
BRIEF REPORT 

Fol ia  Mmrobiol.  33, 425 - -429  (1988) 

Formation of Conidia in a Saprophytic Strain 
Claviceps paspali Producing Simple Lysergic 
Acid Derivatives 

V. I~YLKO, 1~. LINItARTOV)~, P. S A J D L  a n d  Z. ~EItA6EK 

Departme~t of Biogenesis of Natur~ll ,~'ubstctnces, l~st,~tute of M+crobiology, 
Czechoslovak Academy of Sciences, 142 20 Prague 4, Czeehosloc(Ik+(I 

Re(e~'ced October 20. 1957 

A B g T H ~ C I  ~. A non-mqt~ant  s a p r o p h y t m  s t r a t a  C. p.~spali ~]Heh form~ ,'()nid)a b()t]l on a. s,)h, |  
mcd i t 'm  and  du r ing  submerge( |  f e rmen ta t )on  ) s  ( |or;(~r ' l})f~( | .  C ( ) l l l ( h t ~ t , [ ( ) l l  OI'()('('(~t]O(] ]l)  l)(ll',ll]O1 
with cu l ture  g rowth  and  p roduc t ion  o f  aikalol(is. The  eli'(,(.* o f  ('oln[)osltlon of  c.llttllt '  media  ,)1~ 
the  m t c n s i t y  o f  c o m d m t i o n  is described.  

Sporulation of saprophytic cultures of Claviceps contributes to their 
stability and substantially facilitates the I)reparation of high-production 
mutants. Unlike the saprophytic cultures of Clavieeps pm'pu, rea and C. fnsi- 
formis which commonly form conidia during both surface and submerged 
cultivation, cultures of C. paspali reproduce mostly through vegetative 
mycelium and they can be made to form con|dis only with difficulty (for 
review see Reh~Sek 1986). However, the ability to form conidia on solid 
media was observed in a C. paspali strain producing paspalie acid (Kobel 
et al. 1964) and in C. paspali strains (Segal and Germanier 1974; Mercantini 
et al. 1967) producing simple derivatives of lysergic acid. Recently, Pertot 
et al. (1986) described a strain of C. paspali with mutation-induced conidia- 
tion. 

We studied the strain Claviceps paspali MG-6, especially its eonidiation 
on a solid medium, production of simple derivatives of lysergic acid, and the 
effect of composition of culture media on sporulation intensity. 

The saprophytic strain Claviceps paspali (STEV~Z~S et H A L L )  MG-6 was 
isolated from the grass Paspalum dilatatum in the vicinity of Rome by Prof. 
H. Rochelmayer (Institute of Pharmacy, Unicersity of Mainz). The strain was 
maintained on a solid Sabouraud medium (Burton 1949) containing (g/L): 
peptone 10, glucose 40, malt extract Difco 26, tap water, pH 5.8 after sterili- 
zation. Sporulation medium SP (Gaberc-Porekar st al. 1983) contained 
(g/L): sucrose 300, casein-peptone 10, KHsPOa 0.5, MgSOa.7H,~O 0.5, 
FeSO4.TH20 0.007, ZnSOa.7H20 0.006, tap water, NH40H to pH 6.2. Solid 
media contained 2 % agar. 



426 V. R Y L K O  e t a l .  Vol.  33 

7 

log N 

6~ 

I I 

3 I I 
0 10 20 

4 

F i e .  1. T i m e  course of  c o n i d i a t i o n  of  
C. paspali on a g a r  m e d i u m  SP; N -- 
n u m b e r  o f  con id i a  per  cm I o f  aga r  
m e d m m .  

Sabouraud slant cultures were washed off into 60 mL medium SP in 
Erlenmeyer flasks (300 mL) and incubated for 6 d in the dark at 24 :L 1 ~ 
on a rotary shaker (frequency 4 Hz, stroke eccentricity 55 mm). The resulting 
vegetative inoculum was used to inoculate (10 %) fermentation medium MP 
(l~iSicovs etal. 1982) or medium D (Kobel etal. 1964) which were then culti- 
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FIG. 2. T i m e  course of  con id la t lon  of 
sul~merged cu l tu re s  of  C. paspali in 
m e d i a  MP (open symbols) and  D 
(closed symbols; N -- n u m b e r  o f  
con id ia  per  mL.  
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FIo. 3. Time course of submerged cul- 
t iva tmn of C. paspali; squares: dry 
mass  (g/L), circles: total  alkaloids 
(mg/L): closed symbols: medium D, 
open symbols: medium MP. 

vated under the above conditions. The number of spores was determined in 
a Biirker chamber, dry  mass was assayed gravimetrically in 5 mL of culture. 
Total alkaloids were determined in the fermentation broth colorimetrically 
with the van Urk reagent (Robbers etal. 1972). Qualitative analysis of a mix- 
ture of alkaloids was carried out by  TLC (l~ehs etal. 1971b). 

