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Summary. A semicontinuous fermentation with 
immobilized mycelium of Claviceps paspali, pro- 
ducing mainly methylcarbinolamide of lysergic 
acid, ergometrine and the amide of lysergic acid, 
was carried out. It was found that immobilization 
itself improved ergometrine production. The type 
and concentration of alginate used dit not in- 
fluence the alkaloid spectrum. The age and quan- 
tity of inoculum as well as the length of a particu- 
lar cycle affected total alkaloid production but 
did not seem to affect the changes in relative 
amounts of particular alkaloids. The best results 
were obtained with 1000 mg dry mycelium weight 
of 6-day-old fungus from the vegetative phase in 
100 ml production medium immobilized in 4% al- 
ginate of medium or low viscosity and by recy- 
cling every 10 days. When no fungus was found 
outside the gel beads it was possible to improve 
the yield of ergometrine from 52% in the first cy- 
cle to 85% in the fourth cycle of the semicontin- 
uous procedure. 

Introduction 

Production of clavine ergot alkaloids in long-term 
semicontinuous fermentations with immobilized 
Claviceps sp. cells is well documented. Kopp and 
Rehm (1983, 1984) have described the biosynthe- 
sis of agroclavine and elymoclavine with immo- 
bilized C. purpurea cells, while Kren et al. (1987) 
have documented the production of these clavine 
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Abbreviations. LA, lysergic acid; ALA, amide of lysergic acid ; 
MCLA, methylcarbinolamide or a-hydroxyethylamide of lys- 
ergic acid; EMT, ergometrine; DMW, dry mycelium weight; 
PM, production medium 

alkaloids with immobilized C. fusiformis mycelia. 
The cyclol-type ergot alkaloids have the broadest 
spectrum of pharmacological applications. How- 
ever, simple lysergic acid amides (Vining et al. 
1979; Kobel and Sanglier 1986) and clavines 
(Stadler and Giger 1984) also play a role in acting 
as medicaments. Since cyclol-type ergot alkaloids 
accumulate in the mycelia, their production in a 
semicontinuous procedure with immobilized cells 
is not promising, but the production of ergot- 
amine with immobilized protoplasts of C. pur- 
purea has been reported (Komel et al. 1985). 

The bulk of simple lysergic acid derivatives 
are synthesized by different C. paspali strains. In a 
previous paper (Pertot et al. 1988) we reported 
the morphological differentiation of immobilized 
C. paspali cells that showed prolonged metabolic 
activity during semicontinuous fermentation. The 
most interesting biosynthetic product of C. paspali 
is ergometrine, since it has a particularly promi- 
nent uterocontractant activity and is widely used 
for treatment of postpartum haemorrhage (Floss 
1976; Vining and Taber 1979). Kopp and Rehm 
(1983, 1984) have already reported increased er- 
gometrine production with C. purpurea immobil- 
ized in 4% calcium alginate. 

Our present work describes some parameters 
which affect alkaloid biosynthesis in a long- 
term semicontinuous procedure with immobilized 
C. paspali cells. The total alkaloid synthesis as 
well as ergometrine production under different 
conditions constituted our main interest. 

Materials and methods 

Microorganism and cultivation conditions. A selected strain of 
C. paspali ATCC 13892, designated as L-52, producing 1.5 g/1 
of simple LA derivatives, was employed. Colonies taken from 
glucose-potato agar were grown for 6 days in mannitol-suc- 
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cinic acid growth medium (Pertot et al. 1988). By fermentation 
with free cells, 10% (v/v) of the vegetative broth was inocu- 
lated into mannitol-succinic acid production medium (manni- 
tol, 100g; succinic acid, 30g; KH2PO4, 1 g; MgSO4.7H20, 
0.3 g; per litre of HzO). Fermentation was stopped after 10 
days. 

Determiantion of dry mycelium weight. The fungus broth 
(100 ml in two parallels) was filtered and dried at 80 ° C for 1 h. 
The volume aliquot which represented the determined dry 
weight was filtered and taken for immobilization. The differ- 
ence between the mycelium weight after 1 h or 24 h of drying 
was 5%-10%. 

