
[J. Ferment. Teehnol., Vol. 64, No. 4, 339-342. 1986] 

Note 

Alkaloid Production during the Cultivation with Shaking 
of Claviceps sp." Effects of Asparagine 

j .  D. DESAI*, H. C. PATEL**, and A.J .  DESAI*** 

*Applied Biology Division, Research Centre, Indian Petrochemicals Corporation Limited, Baroda-391 346, India; 
**Department of Biosdences, S.P. University, Vallabh Vidyanagar-388120; ***Department of 

Microbiology, Faculty of Science, M.S. University of Baroda, Baroda-390002, India 

Among the nitrogen sources tested, asparagine stimulated alkaloid production maxi- 
mally. Ammonium salts supported alkaloid production poorly. During the cultivation 
with shaking of Claviceps sp. strain SD-58 in asparagine containing medium, the activity 
of asparaginase increased during the exponential growth (up to 8 days) with the intra. 
cellular accumulation of ammonium ions. Among the ammonia-assimilating enzymes 
we studied, NADP+-glutamate dehydrogenase (GDH) had a higher activity in the 
growth phase (up to 6 days), while in the intensive alkaloid producing phase (after 
6 days) the activity of glutamine synthetase was higher. The latter was associated with 
increases in the intracellular level of tryptophan and alkaloid production. The levels 
of NADP+- and NAD+-alanine dehydrogenases and glutamate synthase were negligible. 

The effects of various nitrogen sources 
on the yield of  ergot alkaloids have been 
investigated.l-a~ However, we still do not 
know all of  the nitrogen effects at the cellular 
level on alkaloid biosynthesis. In  this manu-  
script, which is an extention of our work on 
the physiology of alkaloid biosynthesis, 4-9) 
w e  r e p o r t  o n  t h e  effects  o f  n i t r o g e n  s ou r ce s  

a n d  t h e  ro le  o f  a s p a r a g i n e  o n  a l k a l o i d  p r o -  

d u c t i o n  d u r i n g  t h e  c u l t i v a t i o n  w i t h  s h a k i n g  
o f  Claviceps sp. s t r a i n  S D - 5 8 .  

Mater ia l s  and  M e t h o d s  

O r g a n i s m  and cu l t iva t ion  Claviceps species, 
strain SD-58 (ATCC 26019) from the American Type 
Culture Collection, Md., USA, was maintained on 
potato dextrose agar slopes by subculturing every two 
weeks at  25°C for 5 days and storing at 5°C. 

Inoculum preparation, NL-406 medium compo- 
sition, and shake cultivation conditions (200 rpm) were 
the same as described earlier3 -9) To study the 
effects of nitrogen source on alkaloid production, 
nitrogen sources were omitted from the medium 
(NL-406) and the indicated nitrogen source was added 
to give a nitrogen content of 4.24 g/l. The amino 
acids added were L-isomers. 

Ceil- free  ex trac t s  Cell-free extracts were pre- 
pared as described earlier. 4-s) Mycelia were harvested 
on sintered glass funnels by vaccum filtration. Mycelial 
pads were washed with distilled water, frozen to -- 10°C, 
and disrupted in a pre-cooled X-press (Biotec, Sweden) 
at  100 MPa pressure. A 20% (w/v) extract was 
prepared in 50 Mm Tris-HC1 buffer (pH 7.2) and was 
centrifuged at 20,000 × g for 30 min. The supernatant 
was used for enzyme assays. 

