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1. SUMMARY 

Sphaerostilbe repens utilizes nitrate and am- 
monium as nitrogen sources. Differentiation of 
mycelium into rhizomorphs and coremia was re- 
duced in the presence of nitrate and completely 
inhibited in the absence of calcium. The most 
abundant free amino acids were, in decreasing 
order: alanine, glutamine, glutatomic acid, serine, 
aspartic acid, ~,-aminobutyric acid, arginine and 
threonine. These compounds represented 90% of 
the total amino acid pool. 

The free amino acid composition did not vary 
with cultural conditions although concentrations 
of individual amino acids differed. In ammonium- 
grown cells, ,t-aminobutyric acid increased in con- 
centration and glutamate, aspartate and alanine 
decreased. Calcium-deficient media reduced amino 
acid concentrations, especially of arginine and 
ornithine. Amino acid contents increased during 
the growth period and were higher in rhizomorphs 
than in vegetative mycelia. 

2. INTRODUCTION 

From vegetative mycelium, Sphaerostilbe repens 
gives rise to coremia and rhizomorphs which result 

from the coalescence of hyphae growing in a pref- 
erential direction. These two types of organs are 
jointly referred to hereafter as an 'aggregated unit' 
[11. 

Morphogenetic phases of the differentiation of 
these organs in Sphaerostilbe repens have been 
extensively studied [1-3]. However, metabolic 
pathways related to the morphogenesis of this 
organism remain so far largely unknown. Our 
main target is to elucidate the biochemical steps 
leading to the formation of the aggregated organs, 
especially studying nitrogen metabolism as this 
element is known to play a crucial role in regulat- 
ing coremium and rhizomorph formation [4]. In 
addition, complete differentiation of the thallus is 
a calcium-dependent phenomenon. The presence 
of this cation in culture media is a prerequisite for 
the formation and elongation of the aggregated 
structures [5]. 

The metabolic route for incorporating nitrogen 
from nitrate into amino acids has already been 
investigated in Sphaerostilbe repens. Nitrate re- 
ductase and glutamate dehydrogenase have previ- 
ously been studied [6,7]. This investigation deals 
with the effect of mineral nitrogen compounds and 
calcium on the accumulation of free amino acids 
in the fungus in relation to its capability for differ- 
entiation. 
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3. MATERIALS AND METHODS 

3.1. Culture of the organism 
Sphaerostilbe repens (Strain 275-60) obtained 

from the Centraal Bureau voor Schimmelcultures 
of Baarn (The Netherlands) was grown in the dark 
at 28°C on a medium with the following composi- 
tion (g/l): sucrose, 45; tartaric acid, 2.64; Na2SO 4, 
0.21; KH2PO 4, 0.6; K2CO3, 0.4; MgSO 4 7H20, 
0.85; FeSO 4 7H20,  0.086; ZnSO 4 7H20, 0.041; 
MnSO 4 H20,  0.0085; CaC12 2H20, 0.0147. 
Nitrogen was incorporated into the media at the 
constant level of 1 g/1 (i.e. g / l :  NaNO 3, 6; NH4C1, 
4; N H 4 NO 3, 3). The pH was adjusted to 5.4 
before autoclaving at 120°C for 20 min. After 
autoclaving, the pH was 5.3. 

Calcium-deficient media were prepared follow- 
ing a method previously reported [5]. 

Cultures were grown as surface cultures in 250- 
ml erlenmeyer flasks each containing 130 ml of 
liquid medium. Solid media were obtained by the 
incorporation of 20 g/1 of agar (Difco). 

Liquid media were inoculated with young col- 
onies of Sphaerostilbe repens grown for 48 h on 
solid media, according to a method described pre- 
viously [5]. 

Growth of the colonies on liquid media was 
determined by weighing after desiccation in a 
ventilated oven at 80°C. Rhizomorphs were severed 
and weighed separately from the rest of the thallus 
comprising vegetative mycelium and corernia. The 
results are based on a sample of six indix, idual 
colonies. 

Detection of aggregated units from thalli grown 
in solid media was by the following technique: the 
central aggregated region was taken out with a 
cork borer, the cylinders were mounted on a hand 
microtome and cut horizontally with a razor blade 
to separate agar and rhizomorphs from overlying 
mycelium and coremia. The aggregated units were 
thus distinguishable by the rhizomorph cross-sec- 
tions which were counted under the binocular lens. 