Immobilization conditions. According to the target of each par- 
ticular experiment different amounts and ages of C. paspali 
mycelium were chosen for immobilization in different types of 
Na-alginate gel (Sigma, St. Louis, USA). All amounts are de- 
fined for 100 ml PM. 

Six-day old mycelium (500 mg DMW) of the vegetative 
phase was mixed with 20 ml of 2%-4% alginate of different 
viscosities: (a) high viscosity (older designation Type IV); (b) 
medium viscosity (older designation Type VI) and (c) low vis- 
cosity (older designation Type VII). 

Six-day-old mycelium (350 mg DMW) of the vegetative 
phase, 6-day-old mycelium (500 mg DMW) of the production 
phase and ll-day-old mycelium (750 mg DMW) of the pro- 
duction phase were mixed with 20 ml of 4% alginate of low 
viscosity. 

Six-day-old mycelium (750mg, 1000mg or 1500mg 
DMW) of the vegetative phase were immobilized in different 
amounts of 4% alginate of medium viscosity, so that the con- 
centration of the fungus inside the gel beads remained con- 
stant (25 mg DMW/ml alginate). 

Sterilization of the alginate took place at 120°C for 
20 rain. After cooling, the mycelium was mixed with alginate 
solution. The suspension was, with the help of a sterile pump 
system, added dropwise to 2% CaCl2 solution and allowed to 
stand for 1 h. Low viscosity alginates (2% and 4%) formed 
spherical beads with an average diameter of 5 mm. The 2% al- 
ginates of medium or high viscosity formed identical spherical 
particles but a 4% concentration resulted in the formation of 
cylindrical particles with the same diameter. Immobilized my- 
celium was washed with 0.9% NaCl and put into the PM. 

In semicontinuous fermentation, the beads were separated 
from the production medium every 10, 12 or 14 days, washed 
with 0.9% NaCI and transferred to fresh PM. Fermentations 
took place in 500-ml erlenmeyer flasks with 100 ml PM on a 
rotary shaker (220 rpm) at 24 ° C. 

Analytical methods. The total alkaloid concentration was de- 
termined spectrophotometrically by means of the van Urk pro- 
cedure (Agurell 1966a) directly from the filtered PM. 

Individual alkaloids were determined from 2 ml filtered 
PM adjusted to pH 8 with ammonia; an extract was made with 
4 ml chloroform. Two millilitres of this extract was dried un- 
der nitrogen and stored in the dark at - 20  °C. Thin layer 
chromatography took place on Merck G 60 (Merck, Darm- 
stadt, FRG) silica gel plates with 85% chloroform and 15% me- 
thanol as the mobile phase. 

For identification of particular alkaloids standard solu- 
tions of LA (Lek, Pharmaceutical and Chemical Works, Ljubl- 
jana, Yugoslavia), ALA (Lek), MCLA ("Boris Kidri6" Institute 
of Chemistry, Ljubljana, Yugoslavia) and EMT-maleate 
(WHO Centre for Chemical Reference Substances, Gen6ve, 
Switzerland) were used. Since lysergic acid derivatives iso- 
merize very readily under a variety of conditions (Floss 1976), 

standard solutions of EMT, MCLA and ALA were allowed to 
stand at pH 8 in a bright room for a couple of days to identify 
their iso-forms. 

The chromatographic plates were scanned densitometri- 
cally by measurement of fluorescence at excitation 313 and 
cut-off filter by Camag TLC scanner II (Muttenz, Switzer- 
land). The amount of a particular alkaloid was represented as 
the sum of its normal and iso-form. 

