorints of L-tryptophan (Table 1). Up to a con- 
centration of 25 nlM L-Try we observcd a stirnulation of alkaloid synthesis. The maxi- 
mum total alkaloid yield was reached after 14 days of cultivation. It is interesting to 
notc that the amount of elynioclavine increased steadily of the incubation time was 
prolonged after day 14 up to 21 days. This means the agroclavine hydroxylase is also 
still operative in older mycelium. In  the next set of experiments we conipared the 
alkaloid production of strain Pepty 095/e in two different media: medium NL 720, 
which is generally used for ergopeptine forniation and inediuni NT, 614, containing 
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Tahle 1 
Stirnulatory effert produced by varying amounts fo L-tryptopliaii n i l  alkaJoic1 production in s h a h  
cultures of strain J’epty ci95/e. 1 0 0  nil SL 720 per flask 

Addition of 

L - T ~ Y  

- -  

control 
2.5 m\r 
.5.0 m\r 

11.3 mlr 
23  m x  

Xlk,iloid yield fug/rnl after C‘ompirsition of alkaloid fraction ‘3;) after 

14d llid 21 d 14tl l(i d 21 d 
. -~ ~ _. 

~ ._ ~ 

(’11 X F: Cli A E Ch A E 

1490 1410 1 1 1 0  14 9 77 14 ~ 86 16 - 85 
1720 lli50 1660 13 13 74 12 6 82 13 - 87 
18O:i 1780 1780 I I 21 68 12 12 70 11 - 89 
1960 1950 1990 11 27 (i2 11 18 71 10 ~ 90 
“3311 2280 2390 10 3; 54 10 27 (iR 9 1 1  80 

~ ~ ~ ~ . .  

- . _  ~ -..- ~ ~~~~ 

Abbrevi<itiorih: (01 = elianocl.trinc-I; ;1 = agrocl.1rinc; E = elymorlaviiir 

niar~iiitoI/siicrose/suc.c.inate and yeast extract. The latter one is widely eniployed for 
clavinr alkaloitl protliiction with grass ergot strains (ROBBERS c d t  rcl. 1972, 1978). A 
itiiniilator? effect of l.-t rypto1)liari \ \ a 9  ohserretl in hot h niedia. Furthermore, t,he 
tryptophan analopie ~ ) ~ , , - , 5 - t i i t ! t I i ~  Itryptophan caiised an inhibition of dkaloid for- 
iiiation, roiigli l~ 1/X o f  the alkaloid yield mas obtained conipared with the unsupple- 
mented control flasks. This is in contrast to  previously reported results with the Penni- 
setuiia ergot strain SI) 58, indicating an  indriction of alkaloid synthesis by 5-methyl- 
tryptophan ( I ~ O G H E : I < S  and FLOSS 1!)70, I~RUPINSKI rt  al. 1076). The effect on alkaloid 
protliictiori of a onc-tiiiie ad(1ition of 25 n i ~  tryptophan at different times during the 
coiirse of terinentation is sho\rn in Fig. 2. Four days after suppleinentation the cultu- 
res were harvested. I t  is seen tliat thr  stinirilatory effect of IJ-tryptophan is riiost pro- 
noiinced in p i i n g  nryceliiiiii i i p  to thc age of R (lays. 

High levels of inoryunic phosphatc (1.1 g/l) suppress alkaloid formation in C .  fusi- 
fo rmis  strain ST) 58 practicallj coiiipletcly. Addition of tryptophan could partially 
overmiire tlw plioxphate inhihition of alkaloid 1)iosynthesis (ROBBERS et al. 1972, 

1 2 3 5 7 

no addition 

supplemented 
with 25 rnM 
L - tryp tophon 

Age of culture (days) when 
L -Try was added 

Fig. 2 .  
Inflriencr of L-tryptophan on alkaloid formation in strain Pepty 695/e added at various stages of 
fernrentation. (“lilturw I\ err harrrstrrl four clays after siipplrmcntation 
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SL 720 
SL 720 
ST, 720 
S L  720 
SL 720 
EL 720 
KL 720 
NL 720 

SL 720 

Table 5 

XI  1 '1 
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comparable with that observed in NL 720 mediuni containing the “normal” level 
of phosphate (Table 3). 

