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Summary. Succinic  acid  can jus t  as well  be r ep l aced  
by citr ic acid  in s u b m e r g e d  f e r m e n t a t i o n  of  lysergic 
acid  der iva t ives  by  a s t ra in  of  Claviceps paspali. T h e  
h ighes t  a lka lo id  y ie lds  were  o b t a i n e d  with a 1% citr ic 
acid  concen t r a t i on  in the  m e d i u m  at a cons tan t  p H  of  
5.2. W h e n  the  op t ima l  p H  was not  m a i n t a i n e d ,  
g rowth  was inh ib i t ed  and all aspects  of  me tabo l i c  
act ivi ty  o f  the  fungus  were  dep res sed .  

Introduction 

Var ious  s t ra ins  of  the  fungus  Claviceps  exhib i t  a 
charac te r i s t i c  c a r b o n  source  r e q u i r e m e n t  in sub- 
m e r g e d  cu l ture  for  bo th  g rowth  and  a lka lo id  p rod -  
uct ion.  In  add i t i on  to c a r b o h y d r a t e s  such as sucrose ,  
m a n n i t o l  o r  so rb i to l ,  an o rgan ic  acid  c o m p o n e n t  tha t  
is a c o m m o n  i n t e r m e d i a t e  of  the  ci tr ic acid cycle is 
r e q u i r e d  for  op t ima l  g rowth  and  a lka lo id  synthes is  
( A r c a m o n e  et  al. 1970; Pa~outova  and  R e h a 6 e k  
1981). 

F o r  C. paspali  s t ra ins  p roduc ing  s imple  lysergic  
acid de r iva t ives  ( L A D s ) ,  succ ina te  is mos t ly  used  to 
s u p p l e m e n t  the  cu l ture  m e d i a  ( A r c a m o n e  et  al.  1961; 
B r a r  et  at. 1968). Ci t r ic  acid,  which is f avourab le  for  
C. purpurea  s t ra ins ,  has  b e e n  found  to inhibi t  the  
g rowth  of  C. paspali  and  its a lka lo id  p r o d u c t i o n  
( A r c a m o n e  et  al.  1961; A m i c i  e t  al. 1967; G l u n d  et  al. 
1979; K y b a l  et  al. 1981). I t  a p p e a r s  tha t  the  inf luence  
of  o rgan ic  ac id  is species-speci f ic  ( G l u n d  et  al. 
1979). 

The  aim of  o u r  inves t iga t ion  was,  t he re fo re ,  to 
f ind ou t  if succinic acid  can  be r ep l aced  in the  
p r o d u c t i o n  m e d i u m  by citr ic acid,  which is f avourab le  
f rom the e c o n o m i c  po in t  of  view. Since the me tabo l i c  
aci t ivi ty wi th  r e spec t  to g rowth  and a lka lo id  synthesis  
also d e p e n d s  on the  ci tr ic acid  concen t r a t i on  ( G l u n d  
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et  al. 1979), in this p a p e r  we also discuss the op t ima l  
concen t r a t i on  of  citric acid for  the  s u b m e r g e d  
p r o d u c t i o n  of  L A D s .  

Materials and methods 

Microorganism and culture conditions. Claviceps paspali (Stevens 
and Hall) selected strain ATCC 13892 was used. This strain forms 
no conidia in submerged cultures and is capable of producing a 
maximum of 2,000 mg/1 of simple LADs under the culture 
conditions described. 

Cultures were kept on potato-glucose agar plates at 24 ° C and 
18-day-old cultures were used for inoculating seed flasks. 

Fermentation experiments were carried out in two stages: 
seed-stage fermentation for 6 days and production-stage fermen- 
tation for 14 days. Cotton-wool-plugged 500-ml Erlenmeyer flasks 
containing 100 ml of culture medium were used for shake cultures. 
The course of fermentation was followed in a glass fermentor 
(CHEMAP) with a total capacity of 14 1, an air flow of i l/l/min and 
a rotation velocity of 250 rpm. All fermentations were carried out 
at 24 ° C. 

Culture media. The seed-stage medium was composed of 40 g/1 
mannitol, 10 g/1 glucose, 10 g/1 succinic acid, 3 #1 KHzPO4, 0.3 N1 
MgSO4 • 7 H20 and 2 g/1 chicken peameal in tap water; the pH of 
5.2 was adjusted with ammonia before sterilization. 

The production-stage medium contained: 50 g/l mannitol, 
30 g/1 succinic acid, 1 g/1 KH2PO4, 0.3 g/1MgSO4 - 7 HzO and 20 ~l 
NaC1 in tap water. During the experiments, succinic acid was 
replaced by various concentrations of citric acid; the pH of 5.2 was 
adjusted with ammonia. Both media were modified according to 
the method of Arcamone et al. (1961). 