Results 

Claviceps paspali L-52 p r o d u c e d  M C L A ,  E M T  
a n d  A L A  in m a n n i t o l - s u c c i n a t e  p r o d u c t i o n  me-  
d i u m  (Fig. 1). S o m e t i m e s  t races  of  u n i d e n t i f i e d  al- 
ka lo ids  were  observed .  Ergot  a lka lo id  p r o d u c t i o n  
b e g a n  wi th  M C L A ,  fo l l owed  by  E M T .  A L A  is no t  
the real  b i o s y n t h e t i c  p r o d u c t  o f  C. paspali (Agu-  
rell 1966b). It  arises f rom chemica l  d e c o m p o s i t i o n  
o f  M C L A  a n d  its q u a n t i t y  d e p e n d s  u p o n  the fer- 
m e n t a t i o n  c ond i t i ons .  In  a 10-day f e r m e n t a t i o n ,  
free C. paspali cells syn t he s i z e d  49% M C L A ,  48% 
E M T  a n d  1% A L A  (Fig. 2). 

Immobilization in different types and 
concentrations of  alginates 

In  p r e l i m i n a r y  e x p e r i m e n t s  N a - a l g i n a t e s  of  high,  
m e d i u m  a n d  low viscosi ty  were  tes ted  as i m m o b i l -  
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Fig. 1. The biosynthetic pathway from LA to its simple deriva- 
tives produced by Claviceps paspali (Agurell 1966b) 
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Fig, 2. Kinetics of alkaloid production in a 10-day fermenta- 
tion with free C. paspali cells: D, total alkaloid amount; @, 
amount of MCLA; x, amount of EMT; ©, amount of ALA 

ization agents in 2% and 4% concentrations with 
6-day-old mycelium of C. paspali in the vegetative 
phase as an inoculum. Since growth of C. paspali 
hyphae inside alginate beads is limited (Pertot et 
al. 1988), a five times higher concentration of my- 
celium in comparison to fermentation with free 
cells was taken for immobilization (500rag 
DMW/20 ml alginate per 100 ml PM). In all gel 
types and in both concentrations used, EMT syn- 
thesis represented more than 50% of the total al- 
kaloid production (Fig. 3). The alginates of me- 
dium and low viscosity had better mechanical 
properties than that of high viscosity. They were 
used in further investigations since by using them 

5 % OF EMT 
% OF MCLA 

! % OF ALA 

2 

0 
1A 1B 2A 2 B 3A 3B 

Fig. 3. Total alkaloid production and relative content of sim- 
ple LA derivatives in a semicontinuous fermentation with C. 
paspali cells, immobilized in different types and concentra- 
tions of Na-alginate gel. 1A, 2% alginate of high viscosity 
(Type IV); 1B, 4% alginate of high viscosity (Tye IV); 2A, 2% 
alginate of medium viscosity (Type VI); 2B, 4% alginate of me- 
dium viscosity (Type VI); 3A, 2% alginate of tow viscosity 
(Type VII); 3B, 4% alginate of low viscosity (Type VII). (1A, 
1B, after 36 days; 2A, 2B, 3A, 3B, after 60 days) 
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it was possible to make more reincubations and to 
obtain a greater cumulative amount of alkaloids. 

Effect of the age of inoculum 

According to our experience in fermentations 
with free C. paspali cells, three different ages of 
mycelium were used for immobilization: (1) 6- 
day-old mycelium of the vegetative phase, i.e. the 
mycelium which is commonly used as an inocu- 
lure in free-cell fermentations; (2) 6-day-old pro- 
duction mycelium (the mycelium of the middle 
production phase); (3) 1 l-day-old production my- 
celium (the mycelium of the late production 
phase). The concentrations of mycelia were 
chosen according to the growth curve and are de- 
scribed in Materials and methods. 

In four independent experiments with four 10- 
day reincubations, the highest cumulative yield of 
alkaloids was, in all cases, observed with myce- 
lium of the vegetative phase (Table 1). The rela- 
tive content of ergometrine did not vary signifi- 
cantly with age of the inoculum. 