The progenitor of strain Pepty G95/e is strain Pepty 095/ch accumulating nhoiit 
350 -450 pg/ml secoclavines. Tryptophan applied in a wide range of concentrations 
stiiriulated also here alkaloid formation but was niuch less effective than in strain 
J’epty 695/e. High levels of phosphate could also block in strain l’epty 695/ch xlka- 
loid biosynthesis. In  contrast to  other strains tryptophan was not able to overcome 
inhibition of alkaloid formation (Table 4). 

ROBBERS et al. (1982) found that naphthylalanines are effective inducers of alkaloid 
hiosynthesis in strain SD 58. These compounds may be regarded as bioisosteres of 
tryptophan. n,~-B-2-naphthylalanine produced the greatest effect. With regard to 
the enantiomeres of p-1-naphthylalanine a 2 i ~ i ~  concentration of L - B - ~  -napht hylala- 
nine stiniiilated alkaloid production to the same degree than does a 4 n i M  concentra- 
tion of the D,L-niixture. 

In various sets of experirnents we compared the effect of naphthylalanines on ely- 
moclavme formation in strain Pepty (i95/e (Tab. 5 and (i). Unsnppleniented ciiltures 
gave in these experinients total alkaloid yields above the average values. Neverthe- 
less, the stiniulatory effect of tryptophan and the inhibition of alkaloid biosynthesis 
caused by 5methyltryptophan could be clearly demonstrated. Bnt there was no indi- 
cation that, naphthplaianines even in  rather high concentrations did infliicnce growth 
of ~iiyc‘eliuni or alkaloid protlriction. 

T;Lblc 6 
Inf luenc~ of various bioisosteres of tryptophan on alkaloid formation in submrrged cultnre of CZa- 
viceps strain Pepty fi95/e; 100 ml KL 720; Harvested after 14d 

Croup Alkaloid yield Dry weight 

No addition 1900 11 
1 0  mxi L-Try 2600 12 
1 0  miv n,L-P-1-Naphthylalanine*) 2000 12 
10 mM u,~-/j-2-Xaphthylalanine*) 1950 12 
10 m nx 1,-P-1-Naphthylalanine*) 2100 10 
1 0  m M ~-[j-2-Naphthylalanine*) 2000 12 

I*g/ml mg/ml ~- ~~ -. - - 

”) not entirely solved a t  the beginning of the fermentation 

Tiiblr 7 
Influencc of varying amounts of L-tryptophan on alkaloid production in shake cultarcs of diffrrcnt 
pcptide alkaloid-producing strains. Cultivation time 14d 

Addition of L-Try Strain: JAP 471 
Alkaloid yield 

~~ 

i*g/ml 

control 840 
5 mnx 800 
12.5 mBI 800 
25.0 mhr 750 
50.0 mw 720 

~~ 

Strain: MUT 170 
Alkaloid yirld 
f d m l  
650 
700 
750 
760 
720 

Str:tin: Pepty SU5jS 
Alkaloid yirld 

1000 
1200 
1390 
1230 
1400 

I*g/ml 
~. ~~ . 

~. 

Table 7 shows that tryptophan employed in increasing concentrations from 5 to 
50 n i ~  did not stiniulate alkaloid formation in the ergotaniine-strain J A P  471 and the 
ergosinc-strain M U T  170. Somewhat different results were obtained with the ergoto- 
xine prodiicer Pepty 695/S which is the progenitor of hoth claviric alknloids-acciiniu- 
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lating strains Pepty li!G/ch and T’cptF- 0!)5/e. An increase of alkaloid prodtiction in 
trSptophan-supI’lenrcnted cultures was cletectahle aborit in the mine order of mag- 
nitude as observed with the secoclavines-produc.ing strain I’epty 695/ch. High levels 
of inorganic phosphate diminished reiiiarkably alkaloid forination in Pepty strain 
fi95jS which could only he partially overcome by a high dose of  tryptophan (Table 8). 

The first pathway-specific enzynie in ergoline biosynthesis is the dintethylallyl- 
tryptophan (1)MA‘r) synthetase. Evidence has been presented that  in Clnriiceps strain 
ST) 58 the  indurtion effect caused by tryptophan and sonie analogues of i t  is related 
to higher levels of DMAT synthetase i n  those criltiires conipared with the non-induced 
controls. Apparently indiiction involves clc  ow synthesis of this I<PJ, t.nzynre (KRU- 
P m S K t  c.t al. 1<)7fi, F L O S ~  ,/ r i l .  1!)7!)). 

