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12.1. INTRODUCTION

12.1.1. History

Biological, non-parasitic production of ergot alkaloids is carried out by saprophytic
cultivation of production strains of different species of the genus Claviceps. The
saprophytic cultivations of Claviceps spp. were experimentally performed as early
as in the last century (Bové, 1970). Mycelial saprophytic cultures in nutrient
media were reported since the 1920s (Bonns, 1922; McCrea, 1931; Schweizer,
1941; De Tempe, 1945). These experiments provided the basis of cultivation of
the fungi Claviceps under artificial nutritional conditions but did not yet serve
for alkaloid production or were not reproducible (McCrea, 1933).

Successful work oriented at the directed use of the saprophytic cultivation for
alkaloid manufacture depended on the isolation of clavine alkaloids from
saprophytic cultures (Abe, 1951; Abe ef al., 1951, 1952, 1953). The processes
developed in a number of laboratories aimed at the industrial production of
therapeutically applicable alkaloids or their precursors (Stoll et al., 1953; Stoll et
al., 1954a; Rochelmeyer, 1959; Rutschman and Kobel, 1963a, b; Rutschman ez
al., 1963). (For the history of Claviceps fermentation see Chapter 1 of this book.)

Fermentation makes possible to produce ergopeptines, paspalic acid, simple
derivatives of lysergic acid and clavine alkaloids. Ergopeptines can be used for
therapeutical purposes directly or after semisynthetic modification. Simple
derivatives of lysergic acid, paspalic acid as well as clavines serve as a basal
structure for the subsequent semisynthetic production of pharmaceutically
utilizable alkaloids. From the simple derivatives of lysergic acid only ergometrine
is used in therapy. (For details see Chapter 13.)

12.2. PRODUCTION MICROORGANISMS

12.2.1. Sources

Fermentation production of ergot alkaloids based on saprophytic cultivation
of production strains selected from different species of the genus Claviceps
represents the most important way of biological production of the alkaloids.
However, also other filamentous fungi, able to produce ergot alkaloids, can
serve as a source of production strains. (For more details see Chapter 18 of this
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book.) The patent literature mentiones, besides Claviceps, only fungi of genera
Aspergillus (Siegle and Brunner, 1963), Hypomyces (Yamatoya and Yamamoto,
1983) and Penicillium (Kozlovsky et al., 1979). In the Claviceps fungi, selection
of strains has been described for the species C. purpurea, C. paspali and C.
fusiformis. The use of tissue cultures of plants of the Convolvulaceae family
represents so far only theoretical possibility.

Saprophytic cultures can easily be obtained from sclerotia of the appropriate
species of Claviceps. After pre-soaking with ethanol or propanol, the sclerotium
surface is sterilized by a suitable agent—resorcinol, mercury dichloride or Lugol
solution (Desai et al., 1982b; Mantle, 1969; Strnadova et al., 1986). After
washing under sterile conditions, the plectenchymatic tissue of the sclerotium
is cut and the slices are transferred on the surface of an agar growth medium.
Another method of inoculum preparation by mechanical decomposition of a
sclerotium was described by @icieovd and @ehdeek (1968). Preparation of a
saprophytic culture from the honeydew of a host plant invaded by Claviceps
sp. was also described (Janardhan and Husain, 1984). A surface saprophytic
mycelium starts growing on the medium and different asexual spores are
generated on the hyphal tips. They are mostly classified as conidia. These spores
are used for the further transfer and culture propagation, monosporic isolation
(Kybal et al., 1956; Necasek, 1954) and the following stabilization of the culture.

Culture isolation from ascospores is another method. A fungal sclerotium,
after a cold storage period, forms under suitable conditions fruiting bodies.
After ripening they release sexual ascospores, which germinate on the surface
of an agar medium and form the saprophytic mycelium (Vasérhelyi e al., 1980Db).
Monosporic isolation can be performed both directly with the ascospores or
with asexual spores formed during the further saprophytic cultivation of a
mycelium grown up from an ascospore.