Analytical methods 

1. The concentration of the citric acid was determined according to 
the method of So6i~ and Gaberc-Porekar (1981). 
2. The amount ofmannitol in the culture filtrate was estimated by 
the polarimetric method of Richtmyer and Hudson (1951), as 
modified by Arcamone et al. (1961). 
3. Inorganic phosphate was measured by the method of Beren- 
blum and Chain (1938). 
4. Nitrogen (NH4 ÷) was estimated by the method described by 
Banks et al. (1974). 
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5. Mycelial dry weight: a sample of culture broth (50 ml) was 
filtered through filter paper in a Biichner funnel, washed twice with 
water and dried at 85°C to constant weight. 
6. Alkaloids: culture filtrate suitable diluted (2 ml) was mixed with 
van Urk reagent (4 ml), which was prepared as described by 
Agurell (1966), and the blue colour determined spectrophoto- 
metrically with reference to a standard solution of ergometrine 
base. 

Results and disucssion 

c o n c e n t r a t i o n  d u e  to h ighe r  b i o m a s s  f o r m a t i o n .  F r o m  
these  resul t s  it is e v i d e n t  tha t  ci tr ic  acid p lays  an  
i m p o r t a n t  ro le  in  the  m e t a b o l i c  r e g u l a t i o n  of  the  
b i o s y n t h e s i s  of  L A D ,  b e i n g  the  key  r e g u l a t i o n  
e l e m e n t  in p r i m a r y  m e t a b o l i s m  ( K y b a l  et  
al.  1981).  

W h e n  fo l lowing  the  cour se  of  f e r m e n t a t i o n  in a 
m e d i u m  s u p p l e m e n t e d  wi th  a 1% citr ic  ac id  c o n c e n -  

A s  s h o w n  in  T a b l e  1, succ in ic  acid can  j u s t  as wel l  be  
r e p l a c e d  by  citr ic ac id  in  the  p r o d u c t i o n  m e d i u m  used  
for  a s t r a in  of  C. paspali. F u r t h e r  f e r m e n t a t i o n s  
c o n d u c t e d  wi th  v a r i o u s  ci tr ic  acid c o n c e n t r a t i o n s ,  
also in  shake  cu l tu r e s ,  d e m o n s t r a t e d  tha t  the  h ighes t  
a l ka lo id  t i t res  we re  y i e l d e d  at  a 1% ci t r ic  acid 
c o n c e n t r a t i o n  ( T a b l e  2). W i t h  h ighe r  or  l o w er  ci tr ic  
ac id  c o n c e n t r a t i o n s  in  the  m e d i u m ,  d i f f e rences  we re  
n o t e d  in  b o t h  g r o w t h  a n d  a lka lo id  p r o d u c t i o n .  
A l t h o u g h  the  specif ic  ac t iv i ty  of  the  s t r a in  i n c r e a s e d  
wi th  i n c r e a s i n g  ci tr ic  ac id  c o n c e n t r a t i o n ,  the  h ighes t  
a b s o l u t e  a lka lo id  y ie ld  was  ach i eved  wi th  a 1% 

Table 1. The influence of the organic acid on the growth of 
Claviceps paspali and the production of lysergic acid derivatives a 

3% succinic acid 3% citric acid 

Biomass Alkaloid Sp.act. b Biomass Alkaloid Sp.act. 
(g/l) (mg/l) (rag/g) (g/l) (mg/1) (mg/g) 

6.04 769 127.3 6.30 836 132.7 
6.38 850 133.2 5.88 833 141.7 
8.92 1,053 118.1 7.57 1,122 148.2 
7.44 1,025 137.7 8.40 1,108 131.9 

a Average of repeated fermentations 
b Specific activity (alkaloid/dry weight of biomass) 

Table 2. Effect of various concentrations of citric acid on the growth of C. paspali and the production of lysergic acid derivatives 

Citric acid concentration 

0.5% 1% 2% 

Biomass Alkaloid Sp.act? Biomass Alkaloid Sp.act. Biomass Alkaloid Sp.act. 
(g/l) (rag/l) (rag/g) (g/l) (mg/i) (mg/g) (g/l) (mg/l) (mg/g) 

13.8 756 54.8 13.1 1,312 100.2 9.7 1,297 133.7 
13.1 730 55.7 12.6 1,378 109.4 9.1 1,267 139.2 
12.1 736 60.8 11.5 1,286 111.8 9.2 1,283 139.5 
13.8 718 52.0 12.6 1,269 100.7 9.5 1,228 129.3 

a Specific activity (alkaloid/dry weight of biomass) 

TaMe 3. Course of C. paspali fermentation in a medium containing a 1% citric acid concentration, without pH regulation 

Incubation pH Biomass Alkaloid Sp.act. a Mannitol Citric acid KH2PO 4 NH2 
time (days) (g/l) (mg/1) (mg/g) (g/l) (g/i) (g/I) (g/l) 

0 5.2 1.6 - - 49 9.5 0.993 1.538 
1 5.15 . . . .  8.7 0,995 1.484 
3 4.8 5.1 82 16.1 44 8.7 0.148 1.185 
5 4.6 8.0 219 27.4 34 8.5 0.132 0.862 
6 4.3 8.8 335 38.1 . . . .  
7 4.1 8.4 450 53.6 28 8.0 0.090 0.765 
8 4.1 8.2 579 70.6 . . . .  
9 4.0 7.9 631 79.9 14 7.5 0.000 0.614 