Culture of C. paspali grew on solid media in a continuous white layer on 
which appeared, after 15 d, ochre-coloured droplets of honeydew containing 
elongated conidia (Plate 1A). The culture produced no pigment into the 
medium. On the SP medium it formed sphacelial, abundant ly  branched 
hyphae whose tips carried conidia and honeydew (Plate 1B). The most 
intensive formation of conidia was observed between cultivation days 4 
and l l  on solid medium SP (up to 4 • l06 conidia per cm2). After 13 d the 
formation of conidia practically ceased (Fig. 1), with isolated germination 
of newly formed conidia taking place (Plate 1C). Sporulation on Sabouraud 
medium was much poorer than on medium SP. For this reason cultures from 
a solid SP medium were used for preparing submerged vegetat ive inoculum. 

Submerged cultures of strain MG-6 in medium SP (seed cultures) were 
composed of poorly branched, septated, sphacelial hyphae. Under  these con- 
ditions the cultures grew intensively bu t  produced no conidia or alkaloids. 
In production medium D the mycelium of strain MG-6 was characterized by  
poorly branched sphacelial hyphae (Plate 1D), in later developmental  phases 
also by  sclerotial cells. After 4 d of cultivation intensive formation of conidia 
set in, with a maximum in a 12-d-old culture (concentration of conidia 
430/9L). The subsequent  drop in the number of conidia was apparent ly due to 
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their germination. The morphology of the culture grown on medium MP 
did not substantial ly differ from tha t  of a culture grown on medium D but  
the onset of conidiation in medium MP was delayed by  5 d (Fig. 2). In pro- 
duction media the production of alkaloids and biomass growth proceeded 
in parallel, maximum growth and alkaloid production being attained around 
cultivation day  14 (Fig. 3). The dominant  component of the produced alka- 
loid mixture was 2-hydroxyethyllysergamide, with a lower concentration of 
ergine, erginine, ergometrine, ergometrinine, chanoclavine-I and elymocla- 
vine. 

Like C. paspali strains described by  Kobel et ai. (19(i4), Segal and Ger- 
manier (1974) and Mercantini et al. (1967), the saprophytic strain C. paspali 
MG-6 is capable of forming conidia on a solid medium. However,  strain 
MG-6 is the only known non-mutant  strain forming conidia in a submerged 
culture as well. According to Pertot  el al. (1986) the number  of conidia in a 
submerged culture of a mutant  sporulating strain of C. paspali increased 
until the end of cultivation whereas in strain MG-6 the number of conidia 
after 12 d decreased owing to germination. We cannot exclude the possibility 
that  the germination of conidia was induced by  a decrease in the alkaloid 
concentration in the medium of an ageing culture. The iilhibitory effect of 
alkaloids on conidia germination of the production strain was described by 
Lingappa and Lingappa (1967). The number of conidia in production cul- 
tures of strain MG-6 increased nearly in parallel with the intensity of culture 
growth and production of alkaloids. A similar pat tern including the maximum 
number of conidia was found by  Pa~outovs et al. (1977) in the strain C. pur- 
purea 129. 

Opinions concerning the relationship between culture conidiation and 
alkaloid production differ (cf. Pa~outovs et al. 1977). Until 1977 it was 
assumed that  strains forming conidia under conditions of submerged cul- 
t ivation are unsuitable for production of ergot alkaloids. The strain C. paspali 
MG-6 is another example of a sporulating production strain of Claviceps. 
As seen from the comparison of submerged cultures of strain MG-6 growing 
on media SP, MP and D, the number of conidia is directly proportional to 
the alkaloid production. 

The actual production capacity of strain MG-6 is hard to estimate because 
of the reutilization of extracellular alkaloids after 15 d. The initial rate of 
alkaloid production between days 7 and 10 is analogous to tha t  found in 
another high-production strain of Claviceps. 

Claviceps paspali MG-6 was biochemically studied in detail. Ergometrine 
(0.1 mmol/L) was found to stimulate alkaloid production at the beginning 
of cultivation (l~ehs et al. 1971a, 1972); it also affected the act ivi ty of 
a number of enzymes of primary metabolism (Sajdl 1973). In this strain the 
produced alkaloids seem to play an autoregulatory role. 

Thanks  are due to Dr. Antonin  ~%lf  for inmrophorographs ,  Dr. Sylvie Pa~,outovA fl)r helpful 
comments  on the manuscr tp t ,  and Dr. Alena l~iSieovA for p r o w d m g  the culture of  C. paspali 
used and for valuable advme. 