12.2.2. Breeding and Selection of Production Strains

Classical methods of selection pressure, mutagenesis and recombination or their
mutual combinations, can be applied to breeding production strains for
fermentative alkaloid production. With the Claviceps fungi these methods are
to a certain extent complicated by an incomplete information about the cell
nucleus for a number of potential sources. The production strains are often
highly heterogeneous and include both heterokaryotic and homokaryotic ones
(Amici et al., 1967c; Didek-Brumec et al., 1991a; Mantle and Nisbet, 1976;
Olasz et al., 1982; Spalla et al., 1969; Strnadovd and Kybal, 1974). (See also
Chapter 5 on the genetics of Claviceps.)

Nutrient components are mostly used for selection pressure. Such principle
of selection in growth media, simulating the composition of phloem juice of a
host plant, is described by Strnadovd et al. (1986). Another example is, e.g.,
acquisition of new strains with modified production qualities through
regeneration of protoplasts (Schumann et al., 1982, 1987).
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The principles of mutagenesis of ergot alkaloid producers are the same as
those used in bacteria and fungi. According to the literature, physical mutagenes
are often used as mutational agents—UV light (Nordmann and Barwald, 1981;
Strnadovd, 1964a, b), X-rays and gamma irradiation (Zalai et al., 1990).
Chemical agents include derivatives of N-nitrosoguanidine and nitrosourea,
ethyl methane sulfonate (Keller, 1983) or their combinations (@ehieek et al.,
1978a), and nitrous acid (Strnadova and Kybal, 1976).

The simplest way is to expose to the chemical or physical mutagens a
suspension of fungal spores. This technique facilitates the subsequent simple
monosporic isolation, cultivation and selection of isolates originating from a
single cell. Problems arise when asporogenic fungal strains are to be selected. In
this case a suspension of hyphae or hyphal fragments can be directly exposed
to a mutagenic agent, but it brings difficulties with culture heterogeneity in the
subsequent transfer and selection. In this case it is advantageous to perform the
mutagenesis on protoplasts (Kgen et al., 1988c¢). Protoplasts can be also prepared
from spores of sporulating strains. When protoplasts are used, the mutation
frequency is much higher (Baumert et al., 1979b; Keller, 1983; Olasz et al.,
1982; Zalai et al., 1990).

Mutants were also prepared with the ergot alkaloid biosynthetic pathway
blocked on different levels (Maier et al., 1980a; Pertot et al., 1990). When
supplemented by a modified precursor these strains can be employed for effective
mutational biosynthesis (Erge et al., 1981; Maier et al., 1980Db).

With Claviceps spp., breeding using DNA recombination can be done in
two basic ways—meiotic recombination and fusion of protoplasts. In former
method a corresponding strain is cultivated parasitically to form a sclerotium
which, after its germination, then serves as the source of sexual ascospores
(Tudzynski et al., 1982; Vasarhelyi et al., 1980b). Protoplast fusion methods
have been therefore elaborated for the common species C. purpurea, C. paspali
and C. fusiformis. A problem of genetic markers had to be solved since the
markers of auxotrophy or resistance against fungicides in most cases negatively
influence the alkaloid production level of progeny strains (DidekBrumec et al.,
1991b). To eliminate these disadvantages, methods were developed resulting in
nearly 30% increase of production compared to parent strains (Didek-Brumec
et al., 1992, 1993). Interspecies hybrids that have been prepared by fusion of
protoplasts from C. purpurea+C. paspali (Spalla and Marnati, 1981) and C.
purpurea+C. fusiformis (Nagy et al., 1994) represent further possibilities of
selection of production strains. A question remains to what extent these hybrids
will be stable during manifold transfers.

Application of the above methods is followed by selection of isolates having
higher production capability or altered in some other way. The testing of all
isolates in submerged cultivation on a shaker or by stationary surface cultivation
imposes a high material requirements. Correlations were therefore studied
between morfological and physiological characteristics and alkaloid production
(Srikrai and Robbers, 1979). Selection methods based on pigmentation
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(Borowski et al., 1976; Kobel and Sanglier, 1976; Molnar et al., 1964; Udvardy
Nagy, E. et al., 1964; Wack et al., 1973), specific colour reaction (Zalai et al.,
1990), fluorescence (Gaberc-Porekar et al., 1981, 1983), enzyme activity profiles
(Schmauder and Groger, 1983) or antimicrobial effects of clavine alkaloids
(Homolka et al., 1985) were worked out.