Effect of the quantity of inoculum 

The measurements of mannitol concentration 
after each cycle of semicontinuous fermentation, 
when 500 mg of 6-day-old vegetative C. paspali 
mycelium was used for immobilization, showed 
that nutrients in the production medium were not 
consumed completely (Pertot et al. 1988). Accord- 
ingly, higher amounts of inoculum were also 
tested: 750 mg, 1000 mg and 1500 mg (all DMW/ 
10 ml PM) of C. paspali vegetative mycetium were 

Table 1. Total alkaloid production and relative content of 
EMT in semicontinuous fermentation with Claviceps paspali 
mycelium at different growth phases immobilized in 4% algi- 
hate of low viscosity 

VEG 6 P 11P 

Alk EMT Alk EMT Alk EMT 
(mg/1) (%) (rag/l) (%) (mg/l) (%) 

2670 56 2000 57 2500 59 
3130 55 2600 57 2840 56 
2330 57 1730 57 2140 59 
1800 58 1350 59 1670 57 

Average 2480 56.5 1920 57 2290 57.7 
(%) 100 77 92 

VEG, mycelium of the vegetative phase; 6P and 11P, 6- and 11- 
days-old mycelium in the production phase; Alk, total alkaloids 
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Fig. 4. The effect of the concentration of vegetative C. paspali 
mycelium (immobilized in low viscosity 4% alginate) on total 
alkaloid production. The numbers in the brackets indicate the 
percentage of EMT at the particular alkaloid yield 
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immobilized in different amounts of 4% alginate 2oc 
of medium viscosity so that the concentration of 
the fungus inside the gel remained constant 
(25 mg D W M / I  ml of alginate). In two experi- looo- 
ments with four consecutive incubations, each 
taking 10 days, the cumulative yield of alkaloids 
showed a saturation curve (Fig. 4). 6oo 

Effect of the length of a particular cycle on 
alkaloid production 

Fermentations were carried out with 1000 mg of 
6-day-old mycelium in the vegetative phase im- 
mobilized in 4% alginate of medium viscosity in 
100 ml PM. By recycling every 10, 12 or 14 days it 
was possible to continue the fermentation up to 
90, 96 or 98 days. The highest cumulative yield of 
alkaloids was observed in fermentation with 
10-day cycles and the lowest with 12-day cycles 
(Fig. 5). a- 

Figure 6 shows the average total alkaloid pro- 
duction and the relative content of particular al- 
kaloids from five different fermentations with 10- U 
and 14-day cycles. Two fermentations of 70 days 
(seven 10-day, or five 14-day cycles), two of 40-42 ~ 2 
days (four 10-day or three 14-day cycles) and one 
of 28-30 days (three 10-day or two 14-day cycles) 
were carried out. It is evident that fermentations o~ 
with 10-day cycles gave about 10% greater cumu- < 
lative yields of alkaloids in the same time. The ~ 1. 
percentage of EMT was slightly higher in fermen- < 
tations with 14-day cycles. 

O 
Fermentation when no fungus was found outside 
the gel beads 

To prevent outgrowth of mycelium as far as possi- 
ble, the lowest amount of vegetative mycelium 

~b ~ ao 4o 5o eo 7o 8o eo ~ 
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o 70 84 
Fig. 5. Semicontinuous production of alkaloids with immobil- 
ized C. paspali cells by recycling every 10 (a), 12 (h), or 14 (e) 
days: O, total alkaloids; [3, EMT; x, MCLA; O, ALA; 
~alk = the sum of alkaloid production at the end of fermenta- 
tion 

t00 

;.:.| 

0 
C10 

i/i: 

::::il 
:iiiil 
!:!:!i 
~ii!it 
::i::~ 
!:iit 

C 14 

8 0  

.60 

4 0  

2 0  

Fig. 6. The average result of five different fermentations with 
10- and 14-day cycles: CIO, recycling every 10 days; C14, recy- 
cling every I4 days 
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Fig. 7. Kinetics of alkaloid production with immobilized 
C. paspali cells under conditions with no fungus outside the 
gel beads: O, total alkaloids; D, EMT; x ,  M C L A + A L A  

(500 mg DWM/100 ml PM) was immobilized in 
4% alginate of medium viscosity. Before the beads 
were embedded in production medium, they were 
washed several times with 0.85% NaC1 solution. 
Only in the first four cycles was it possible to ob- 
tain an immobilized system without outgrowing 
hyphae. Results presented in Fig. 7 show that un- 
der these circumstances the amount of EMT in- 
creased in each cycle, from 52% of the total alka- 
loid yield in the first cycle, to 85% at the end of 
the fourth cycle. 