Tnblr X 
Effect of lrigh levels of inorganic phospllatc ,itid r,-tryptophnn on nlkaloirl produrtion in C. purpu- 
rrrc strain Pepty G95/S 

If’e observed in strain I’epty (j%/e no differences in DMAT synthetase activity in 
tryptophan supplenwntctl c r i l t  tires and in  non-supplemented controls (Table 9). Also 
a high phosphate level In thcl nietliimi (lid not exert a negative influcncc on D M n T  
SJ nthetase activity (data not shown). Another key e m j  iiw in c~golinr formation is 
the chanoclavine-I-( lase catalyzing the convrrsion of secoclavines to agroc+lavtne. 
This particular enzynie is lacking in strain Pepty 695/ch biit present in the mutant 
strain l’epty fj%/e which is derlved froiii the fornier one and is able to  a~~iini i i la te  
tetracyclic vlavlnes. A.; shoun in Fig. 3 the  enhancenient of alkaloid foritlation by 
tryptophan In both nornial a n d  high-phosphate ( 2  g/l) cultures of  strain Pepty (i95/e 
is inter alia apparently related to  increased levels of chanoclavine-l-c3.clase activity. 
The saine yhenonienon has b e ~ n  earlier observed in strain SJ> 68 ( B ~ G E  rt  al. 1973). 
The satire lcbvels of chanoclavine cyclase activity were detectable in with trypt,ophan- 
siipplementetl a n d  non-sn~~~~let i ientcd ciiltrirrs of peptide alkaloid strain Pepty CiUs/S 
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Fig. 4. 

celia of strain Pepty 695jS i n  NL 720. Dependence of the agrocla- 
vine formation on the protein concentration. 

Chanoclavine-I-cyclase activity a t  the 4 th day of cultivation. My- 

- jo 
i 

,/" 
I I I I I I I No addition; o 25 mM L-Tryptophan 

,oy' 

I 2 3 4 5  6 7 
mg Protein mg Protein 

mg Protein 

Fig. 3. 
Chanoclavine-I cyclase activity a t  the 4 th day of cultivation of mycelia of strain Pepty 695/e grown 
in medium NL 720 and in high-phosphate medium. Dependence of the agroclavine formation on 
protein concentration. The assay mixture contained 0.250 mg rhanoclavine-I 

No addition; o 25 mrvi L-Tryptophan 

which shows a far less pronounced stiniulntory effect on alkaloid formation by trypto- 
phan (Fig. 4). 
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Discussion 

There are 0111~- few esaniples regarding the regulatory role of prinrary iiietabolit'es as 
inducers of secontlar>. irreta1)olite foriiiation. I r i  B t r e p f o n ~ ! / c e s  frccdirzc fosfoniychin bio- 
synthesis is stiiiiiihtetl hj. niethionine (1<f)GERS and RIRNIhli'I\I 1974). More data are 
available on the iricthioiiine stiiiinlation of cephalosporin biosynthesis in Cephalo- 
xl~ori7i.n~ m r e n 7 0 ~ ~ i ~ / i u z  ( I ) R I s ~ -  and DEMAIX 1974 and 1!)77). The tiiethionine effect, is 
not a fiinction of its ahilitj- to donate sulfur for antihiotic forniation nor did niet'llio- 
nine repress or inhit~it the nietaholisin of c?-steine, a known precursor to the nntibio- 
tic. Met hioninc gave grmtest st ininlation when atldetl dwing tlic trophophase. Fur- 
t hwniore, nicthioninr siippleiiientat ion c.aiisetl (Irasticd changos in t hcx niorphology 
of the prodricer organisiii. Lnterest iiipl?. also a i i iet  hioniric analog, norleucine, induced 
hoth a stiniiilation of ccphalosporin c' forntation arid fragirrentation of niycelia into 
arthrosporcs. Recently it was shown that both nIA-iiiethionine antl u,r,-norleiicine in 
a c~mcentrat ion of  3. t gjl in the ttiediiiiii increased in cells o f  Crl)?zctlosl)or?tm acremo- 
n i / m  the level of antihiotic synthetases (S. i \vau~ et r i l .  1980). There are qriitc striking 
siuiilarities in the iridrictive effect of irietliioninc on Cephalosporin C forniatiori and 
the induction of allialoid hiosyntliesis in C'ln/:dccj)s species, strain ST1 58 caused by 
tryptophan. 