3. 2. Extraction and analysis of amino acids 
5 mg of freeze-dried material reduced to powder 

were homogenized in a mortar with 5 ml of a 
methanol-chloroform-water  mixture (12 : 5 : 3) 
and centrifuged at 20000 x g for 20 rain. The 

extraction was repeated 5 times with this solvent 
and 2 times with 80% ethanol: All the operations 
were carried out at 4°C. The supernatants were 
pooled and evaporated at 30°C in a rotary 
evaporator under vacuum. The residues were redis- 
solved in a mixture containing 2 ml distilled water 
and 0.5 ml chloroform, the latter being used to 
eliminate the lipids. The suspension was centri- 
fuged at 30 000 x g for 20 rain. The aqueous upper 
layer containing the amino acids was saved and 
evaporated as before, the residues being resus- 
pended in 600 ~1 of 180 mM lithium citrate buffer 
at pH 2.2. A Biotronic LC 6000 autoanalyser was 
used to identify and assay amino acids. 

4. RESULTS AND DISCUSSION 

4.1. Growth and differentiation of the thallus 

In the presence of calcium, ammonium nitrate 
was found to be the most favourable to differenti- 
ation as well as growth of the aggregated organs, 
especially rhizomorphs (Table 1). With ammonium 
chloride, aggregated structures were fewer and 
rhizomorph development was considerably re- 
duced although mycelial production was not af- 
fected, the latter being even better than with am- 
monium nitrate. With sodium nitrate, only a few 
aggregated organs differentiated and rhizomorphs 
grew to a small extent. 

In the absence of calcium, rhizomorph and 
co remium di f fe rent ia t ion  was suppressed;  
mycelium grew slowly and appeared as a thick 
uniform crust. Nevertheless, with ammonium 
nitrate a few rudimentary aggregated units were 
formed after eight days of culture but rhizomorphs 
hardly ever developed. Mycelium was not as dif- 
ferentiated and developed with sodium nitrate as 
with the other nitrogen sources (Table 1). 

After 24 days of culture, dry weights were ap- 
proximately doubled although the ratios between 
the values remained constant (not reported). 

These results are consistent with observations 
that nitrate is often a poor source of nitrogen for 
differentiation and growth of fungi [8-11]. More- 
over, whatever the nitrogen source, Sphaerostilbe 
repens requires calcium for the formation of 



Table 1 

Influence of calcium and nitrogen sources on growth and aggregated organ production in Sphaerostilbe repens 

Results were determined on 8 day-old colonies. 
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Calcium-containing medium Calcium-deficient medium 

NaNO 3 NH4C1 NH4NO 3 NaNO 3 NH4CI NH4NO 3 

Dry weight (mg) Mycelium 72 
Rhizomorphs 100 

Number of aggregated units 
on a colony 5 

103 71 50 70 69 
450 984 0 0.1 1.6 

70 80 0 0.2 0.2 

coremia and rhizomorphs, which confirms previ- 
ous data obtained with slightly different culture 
media [5]. 

4.2. Amino acid composition 

Alanine was the major component (44% molar 
basis) in the Sphaerostilbe repens free amino acid 

pool (Tables 2, 3 and 4). Concentrations of 
glutamine, glutamic acid, serine and aspartic acid 
were respectively 14, 10, 7 and 6% of the total 
amino acid pool. A substantial amount of y- 
aminobutyric acid, arginine and threonine was also 
present (4, 3 and 2%, respectively). These 8 amino 
acids accounted for 90% of the total free amino 
acid content. Proline and tryptophan were gener- 

Table 2 

Free amino acid composition of Sphaerostilbe repens grown in the presence of sodium nitrate 

Results expressed as / tmol /g  of dry material. 