Discussion 

Data obtained in semicontinuous fermentation 
with immobilized C. paspali cells showed that the 
age and quantity of C. paspali mycelium, as well 
as the length of a particular cycle affected total 
alkaloid production, but dit not strongly influence 
the relative content of the lysergic acid derivatives 
EMT, MCLA (and ALA), which were between 
1%-3%. Immobilization in alginates of medium 
and low viscosity enabled a long semicontinuous 
fermentation. The 2%-4% concentrations of algi- 
nate did not seem to affect the changes in the al- 
kaloid spectrum, as found also for C. fusiformis 
cells (Kren et al. 1987), but not for C. purpurea 
cells (Kopp and Rehm 1983). 

The results indicated that it was better to im- 
mobilize C. paspali mycelium during the growth 
phase. The alkaloid yield was on average 8% 
lower when ll-day-old mycelium in the produc- 
tion phase was used, and 23% lower when 6-day- 
old mycelium in the production phase was taken. 
The optimum quantity of inoculum should be be- 
tween 750 mg and 1000 mg (DWM/100 ml PM) of 

C. paspali mycelium, since with higher amounts of 
mycelium (1500 nag DWM/100ml PM) the 
amount of alkaloids no longer increased, prob- 
ably because of nutrient limitations. Since the 
daily increase in alkaloids diminished during the 
last days of the production period, it was pro- 
posed that optimization of the semicontinuous 
fermentations with immobilized C. fusiformis cells 
should involve shortening the production cycle 
(Rozman et al. 1987). The normal production pe- 
riod in C. paspali fermentation lasts for 14 days. 
Recycling every 12 days gave worse results but re- 
cycling every 10 days resulted in a 10% greater cu- 
mulative alkaloid yield in comparison to fermen- 
tations with 14-day cycles. 

While in free-cell fermentation MCLA synthe- 
sis prevailed and the content of EMT after 10 
days never exceeded 50%, immobilized cells in the 
same period synthesized more than 50% EMT 
irrespective of the conditions. The impaired diffu- 
sion of oxygen through the alginate beads, by 
which biosynthetic reactions that need less molec- 
ular oxygen are preferred (Gosmann and Rehm 
1986), could probably be the reason for improved 
EMT synthesis with immobilized C. paspali cells, 
since reduction is the key biosynthetic reaction 
from LA to EMT (Agurell 1966b). 

The reason for the lower sensitivity of the al- 
kaloid spectrum to the immobilization and culti- 
vation conditions could lie in the fact that the al- 
kaloid spectra of some fungi are relatively stable, 
as proposed by Kren et al. (1987). Our results of- 
fer another explanation. In each period some 
branches of outgrowing mycelia fragmented and 
were released into the medium, forming separate 
hyphae (Pertot et al. 1988). This small amount of 
free mycelium synthesized alkaloids in different 
proportions from immobilized cells and the alka- 
loid composition of the medium remained appar- 
ently unchanged. By establishing a system with 
only immobilized C. paspali cells (choosing a low 
mycelium/alginate ratio and with laborious wash- 
ing of gel beads before embedding them into the 
new PM) it was possible to obtain a great increase 
in EMT production from 52% of the total alkaloid 
amount initially, to 85% at the end of the fourth 
cycle. Although the different fermentation condi- 
tions did not strongly affect the relative content of 
EMT, the increased total alkaloid amounts also 
represents an improvement in the absolute EMT 
yield. 
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