E n z y m e  a s s a y s  The spectrophotometric mea- 
surements were made on a Shimadzu double beam 
spectrophotometer, UV-150-02 (Japan). Unless other- 
wise specified, the initial rates of enzyme reactions 
were measured at 30°C and one unit represents the 
amount of enzyme which brought about the formation 
of 1/~mol of product per minute under the given 
experimental conditions. NADP + glutamate dehydro- 
genase (EC 1.4.1.4), NAD+-glutamate dehydrogenase 
(EC 1.4.1.3) and glutamate synthase (EC 2.6.1.53) were 
measured by the methods of Desai and ModP l) and 
Roon et d. ,  TM respectively. The method of Elliot Is) 
was followed for the measurement of glutamine 
synthetase (EC 6.3.1.2) and asparagine synthetase 
(EC 6.3.1.1.). The methods described by Schwartz 
el al., TM and Thomulka and Moat is) were used to 
assay aspaxaginase (EC 3.5.1.1) and NAD ÷- and 
NADP+-alanine dehydrogenases (EC 1.4.1.1. and 
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EC 1.4.1.2, respectively). 
Analytical methods The method of Allport 

and Cocking is) was used for the measurement of 
alkaloids, using elymocalvine as a standard. Intra- 
cellular free tryptophan and ammonium ions were 
measured by the methods of Spiess and Chambers t~) 
and Fawcett and Scott, xs) respectively. Protein was 
estimated by the method of Lowry et al./9) using 
bovine serum albumin as a standard. The results 
listed here are the average values from at least three 
independent experiments. 

Results  and Di scuss ion  

Figure  1 i l lustrates the  effects o f  n i t rogen  
source on a lka lo id  p roduc t ion  and  g rowth  
of  Claviceps sp. s t ra in  SD-58. Aspa rag ine  
s t imula ted  a lka lo id  p roduc t ion  the most  
a m o n g  the n i t rogen sources tested.  A m -  
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Fig. l. Effects of nitrogen sources on growth (A) and 
alkaloid production (B) by Claviceps sp. strain 
SD-58. Cells were grown in NL-406 medium. 
(D) and NL-406 medium from which the nitrogen 
source was omitted and with the incorporation of 
asparagine (O), aspartic acid (@), ammonium 
nitrate (x), and aspartic acid q-ammonium 
nitrate as 1 : 1 ratio (11). The nitrogen content 
of the medium was kept constant 4.24 g N/l. 

m o n i u m  salts were a poor  n i t rogen source. 
W h e n  an  inorgan ic  n i t rogen source (am- 
m o n i u m  salts) were pa r t i a l l y  or  to ta l ly  re- 
p laced  b y  o ther  o rganic  n i t rogen sources, 
i.e. asparagine ,  aspar ta te ,  or  g lu tamate ,  a b o u t  
a 1.5- to 3-fold increase in a lka lo id  y ie ld  a n d  
a subs tant ia l  increase in myce l ia l  d r y  weight  
were  observed.  A l though  different  n i t rogen  
sources gave different  a lka lo id  yields,  the 
fe rmenta t ion  cycle a n d  g rowth  cycle were  
not  affected a n d  m a x i m u m  a lka lo id  p roduc-  
t ion was a t t a i n e d  wi th  12 days  of  fe rmenta-  
t ion.  Thus ,  it  is reasonable  to bel ieve tha t  
the  n i t rogen source affects the  ra te  o f  a lka lo id  
synthesis. O u r  results a re  in l ine wi th  those 
r epor t ed  for p roduc t ion  o f  antibiotics.2o, ~1) 

T h e  ac t iv i ty  of  asparaginase ,  a lka lo id  pro-  
duc t ion ,  a n d  in t race l lu la r  a m m o n i u m  ion 
concen t ra t ion  d u r i n g  the submerged  cul t i -  
va t ion  of  Glaviceps sp. s t ra in  SD-58 are  
i l lus t ra ted  in Fig.  2. T h e  ac t iv i ty  o f  aspara-  
ginase increased up  to the  end o f  exponen t ia l  
g rowth  (8 days) .  T h e  ac t iv i ty  of  asparagi -  
nase decreased  after  8 days of  f e rmenta t ion  
and  was associated wi th  intensive a lka lo id  
p roduc t ion .  T h e  in t race l lu la r  level of  am-  
m o n i u m  ions was para l l e l  to the ac t iv i ty  of  
asparag inase  and  a c c u m u l a t e d  d u r i n g  the 
exponen t ia l  phase  o f  growth.  T h e  r a p i d  
use of  in t race l lu la r  a m m o n i u m  ions du r ing  
the intensive a lka lo id  p r o d u c i n g  phase of  
the g rowth  was observed.  T h e  level of  
asparag ine  synthetase r ema ined  much  lower 
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Fig. 2. Specific activities of asparaginase (@), 

asparaglne synthetase (ffl), intracellular ammo- 
nium ion concentration (x), and alkaloid content 
(O) during the submerged cultivation of Glavi*eps 
sp. strain SD-58 in asparagine medium. 