Calcium-containing medium Calcium-deficient medium 

Rhizomorphs Mycelium Mycelium 

8-day-old 24-day-old 8-day-old 24-day-old 8-day-old 24-day-old 
colonies colonies colonies colonies colonies colonies 

Aspartic acid 4.3 
Threonine 7.2 
Serine 15.2 
Glutamic acid 45 
Glutamine 73 
Proline traces 
Glycine 7.6 
Alanine 97.1 
Valine 2.4 
Cystine 1.1 
Methionine 1.9 
Isoleucine 2.1 
Leudne 2.1 
Tyrosine 1.5 
Phenylalanine 1.5 
fl-Alanine 2.2 
~,-Aminobutyric acid 8.3 
Ornithine 0.4 
Lysine 1.7 
Histidine 1.8 
Tryptophan traces 
Arginine 3.3 

29.2 0.8 41.8 
17.6 4.3 8.7 
60.9 12.3 27.7 
47.8 29.2 48.4 
85.2 37.7 72.8 

traces traces traces 
2.3 5.3 6.5 

377.9 80.6 93 
12.7 1.9 2.9 

1.1 1.1 1.3 
0.9 0.9 1.3 
4.6 1 1.9 
4.6 1.7 1.7 
3.9 2.5 2.5 
1.7 1.2 1.2 
3.5 3.2 2.9 

12.8 7.8 8.3 
1.3 0.4 0.8 

12 2.1 5.3 
6.8 2 4.8 

traces traces traces 
22.5 4.2 9.1 

18.4 45.5 
5 6 

10.6 17.2 
23.3 38 
23.6 39.4 
traces traces 
5.3 5.7 

75.4 90 
2.7 3.1 
1.6 1.4 
1.1 0.9 
1.7 1.7 
1.5 1.5 
2.2 2.7 
1 1.2 
2.5 2.9 
7.8 4.1 
0.4 0.4 
1.7 2.1 
1.6 2.4 

traces traces 
3.6 4.2 
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ally detected only in a trace amount; this was also 
so for asparagine which in certain cases, could not 
be properly separated and thus is not mentioned 
in the results. The amino acid content expressed 
on a molar basis does not accurately represent the 
quantity of nitrogen stored in each amino acid. 
When concentrations are expressed on a nitrogen 
molar basis, alanine, glutamine, arginine and 
glutamic acid comprised 34, 22, 10 and 7% of the 
nitrogen in the free amino acids. This emphasizes 
the key role of these amino acids in the metabo- 
lism and storage of nitrogen in this fungus. 

The present data are in good agreement with 
those obtained for several fungi including: Neuro- 
spora crassa [12], Agaricus bisporus [13], Aspergil- 
lus flaous [14] and Phymatotrichum omnivorum [15]. 

Lea and Miflin [16] have indicated that the 
synthesis of glutamate is the primary mechanism 

of ammonia assimilation in plant cells. From 
glutamate, nitrogen can be incorporated in alanine 
by the action of aminotransferase as observed 
from 15N labelling in Cenococcum graniforme [17] 
and 15N nuclear magnetic resonance studies in N. 
crassa [18]. However, it has also been indicated 
that the reductive amination of pyruvate may be 
an alternative mechanism of alanine biosynthesis 
resulting from ammonia assimilation [19-21]. 
Whether the synthesis of alanine as well as glutamic 
acid is a primarily pathway by which amino com- 
pounds are formed from inorganic nitrogen re- 
mains to be investigated. 

4.2.1. Amino acid composition as affected by the 
nitrogen sources 

The constitution of the free amino acid pool 
was not changed by the form of nitrogen although 

Table 3 

Free amino acid composition of Sphaerostilbe repens grown in the presence of ammon ium chloride 

Results expressed a s / z m o l / g  of dry material. 

Calcium-containing medium Calcium-deficient medium 

Rhizomorphs Mycelium Mycelium 

8-day-old 24-day-old 8-day-old 24-day-old 8-day-old 24-day-old 
colonies colonies colonies colonies colonies colonies 

