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The effect of several surfactans i. e. commercial antifoams on biosyn-
thesis of ergot alkaloids was studied. Addition of some surfactants of
polyglvcole structure and Tweens to submerged cultures of high-produc-
tive strain of C. paspali F-2057 caused a change in alkaloid synthesis
intensity. Pluronik (polyetoxypolypropoxy polymer) added in the range of
0.25 to 0.75% markedly stimulated the production of ergot alkaloids. The
Pluronik-supplemented culture reached maximal alkaloid yields one or two
days earlier than the control. Production of alkaloids increased twice. The
maximal yield achieved was 535 gL 1 with the process productivity
amounting to 17.2 mgL~h-1.

Introduction

The biosynthesis of ergot alkaloids is regulated genetically as part of
programs for culture differentiation and development and is controlled, like
the synthesis of some primary metabolites, by common mechanisms. Perma-
nent changes favouring alkaloid synthesis can be induced by manipulating
(mutation by chemical mutagens or by irradiation with UV light) the strain
genetic structure (Rehacek 1980 and 1983, Kren et al. 1986, Didek-
Brumec et al. 1987).

However, temporary changes and regulation in the biosynthesis of ergot
alkaloids can be induced by manipulation of cultivation conditions and
composition of medium. Biosynthesis of alkaloids depends on mechanisms of
control of tryptophan biosynthesis. Both, the biosynthesis of alkaloids and
the biosynthesis of tryptophan are inhibited in the culture of C. purpurea by
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inorganic phosphate at concentrations that are optimal for the culture growth
or do not inhibit the growth (Pazoutova et al. 1981, 1984). Incrased
concentrations of inorganic phosphate, however, do not inhibit alkaloid
synthesis in the culture of C. paspali (Matosic et al. 1983).

Aeration of the cultivation liquid has an opposite effect on the alkaloid
production. A decreased respiration is one of the possible ways of increasing
alkaloid formation. However opposite opinion has also been expressed (R e -
hacek 1980). Desaietal. (1986) and Mizrahi and Miller (1969)
increased the production of alkaloids twice by adding Tween 80 to the
cultivation medium containing a submerged culture of C. paspali. Dimethyl-
sulfoxide increases the alkaloid yield by 50%. Both these surfactants affect
permeability of the cytoplasmic membrane. By disturbing the permeation
barrier, the cells increase the liberation of alkaloids from the region of their
synthesis and thus prevent possible feedback inhibition (Rehacek 1980).
Surfactants do not affect the biosynthetic pathway (Mizrahi and Miller
1968).

Increase of alkaloid formation by the addition of Tween 80 is accompa-
nied by a shift in the organic acid and amino acid level in the cell pool
(Rehacek 1971). From this it follows that the alkaloid biosynthesis is
regulated by the level at the intracellular precursors of the primary metabolites.
An increased concentration of numerous metabolites in the cell pool can also
be attained by increasing the medium osmolarity. High osmolarity may favour
production of alkaloids if in this way the carbon source may serve this
function in addition to its nutritional role (To no 1o 1967, Rehacek 1991).
In this regard, NaCl may spare some of the sugar requirement (Puc 1977).

The effect of different commercial surfactants, used in fermentation
industry on biosynthesis of ergot alkaloids, was the subject of investigation
presented in this paper.

Materials and Methods

The microorganism Claviceps paspali F-2057 from the Collection of the
Department of Biochemical Engineering, Faculty of Food Technology and
Biotechnology, University of Zagreb, was used in this study.

Culture media: Medium from maintenance of the culture was potato
infusion-glucose-agar. Seed cultures were prepared in the medium (gL-1 tap
water): succinic acid neutralized with ammonia to pH 5.2 50; mannitol 40;
KHZ2 041: MgS04+7H,0 0.3. The production media (M atosic et al. 1984)
contained (gL-1 tap water):

(A) succinic acid neutralized with ammonia to pH 5.2 50; mannitol 60;
KH2 041 MgS04-7H2D 0.3.

(B) mannitol 200; bacto peptone 90; KH2 041; MgS04-7HD 0.3; pH 6.4.
Media were sterilized for 30 min./110 °C.