Vol. 64, 1986] Alkaloid Production by Claviups sp. 341 

F6 

: ' 4  

0 L/ 2 4 6 8 I0 12 

Days 

Fig. 3. The levels of NADP+-glutamate dehydro- 
genase (O) and NAD+-glutamate dehydrogenase 
(O) during the submerged cultivation of 
Claviceps sp. strain SD-58 in asparagine medium. 

than asparaginase and almost constant 
throughout the fermentation cycle (Fig. 2). 

Since ammonium ions have strong effects 
on the biogenesis of many secondary meta- 
bolites22-24) and a drastic fall in intracellular 
level of ammonium ions was associated with 
the intensive alkaloid production (Fig. 2), 
the activity of enzymes concerned with am- 
monia assimilation was investigated during 
alkaloid production by Claviceps sp. strain 
SD-58. As depicted in Fig. 3, the level of 
NAD+-GDH was lower than that of NADP+ 
- G D H .  The activity of NADP+-GDH in- 
creased up to 6 days of fermentation and 
declined later. The  activities of NADP+- 
alanine dehydrogenase (1-2 units/rag prot.), 
NAD+-alanine dehydrogenase (0.3-0.8 units/ 
mg prot.) and glutamate synthase (1-2 units• 
mg prot.) were very low and not much altered 
during the entire fermentation cycle. The 
parallel relationship between the activities 
of NADP+-GDH and asparaginase up to 6 
days of growth suggested that during the 
growth phase the major assimilatory route 
of ammonia, a product ofasparaginase, might 
be through NADP+-GDH. Several inves- 
tigators have failed to detect glutamate 
synthase in a variety of eukaryotes including 
fungi. 25-27) We demonstrated the absence of 
NAD+-alanine dehydrogenase in Claviceps pur- 
purea (Fr.) Tul.lo) 

The fall in the intracellular level of am- 
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Fig. 4. Specific activity of glutamine synthetase (O) 

and intracellular concentration of tryptophan (Q) 
and almnonia (x) during the cultivation with 
shaking of Claviceps sp. strain SD-58 in 
asparagine medium. 

monium ions durnig intensive alkaloid 
production and the rise in glutamine syn- 
thetase activity can be correlated (Fig. 4). 
Ammonium ion is one of the substrates for 
glutamine synthetase and the enzyme is 
involved in the regulation of macro- 
molecules in bacteria ~s) and fungi. 29) Gluta- 
mine has been reported as an amino donor for 
the synthesis of other compounds including 
tryptophan,5, 80) as an ergoline ring precursor 
and inducer for alkaloid synthesis. 31-sa) 
The level of tryptophan (Fig. 4) in the cell 
during cultivation with shaking of Claviceps 
sp. SD-58 showed dynamics parallel to the 
activity of glutamine synthetase. 

Thus, the results indicated that asparagine 
is prominant in expression of the Claviceps 
species, strain SD-58 genotype. The data 
also suggested that the metabolism of as- 
paragine via asparaginase resulted into the 
accumulation of ammonium ions in the early 
phase of fermentation. Ammonium ions 
might be assimilated through NADP+-GDH 
for cellular growth and metabolized through 
glutamine synthetase during the intensive 
alkaloid producing phase resulting in higher 
t ryptophan synthesis. The accumulation of 
t ryptophan in turn may be one of the factors 
for overproduction of alkaloids. 
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