Aspartic acid 6.4 16.6 8.6 19.5 21.6 12.9 
Threonine 7.2 9.6 2.4 7.2 4.8 4.8 
Serine 21.9 26.6 16.4 20.8 16.4 10.9 
Glutamic acid 5.8 19.6 7.8 18.8 21.5 17.6 
Glutamine 21.3 15.5 39.4 29.6 31.5 23.6 
Proline traces traces traces traces traces traces 
Glycine 7.6 7.2 3.8 6.5 6.9 3.8 
Alanine 103.5 270 80.9 84.1 132.7 90.6 
Valine 2.4 4.9 2.4 4.9 4.9 2.4 
Cystine 1.1 1.4 1.1 1.5 2.3 2.3 
Methionine 1.3 0.9 0.9 1.1 1.7 1.1 
Isoleucine 1.9 2.1 1.7 2.1 2.6 2.1 
Leucine 1.5 3.5 1.5 2.1 2.6 2.1 
Tyrosine 1.5 4.7 1.5 3.9 3.9 3.1 
Phenylalanine 0.6 2.4 0.8 1.5 2.2 1.7 
fl-Alanine 1.9 4.1 1.2 3.8 5.1 3.2 
7-Aminobutyric acid 25.1 12.8 25.1 27.9 11.1 16.7 
Ornithine 1.3 0.8 0.8 0.8 0.4 0.6 
Lysine 1.9 11.2 1.9 10.2 3.7 3.9 
Histidine 1.8 4.2 1.8 5.1 2.4 3.7 
Tryptophan traces traces traces traces traces traces 
Arginine 8.2 16.5 11.5 19.8 12.9 14.9 



the concen t ra t ions  of  some were a l i t t le affected. 
Thus,  g lu tamic  ac id  levels were low in rh izomorphs  
and  mycel ia  cu l tured  on  a m m o n i u m  chlor ide  in 
the presence of  ca lc ium (Table  3). In  this case 
there was a subs tant ia l  decrease  in the aspar t ic  
ac id  and a lanine  contents ,  while ~,-aminobutyric 
ac id  showed a p ronounced  increase. 

I t  is l ikely that  in the presence of  ni trates,  
g lu t ama te  is conver ted  main ly  to a lanine  and 
aspar ta te  p r o b a b l y  by  t ransamina t ion ;  indeed,  
g l u t a m a t e - o x a l o a c e t a t e  a m i n o t r a n s f e r a s e  a n d  
g lu tamate -pyruva te  amino t rans fe rase  have bo th  

been  found  in Sphaerostilbe repens (Botton,  B., 
unpubl ished) .  In  the presence of  ammon ium,  
g lu t ama te  is p r e d o m i n a n t l y  deca rboxy la t ed  to "/- 
aminobu ty r i c  acid. This  la t ter  pa thway  has a l ready  
been  demons t r a t ed  by  using 15N-ammonium salts 
in the Ascomyce te  Cenococcum graniforme [22]. 

Al though  signif icant  morpholog ica l  changes 

149 

were induced  in the thallus,  exclusively quan t i t a -  
t ive var ia t ions  of  the free amino  acids  occurred.  
Similar  results  have a l ready  been  ob ta ined  with 
o the r  fungi when they were grown on different  
n i t rogen sources [15,23]. 

4.2.2. Amino acid composition as affected by the 
developmental stages of the fungus 

Conten ts  of  most  of the amino  acids increased 
dur ing  growth,  a lmost  doubl ing,  on average, be-  
tween the first and  the third week of  culture. Thus,  
a lan ine  was present  in re la t ively large amoun t s  
af ter  24 days  of  incubat ion ,  reaching as much as 
3.3% of  the d ry  rh izomorphs  (Table  2). 

Sulphur  amino  acids  (cystine, meth ionine)  were 
the exceptions.  The i r  levels were near ly  cons tan t  in 
bo th  the stages of  growth  (8 and  24 days),  tending  
to decrease  in the older  cells. The  most  s ignif icant  
decrease  of  cyst ine  was found  in rh izomorphs  cul- 

Table 4 

Free amino acid composition of Sphaerostilbe repens grown in the presence of ammonium nitrate 

Results expressed as ~mol/g of dry material. 