REFERENCES 

BURTON H.S.: Ant lhlotms from Pemcllha.  Br~t.J.Eap.Pathol. 30, 151 (1949). 
GABERC-POR~KAR V., DIDE~K-BP.uMEC M., So(~I(O H.: Direct selection of  active Cle~viceps eolomes 

on agar  plates. Z.Allg.Mikrobiol. 23, 95--98 (1983). 



1988 F O R M A T I O N  OF CONIDIA IN  C p(tspali 42~ 

KOBEL H.,  SOltREINIr E.,  I:~UTSCHMANN J : 6-Methyl-AS,9-ergolen.8-carbons~ure, t in  neues Ergolin- 
demvat aus K n l tu r en  emes  S tammes  yon Claviceps paspali Stevens et Hall.  Helv.Chim.Acta ~7. 
1052- -  1064 (I964). 

Lr~-(~AI"I"A B.T.,  LIneAl'cA Y.:  Alkaloids as self-inhabiters of  fungi.  Nelture 214, 516--517 (1967). 
,'~IElC.CANTINI R., ODDO ~. ,  TONOLO A.: Alkaloid produc t ion  in submerged culture by  a ne+~ stranl 

o f  Claviceps paspali Stev.  et  Hall.  Ann.lst .Super.Sanita 3, 536--549 (1967). 
PA~OUTOVA. S., POKOlCN~ V., I~EI~A.~NK Z.: The relat ionship between eon~(hatmn and alkaloid 

produc t ion  in s ap rophy tm s t ra ta  of  Claviceps purp~trea. Uan.J.M~crobiol. 23, 1182--1187 
(1977). 

1)~RTOT E., P u c  i . ,  Soc'ir H. : Isolat ion aml merphologieal  eharacterizatioxl o f  a eom(lia-forming 
Clelviceps paspelli mutan t .  Foliel Microbiol. 3 I, 363--  366 (1986). 

~gHA(~gK Z.: F o r m a t m n  physiology of  ergot alkaloids,  pp.  10--155 in Cell Metabolism, 
Growth ~lnd Environment, Vol. I I  (T.A.V. Subramanian ,  :Ed.). CI4C Press,  Boca RatoI~ 1986. 

]~I~HA(~BK Z., KozovA. J . ,  MALIK K.A. ,  ~Ig'ICOVA A, : Correlat ion of  certain al terat  ion ni mctabohc  
ac t iv i ty  with produc t ion  of  alkaloids by submerged Clavicep.* cultures. Appl.Microb~ol. ,)o 
949--956 (1971(i). 

~gHA,5~K Z., K oz ovg  J . ,  ~I(~Ioovg A.. KAgLIK J . ,  SASDL P., ~VAnC S., B~SAPPA S.C.: Role of  
endogeneu~ t r y p t o p h a n  during submerged fcrmenta tmrl  o f  ergot alkaloids. Fol,a Bl~crobiol. 
16, 35- -40  (1971b). 

I~H_;,(~E~: Z., SA.rI)L P. ,  KozovA J. ,  l~l(~lcox'~( A : Physmlog~(.al act~vltms ()f ergobne alkaloids n~ 
submerged cul tures of  Claviceps p(~spedi and  C. purpurea. Fol~.(~ Microbiol. 17, 308 - 3 1 5  (1972). 

l~(~covA. A., F~g(~:ga M., ~ . 4 5 ~ (  Z.: Quant i t a t ive  changes o f  the a!kaloid complex m a sub- 
merged culture o f  Claviceps pasp(~li. Foli(~ Microbiol, 27, 433--455 (1982). 

R o ~ a s  J .E . ,  R o ~ a T S O ~  L.~ ' . ,  H O ~ : ~ A ~ X  K.M.,  J~xD~.X A., F~oss H.G.:  Plkvs~elog~cal 
studies  on ergot:  fu r the r  s tudies  on the  m d u c t m n  of  alkaloid synthes~s by  t r y p t o p h a n  and its 
inhibi t ion by  phosi)hate.  J.Bacteriol. 112, 791--796 (1972). 

SASD~ P.:  Biochemical  changes  in submerged cul tures  Claviceps during fe rmenta t ion  alkaloids. 
(In Czech) PhD Thesis. Ins t i tu te  of  M~crobiology, Cze(h.Acad.Sc~., Prague  1973. 

Sg(~AL E., GERI~fANINa R.: Degenerat ion phenomenon  of  a lkaloid-producing stratus of  ('btviceps 
paspetli. Z.Allff.Mikrobiol. 14, 145--151 (1974). 

The Plato will be foun(l a t  the  end of  the  issue. 