Surfactants added to the media were commercial antifoams for fermenta-
tion processes, and are commercially known as: Tween 60, Tween 80, PEG,
500, PEG 150, Kontramin 24, Span 80, Pluronik L61 SCU, Etopon LSP,
Concentrations used were (% V/V):0.01; 0.05; 0.10; 0.25; 0.50; 0.75.

Cultivation: culture was maintained on agar plates, and 2-weeks old
single colony was used for inoculating the medium in each seed flask. All
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fermentation experiments were carried out in two stages: a seed-stage fermen-
tation for 6 days; a production-stage fermentation for 14 days: inoculated
with 10% of the seed culture homogenized in a Waring blendor (14 000
min“J. Cotton-wool-plugged 500 ml Erlenmeyer flasks containing 100 ml of
culture media were incubated at 24 °C on a rotary shaker with a 6 cm stroke.

Analytical determination: alkaloids were determined spectrophotometri-
cally, with reference to a standard solution of ergometrin base, by van Urk
reagent (B ank s et al. 1974). Biomass dry weight was determined by filtration
and drying at 105 °C.

Results and Discussion

Several commercial surfactants were expected to improve the biosynthesis
of ergot alkaloids. Unfortunately because of the complexity of metabolism of
microorganism and the polymer structure of surfactants, empirical way is the
only possible way to choose the appropriate antifoam for each single fermen-
tation process. Two of surfactants chosen and used in this work were silicones
(Etopan, Kontramin) and six others were different polyglycols. The results in
Table 1 and Figures 1, 2, 3 and 4 show that Tweens Polyethyleneglycole 1500,
Span and Pluronik (polyetoxypolypropoxy polymers) promote the rate of
alkaloid production. Two different effects were obtained: shorter time of

Table 1 Productivity of the process of alkaloid biosynthesis in relation to addition of surfac-
tants to the medium

Maxirrel alkaloid yields Process Biomess
Surfactants drvweight
(concentration %) Daysof  Concentrati- %of (mg-L-'h-3)  (gL™)
cultivation  on(gL-") control
Control (0) 14 100 7.90 15.5()
(A) Tween 60 (0.75) 14 3.23 12 9.6 23.0
Tween 80 (0.75) 14 4.00 148 119 143
Etopon LSP (0.01) 0 0 0 0 0
PEG 500 (0.01) 0 0 0 0 101
PEG 1500 (0.25)- 13 3.18 120 10.2 20.2
Kontramin 24 (0.01) 14 1.65 62 4.9 159
Span 80 (0.75) 14 5.30 195 15.8 212
Pluronik
L61SCU (0.25) 13 5.40 214 17.3 10.3
(B) Tween 60 (0.75) 16 5.20 179 135 35.7
Tween 80 (0.75) 14 4.06 150 121 19.6
PEG 1500 (0.75) 12 3.25 130 113 245
Span 80 (0.75) 14 3.10 115 9.2 20.7
Pluronik
L61SCU (0.75) 12 5.00 195 17.3 15.6
1—Average value
A-Medium A
B —Medium B
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Fig. 1. Course of the process of alkaloid biosynthesis in relation to the concentration of surfactant
Tween 80 added to the medium (cultivation in medim A). Concentrations of Tween
80(%): 0 - 0; + - 0.05; O- 0.10; » -0.25; - 0.50; x - 0.75.

process duration when PEG 1500 and Pluronik were added to the medium
(Figure 3, Table 1); and increase of maximal yields with five surfactants (Tween
60, 80; PEG 1500; Span; Pluronik) added to the fermentation medium. The
maximal yields were reached in Pluronik-supplemented cultures (5.40 gL*“J),
with the process productivity which amounted to 17.3 mgL_lh_1, or more
than twice as much as control (Table 1).