Calcium-containing medium 

Rhizomorphs Mycelium 

Calcium-deficient medium 

Mycelium 

8-day-old 24-day-old 8-day-old 24-day-old 8-day-old 24-day-old 
colgnies colonies colonies colonies colonies colonies 

Aspartic acid 27.7 8.8 19.3 21.9 14.5 15.5 
Threonine 14.1 14.1 6 9.5 3.9 5 
Serine 36.8 39.3 17.6 20.1 9.3 10.1 
Glutamic acid 33.5 36.9 31.7 34.1 21.4 16.4 
Glutamine 20.9 20.6 52.6 102.4 23.9 22.8 
Proline traces traces traces traces traces traces 
Glycine 6.6 9.9 3.9 4.4 2.6 2.6 
Alanine 127.1 129.5 32.3 312.9 66.4 65.3 
Valine 14.2 12.2 6.6 3.8 2.7 1.9 
Cystine 5.2 0.7 0.8 0.9 0.9 0.8 
Methionine 0.5 0.1 0.5 0.6 0.5 0.6 
lsoleucine 1.9 2.9 2.6 2.1 1.1 1 
Leucine 1.7 3.6 4.6 1.8 1.3 1.5 
Tyrosine 0.9 1.6 2.9 1.5 1.2 2.5 
Phenylalanine 0.7 0.9 1.9 0.6 0.6 1.2 
fl-Alanine 6.1 0.6 0.3 0.6 0.5 0.7 
~,-Aminobutyric acid 8.5 15.4 4.8 7 5.1 4 
Omithine 0.4 0.9 0.8 1.5 0.3 0.2 
Lysine 0.3 7.2 2.5 6.7 2.2 2.4 
Histidine 1.9 4.7 2.1 5.7 1.4 2.5 
Tryptophan traces 0.4 traces traces traces traces 
Arginine 5.1 15.3 6.8 13.6 0.1 traces 
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tured  on a m m o n i u m  ni t rate ,  that  favoured  the 
growth  of  the rh izomorphs  (Table  4). The  deple-  
t ion of  free cyst ine  in the cell might  be due to its 
mobi l i za t ion  in the cell walls when aggregat ion  of  
the hyphae  takes place,  because  organ  di f ferent ia-  
t ion in this fungus appea r s  to be a d i su lph ide  
g r o u p - d e p e n d e n t  p h e n o m e n o n  [24]. In  myce l ium 
and  in the thall i  which deve loped  in the absence  of  
calc ium,  concen t ra t ions  of  these amino  acids  re- 
ma ined  constant .  

4.2.3. Amino acid composition in the different parts 
of the thallus 

Almos t  all the amino  acids  were more  con- 
cen t ra ted  in rh izomorphs  than  in vegetat ive 
mycelia .  This  could  be re la ted to the fact that  
rh izomorphs  grow more  r ap id ly  than ind iv idua l  
f i laments  and  consequen t ly  must  have a very ac- 
tive metabol i sm.  However ,  some majo r  amino  
acids,  viz., aspar t ic  acid, g lutamine,  a lan ine  were 
more  a b u n d a n t  in the young  myce l ium grown on 
a m m o n i u m  (Table  3). 

4.2.4. Amino acid composition as affected by calcium 
Calc ium def ic iency genera l ly  induced  a de- 

crease  in the free amino  acid  contents  of  the cells. 
This  is pa r t i cu la r ly  true for arginine  and to a lesser 
ex tent  for orni th ine ,  especial ly  when the fungus 
was grown on a m m o n i u m  ni t ra te  (Table  4). This  
d rop  in these a m i n o  acid  contents  appea red  to be 
cor re la ted  with the presence of  less free urea in the 
cells [6]. These  observa t ions  are in teres t ing since 
urea  is a b y p r o d u c t  of  the orni th ine-cycle  when 
arg in ine  is r educed  [25]. Thus,  the presence  of  
arginine,  o rn i th ine  and  the pa t t e rn  of  free urea  
p roduc t ion  could  be an ind ica t ion  that  the 
orn i th ine-cycle  is opera t ive  in Sphaerostilbe repens. 
F u r t h e r  inves t igat ions  are  needed  to know the role 
of  ca lc ium in this pa thway .  

Aspa r t i c  acid and  a lanine  were, however,  more  
a b u n d a n t  in mycel ia  cu l tured  in the absence of  
ca lc ium on ni t ra te  and  ammon ium,  respect ively 
(Tables  2 and  3). 

F inal ly ,  ca lc ium seems to have a more  pro-  
nounced  e f fec t  than the forms of  ni t rogen.  In  the 
absence  of  the cat ion,  the decrease  i n  the pool  of 
free amino  acids  is p r o b a b l y  cor re la ted  with a less 
in tense  metabo l ic  activity,  as shown by  reduced  
growth  and di f ferent ia t ion.  
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