10 3.9 7.6 751 98.8 . . . .  
11 3.8 7.5 896 119.5 13 " 7.5 - 0.562 
12 3.8 7.5 903 120.4 . . . .  
13 3.8 7.4 928 125.4 . . . .  
14 3.8 7.4 956 129.2 10 7.5 - 0.391 

a Specific activity (alkaloid/dry weight of biomass) 
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tration,  a s t rong acidification was noted if the p H  was 
not  regulated.  The  initial p H  of  5.2 d ropped  marked-  
ly, inhibiting both culture growth and L A D  pro-  
duction.  As shown in Table  3, the overall  metabol ic  
activity of  the fungus was repressed at the low pH.  
The  inhibiting effects of  pH,  as discussed earlier by 
Butlin (1967), are p robab ly  not  caused by excessive 
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Fig. 1. The influence of pH on the course of fermentation of 
lysergic acid derivatives in a medium containing a 1% citric acid 
concentration. - -  Regulated pH; . . . . .  Non-regulated pH 
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concentra t ions  of  hydrogen  ions but are due to 
undissociated acid, which can enter  the cell more  
easily than hydrogen  ions and alters the internal p H  
of the cell. A consequence  of this effect is the 
decrease in biomass,  which is probably  not connec ted  
as much with the tysis of  the cells as with the fact that  
secondary  metabol i tes  of  the fungus C. paspali are 
excreted into the filtrate. 

In fermenta t ions  where  the initial p H  of 5.2 was 
adjusted with ammonia  and regulated with N a O H ,  
the medium containing a 1% citric acid concentra t ion 
p roved  to be opt imal  for the growth of  our  strain and 
its alkaloid product ion  (Fig. 1). The  biomass was 
twice that  obta ined  in fermentat ions  without  p H  
regulat ion and the alkaloid yields increased greatly. 
Since there is no significant difference in the specific 
activities of  both  fermentat ions ,  the main effect of  p H  
regulat ion could be ascribed to the maintaining of  the 
growth of  the fungus. 

The  physiological effect of  p H  regulat ion could 
also be deduced  f rom other  fungal metabol ic  activ- 
ities, as shown in Table  4. 

The  uptake  of  nutrients f rom culture media  was 
intensified at a constant  p H  of 5.2, a l though citric 
acid as an addit ional carbon source was utilized to 
only about  18% of  the initial concentra t ion.  This 
observat ion is in contrast  to the results obta ined with 
o ther  Claviceps strains, as with an ergotamine  
p roduce r  for  instance, where  the consumpt ion  of  both  
carbon sources proceeds  s imultaneously during the 
course of  fe rmenta t ion  and is very high (Amici  et al. 
1967; A r c a m o n e  et al. 1970; Glund  et al. 1979). On  
the o ther  hand,  some strains have been described 
which lost their ability to utilized citric acid, but  in 
this case there was no produc t ion  of  L A D  (Amici  et 
al. 1967). In  our  case high alkaloid yields were 
obta ined  when a constant  p H  was mainta ined,  in spite 
of  poor  utilization of  citric acid. It  seems that  citric 

Table 4. Metabolic activities of C. paspali in a medium containing a 1% citric acid concentration at a constant pH of 5.2 

Incubation Biomass Alkaloid Sp.act. a Mannitol Citric acid KH2PO4 NHj- 
time (days) (g/l) (mg/1) (mg/g) (g/l) (g/l) (g/l) (g/l) 

0 1.8 - - 49 9.5 0.996 1.475 
1 . . . .  8.6 0.977 1.261 
3 5.1 101 19.8 41 8.5 - 1.082 
5 7.8 262 35.6 31 8.0 0.099 0.634 
7 14.7 628 42.7 21 8.2 0.000 0.522 
8 15.4 899 5 8 . 4  . . . .  
9 15.6 1,122 71.1 11 8.0 - 0.315 

10 15.8 1,366 8 6 . 5  . . . .  
11 15.8 1,612 102.0 5 7.6 - 0.242 
12 15.4 1,735 1 1 2 . 7  . . . .  
13 15.2 2,062 1 3 5 . 7  . . . .  
14 15.0 2,227 148.5 - 7.6 - 0.162 

a Specific activity (alkaloid/dry weight of biomass) 
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ac id  in t h e  f o r m  o f  a m m o n i u m  sal t  s e r v e s  m a i n l y  as a 
s o u r c e  o f  a m m o n i u m  n i t r o g e n .  

F r o m  t h e  resu l t s  o b t a i n e d  w e  can  c o n c l u d e ,  
t h e r e f o r e ,  t ha t  t h e  p h y s i o l o g y  o f  t h e  C. paspali s t ra in  
u s e d  is spec i f i c  a n d  d i f f e r e n t  f r o m  o t h e r  s t ra ins  o f  t h e  
genus  Claviceps, 
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