In the following steps an intimate selection can be performed on shakers or
in laboratory fermentors for submerged or stationary cultivation. For the most
promising isolates these works are organically interconnected with optimization
of a medium and production conditions.

Developments of molecular biology and genetics of the genus Claviceps open
new perspectives in obtaining of suitable production organisms (for more details
see Chapter 4 in this book).

12.2.3. Maintenance Improvement

Selected high-yielding strains of Claviceps spp., similarly as those of other
microorganisms, degenerate (Kobel, 1969). Also, problems of transfer of original
cultures in a fermentation technological process are connected with this fact.
Different producers of clavine alkaloids born to be transferred 6-9 times without
decrease of producing capability (Malinka ez al., 1988).

It is necessary to maintain the optimal qualities of a selected production
strain by two parallel ways—conservation and dynamic ones. The conservation
way consists in keeping of stock cultures of the production strain under
conditions of maximal possible elimination of biological effects given by transfer
of cultures, ageing and other external influences. The dynamic way comprises
systematically performed selection in the frame of the maintenance improvement,
which consists in continual testing of monosporic isolates (in sporogenic lines)
or at least hyphal isolates (in asporogenic lines) made from stock cultures of the
production strain, and positive choice of a culture with optimal producing
qualities for the subsequent work. This activity can be a part of optimization of
other factors having an influence on a level and parameters of production of
the final product. Here, there is also possible to apply the before-cited procedures
of rational selection and apply selection pressure methods.

12.2.4. Long-Term Preservation of Production Strains

For long-term preservation of the production strains of Claviceps common
methods used for other fungi can be applied as reviewed e.g. by Kirsop and
Snell (1984) and by Hunter-Cervera and Belt (1996). Besides preservation of
sporulated cultures on rye grains placed in a refrigerator or a deep-freezer it is
also possible to keep frozen dried suspensions or gelatine disks. First of all non-
sporulating strains, being more sensitive to different conservation procedures,
can be preserved as cultures on agar plates under a mineral oil or, for a single
use, as a suspension of mycelium at—18°C (Kden et al., 1988c). Keeping of
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lyofilized cultures and cultures frozen in liquid nitrogen are probably the most
universal methods, though technically more complicated. Beemek (1981)
compared these methods with different Claviceps strains and found that the
both are suitable. During lyofilization diverse protective media are applied, e.g.
serum, milk, peptone, sugars, sodium glutamate or combinations of previous
(Chomitova et al., 1985; Ustyuzhanina et al., 1991). Procedures of lyofilization
of non-sporulating strains are described by Keen ez al. (1988c) and Pertot et al.
(1977). A modification of the lyofilization process for preservation of cultures
from regenerated protoplast was worked out by Baumert et al. (1979b).

As a theoretical alternative seems a method according that strains, which
produce ergot alkaloids saprophytically, are preserved as sclerotia formed on
an infected, proper host plant, e.g. rye for strains of the species Claviceps
purpurea. Viability of the sclerotia when stored in refrigerator is several years.
Questions of contingent changes of strain production characteristics due to
alternation of saprophytic and parasitic phases were treated by Breuel and Braun
(1981), and Breuel et al. (1982). During surface stationary production of peptide
alkaloids it was possible to keep production strain in the form of dried mycelium
at 4°C for 3 years without any influence to production capability (Kybal,
Malinka, unpublished results).

As a source of production strains serve internationally established culture
collections (e.g. ATCC, CBS, CCM, NRRL) or collections in certain institutes
(e.g. MZKIBK—Cimerman et al., 1992). However, industrially usable strains
are mostly patented; in the collections they are stored according to the Budapest
Convention and not commonly accessible.

12.3. FERMENTATION TECHNOLOGY

All species of ergot alkaloid producers from the Pyrenomycetes class as well as
an overwhelming majority of other fungal producers are parasites of different
plants and fungi. Principle of saprophytic cultivation is growth of a production
fungi on a synthetic medium. The saprophytic cultivation makes possible better
optimization of a production level, elimination of biosynthesis of accompanying
undesirable matters and regulation of ergot alkaloids production through
rational outside interventions. On the other side it is much more exacting on
the technological equipment. All industrially adopted processes have the same
basic aim—the maximal production of a matter with the minimum of undesirable
compounds, got in the shortest time with minimized costs of medium, equipment
and labour.