As i t  was tleiiioristratetl in this stiitly tryptophan acts on alkaloid forniat,ion in 
' p s  strains i i i  i i  clifferelit iiiannctr. So infliirnce on allixloid product.ion 
ergotnniine ant1 an ergosine aec1iiii1i1atitig strain. It is of special inte- 

rest to coiiipare the tryptophan effcct on alkaloid forniation in the series of related 
(?. p r p u w i i  strains designated l'ept>-. X slight st imrtlat ion of ergotoxine product'ion 
(Table 7 )  by high doses of tryptophan was ohserved with strain Pepty (\R5/S. A blok- 
I u d  niiitant, Pepty (i!)ij/ch, which i s  the progeny of 6'. p r p w w  strain I'epty W5/S ga- 
ve siiiiilar resitlts. High phosphate levels in the iiiediiiiii impaircd considerably d- 

. In this case tryptophan conltl not overconie the block of  alka- 
loid fortiiat ion. I n  contrast tryptophan in increasing concentrations rip to 25 IIIM sti- 
iiiiilates reinarlrahlJ- alkaloici forination in  thc high-yielding elyiiioclavine strain 
J'cpty (i95/e (Tables 1 antl 2). High levcls of  inorganic yhosphate inhihit alkaloid for- 
iiiat.ion t>iiich less as in strain I'ei)ty (i05/c*h aiirl this inhihitory effect could be easily 
overconie hy L-tryptophan (Ta1)le 3 ) .  It is still an open qiiestion why such high con- 
centrations of  r.-tryptophan for optinid stininlation are necessary. A similar situation 
is foiind in the directed hiosynthesis if ergopeptines ( B ~ a c c o  ef al. 1978) where amino 
acids or their analogues are adtiiinistrretl i n  the range of 4--5 g/l. Obviously the rela- 
tive concentrations o f  aiiiino acids in the internal pool partially control the biosyn- 
thesis of thc peI)ticle titoiety. The tryptophan analoprie i j- i~iethj , l trypto~han diininis- 
hcs alkaloid prochiction and the tryptophan hioisosteres p-1- antl P-2-naphthylalanine 
had no effcct o n  the allcaloitl yield. There was no enhanccnient. of DMA'I' synthet.ase 
activity in t ryl)tophan supplemented criIturc!s i n  ( I h : i c e p s  strain Pepty (j95/e c o n -  
pared with the i i n s r ipp l~ i i i~n t f~d  ones. But higher activities of chanoclavinc synt'hetase, 
a. key enxyiiie in  the forniatiori of tetracydic ergolines, were foiind both in normal and 
high phosphate citltiires in the presencc o f  tryptophan. C. fzisiforniis strain SD 58 antl 
C. p / i r p u r v a  strain I'epty W 5 ] t x  acciiniiilatc. t hr sai i ic~ alldoiclal endproduct, elyniocla- 
vine, biit show rtwiarkable ciiffer~~nccs regarding the stiinulatory effect of tryptophan 
and its analogiies. I n  the, grass ergot strain it is well docuniented that these part,icirlar 
cotiipoiinds ilia>- act as t rue induccrs of alkaloid foriiiation involving t.he de nO?iO syn- 
thesis of DMAT synthetase. Such a clear-ciit evidence is lacking in d r a i n  f'cpt'y (i95/e. 
The results of this study tends t o  argite that the siirrriilatory effect of tryptophan is a 
rather c~~ i i ip l c s  Iwwcss  and it  S ( Y ~ I I I S  that i.-'I'ry acts hew triainly as pr'cciirsor. On t.he 



Ergot alkaloid formation in C .  purpurea 67 7 

other hand it should not be overlooked that tryptophan stiiiiiilates clearly cliaiiocltt- 
vinc synthetase activity and is also able to reverse the inhibition of alkaloid synthesis 
caused hy high levels of inorganic phosphate. 
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