Silicone antifoams used in experiments completely inhibit metabolism
and growth of C. paspali, which generally agrees with the suggestion of
Smith and Davis (1980), that silicones seem to provide good antifoam
action with bacteria, while polyglycols are more effective with fungi. Inhibi-
tion of alkaloid biosynthesis caused by PEG 500 added to the fermentation
medium, could be explained by a lower molecular weight of PEG 500
molecules in relation to PEG 1500 polymer (Table 1).
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TIME /day

Fig. 2. Course of the process of alkaloid biosynthesis in relation to the concentrations of
surfactants Span 80 added to the medium (cultivation in medium A). Concentrations of
Span 80%:0- 0; « - 0.05; O- 0.10; » —0.25; ™ - 0.50; x - 0.75.

By changing the media composition (namely by replacing ammonia
nitrogen by amino nitrogen of peptone) the effect of surfactants on the
intensity of alkaloid synthesis also changed. The positive effect of Span
diminished, but the effect of Tween 60 increased from 12% to 79%. Probably,
the addition of Tween 60 to the medium, as can be seen in Figure 4, supports
the growth of microorganism by facilitating transport of metabolites into the
cells, with simultaneous increase of the intensity of alkaloid synthesis. There
are some possible explanations of the effect of antifoams i. e. surfactants on
the biosynthesis of ergot alkaloids.
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Fig. 3. Course of the process of alkaloid biosynthesis in relation to the concentrations of
surfactant Pluronik L61SCU added to the medim (cultivation in medium A). Concentra-
tions of Pluronik L61SCU (%): o - 0; » - 0.05; O- 0.10; » - 0.25; ~ - 0.50; x - 0.75.

Surfactants probably, by wetting and lowering surface tension of the
medium, affect the permeability of cytoplasmic membrane. By disturbing
permeation barrier, the cells increase the liberation of alkaloids from the
region of their synthesis and thus prevent possible feedback inhibition.
Surfactants do not affect the biosynthetic pathway but promote the utilization
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TIME [/ day

Fig. 4. Effect of surfactant Tween 60 on biosynthesis of ergot alkaloids during the cultivation C.
paspali F-2057 in medium A (----- ) and medium B(----- ).
Concentrations of Tween 60(%): o- 0; 1 - 0.25; - 0.50; x - 0.75.

of metabolites (Mizrahi and Miller 1969). The alkaloids formation by
addition of surfactants is also accompanied by a shift in organic and amino
acid level in the cell pool, which are intracellular precursors of alkaloid
biosynthesis (R ehacek 1971, 1980).

Conclusion

Addition of several polyglycols and Tweens to submerged cultures of high
productive strain of Claviceps paspali F-2057 caused a temporary change in
alkaloid biosynthesis intensity. Two different effects were obtained: (1) shorte-
ning of process duration and (2) increasing the maximal yields of alkaloids.
The maximal yields reached in the Pluronik-supplemented cultures of C.
paspali increased twice in relation to control.
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SAZETAK

UTJECAJ TVARI ZA SPRECAVANIE PJENJENJA NA BIOSINTEZU
ERGOT-ALKALOIDA PRI KULTIVACUI VISOKO PRODUKTIVNOG SOJA
CLAVICEPS PASPALI F-2057

Sreéko Matosi¢, Milena Mehak, Jagoda Suskovi¢, Zoran Golob

(Prehrambeno-biotehnolodki fakultet Sveucilista u Zagrebu)

Proucavan je utjecaj nekoliko razlicitih povrsinski aktivnih tvari, odnosno
komercijalnih tvari za spreCavanje pjenjenja fermentacijskih hranjivih podloga
na biosintezu ergot-alkaloida. Dodatak povrsinski aktivnih tvari poliglikolne
strukture i tweena u hranjivu podlogu pri kultivaciji visoko produktivnog soja
Claviceps paspali mijenja intenzitet biosinteze alkaloida. Dodatak pluronika
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(polietoksipolipropoksi polimera) u koncentraciji od 0.25 do 0.75% znakovito
potiCe proizvonju ergot-alkaloida. Pri kultivaciji uz dodatak pluronika maksi-
malni prinosi alkaloida se postiZu jedan ili dva dana ranije nego pri kontrolnoj
kultivaciji, a proizvodnja alkaloida je bila udvostrucena. Maksimalni postignuti

prinosi iznose 5,40 gL~', pri proizvodnosti procesa 17,3 mgL_ih_".
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