For ergot alkaloid manufacture different fermentation technologies can be
employed. In principle, they can be produced by (i) stationary cultivation, when
microorganisms are growing on the surface of a cultivation medium, both liquid
(Abe, 1951; Kybal and Vleek, 1976; Malinka, 1988) and solid (Trejo-Herndndez
et al., 1992; Trejo-Hernandez and Lonsane, 1993), or (ii) submerged cultivation
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with agitation of a suspension of microorganisms (Abe et al., 1951; Amici et al.,
1966; Arcamone et al., 1960; Bianchi er al., 1976; Kobel and Sanglier, 1986).
Semicontinuous and continuous cultivations (Kopp and Rehm, 1984; Kgen et al.,
1986b) as well as those using immobilized microorganisms (Komel et al., 1985;
Kopp and Rehm, 1983; Keen et al., 1989a) represent specific modifications of the
submerged cultivation. General reviews of biosynthesis and production of ergot
alkaloids were published by a number of authors (Esser and Divell, 1984; Kobel
and Sanglier, 1986; Kgen et al., 1994; Mantle, 1975; @ehieek, 1983a, b; 1984,
1991; @ehieéek and Sajdl, 1990; Robbers, 1984; Soeié and Gaberc-Porekar, 1992;
Udvardy Nagy, 1980). (For special cultivation procedures see the Chapter 7.)

In all types of fermentation it is necessary to use optimized media. Generally,
the cultivation media should fulfill the same requirements as those for saprophytic
cultivation of other fungi, i.e. they have to contain sources of energy, carbon,
nitrogen, phosphorus and with advantage also certain trace elements and some
complex matters. Price of the medium should always be taken into account and
optimal variants be chosen from the point of view of costs per an unit operation.
(For media components and physiology of production see Chapter 6.)

During the production phase, according to a kind of fermentation and
elaboration of a given fermentation process, it is desirable to follow utilization of
individual nutrients, activities of particular enzymes and a course of the proper
synthesis of the alkaloids. It is also necessary to control and regulate basic physical
and physico-chemical parameters of the culture—pH, dissolved oxygen
concentration, dissolved carbon dioxide concentration, concentration of carbon
dioxide in outlet, temperature, pressure, agitator speed or other physical
characteristics typical for a given kind of fermentation and a type of fermentor
used. During the pre-inoculation and inoculation phases, depending on
requirements of their optimal course, only some fermentation parameters should
be controlled and measured. Values of these parameters and their course during
cultivation cannot be generalized for they are very often specific for the each
production strain and the sort of the end product. To industrial production of the
ergot alkaloids there are related pertinent regulations and requirements of the state
and international institutions and offices (Priesmeyer, 1997). Basic pharmacopoieal
demands on fermentation processes are presented by Anonymous (1997).

Specific problems of fermentation production of the ergot alkaloids consist
in microbial contamination. Compared to an overwhelming majority of other
secondary metabolites production processes, fermentation of the ergot alkaloids
is marked by two negative factors—slow growth of mycelium on rich media
and none or weak antibiotic activity of the produced alkaloids. In spite of
reported antibacterial effect of clavine alkaloids (Eich and Eichberg, 1982; Eich
et al., 1995) probability of their pronounced exercise in autoprotection against
contamination is only small. For these reasons an effect of broad spectrum
antibiotics on the production strain of C. fusiformis W1 was investigated (Bgemek
etal., 1986b; Kgen et al., 1986a); chloramphenicol was found as the most suitable
antibiotic. Its use can be advantageous also in semicontinuous and continuous
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processes (Kgen et al., 1985; Kgen et al., 1986b). Kopp (1987) having been working
with immobilized cells of Claviceps used streptomycin. The positive effect of
streptomycin and the negative one of oxytetracycline and nystatin on production
of alkaloids by not closer specified strain of Claviceps described Slokoska et al.
(1992).

12.3.1. Stationary Surface Cultivation

The stationary cultivation is commonly used for stock and starting cultures (growth
on the surface of an agar medium) without respect what a kind of cultivation
process will be used in the production phase. On the production scale there are in
particular described processes where fungal mycelium capable to produce ergot
alkaloids was growing on the surface of a liquid medium (Adams, 1962; Kobel et
al., 1962; Kybal et al., 1960; Molnar et al., 1964; Rochelmeyer, 19635; Stoll ez al.,
1953; Strnadova et al., 1981, 1986). Necessity of gaining the surface as large as
possible under aseptic condition and difficulties of automation represent the main
problems of that kind of cultivation. An equipment for the stationary cultivation
representing a simple stationary fermentors (Figure 1) was developed (Vléek and
Kybal, 1974; Kybal and Vléek, 1976) with plastic bags filled by the inoculated
medium. The bags are manufactured by cross welding of a sterile polyethylene
hose of a proper width. After that the bags are filled up by the inoculated medium
and equipped by manifolds for controlled aeration (Malinka, 1982). During the
following stationary fermentation, which is performed in a tempered room, the
mycelium is growing on the surface of the medium. The water soluble alkaloids
are excreted into the medium whilst the hydrophobic ones remain in the mycelium
as intracellular metabolites. Manipulation with the filled cultivation bags can be
performed by a high lift truck, commonly used in stores (Figure 2). Large
cultivation area is an advantage of the plastic bag cultivation while the fact that
each bag during long-term cultivation behaves as a separated fermentor made
problems with product standardization. Even if manipulation with the bags is
mechanized the load of workers during bag filling and harvesting of a mycelium
produced is increased. More exacting cleaning of the used polyethylene foil prior
to recycling represents a non-negligible aspect, as well. Into the industrial scale
this method was introduced for production of ergocornine, and a- and f-
ergokryptine.

The stationary surface cultivation in the plastic bags can also be adopted for
production of physiologically active asexual spores of production strains of
Claviceps purpurea (Fr.) Tul., which are used as an infection agent at field
parasitic cultivation of ergot (Harazim et al., 1984; Valik and Malinka, 1992).
This methods is employed for cyclosporin A production (Mat’ha, 1993; Mat’ha
et al., 1993), for cultivation of entomopathogenic fungi with the aim of
production of spores used in manufacturing of bioinsecticides, and for cultivation
of the mould Trichoderma harzianum producing mycofungicide (Kybal and
Nesrsta, 1994; Nesrsta, 1989).
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Figure 1 Flowsheet of stationary surface cultivation in plastic bags

Kybal and Strnadova (1982) described also other, technically more complicated
equipments for stationary surface cultivation to prepare inoculum for field parasitic
cultivation of ergot.

12.3.2. Submerged Cultivation

The submerged cultivation is used for manufacturing of different microbial
products and of ergot alkaloids as well. By the means of laboratory scale
submerged cultivation most of knowledge of biogenesis of the ergot alkaloids
and physiology of their producers was gained. Contemporary expertise makes
possible to control effectively individual production stages, influence
biosynthesis of alkaloids and to a considerable extent eliminate unfavorable
factors typical for selected high producing strains, such as e.g. loss of
sporulating capability, production of glucans and minimal adaptation to
variable cultivation conditions.
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Figure 2 Stationary cultivation equipment

A basis of the submerged fermentation on laboratory scale as well as the
primary step in an overwhelming majority of industrial scale processes is a
shaker culture (Figure 3). In industrial scale production the aim of this cultivation
is to obtain a sufficient amount of inoculum for the next cultivation step. Medium
composition is subordinated to the aim of reaching fast germination of spores
of production microorganism and fast growth of mycelial hyphae, or, as the
case may be in specific processes, fast sporulation, and obtaining a mixture of
hyphae and asexual spores.

For inoculation there is usually used a suspension of spores and/or hyphae
of the aerial mycelium from the surface of primal cultures growing on agar
solid media, or hyphal fragments when non-sporulating strains are worked
with. Lyofilized cultures or microorganisms kept in liquid nitrogen can be also
used as an inoculating material.

Preparation of the shaker cultures is usually made on rotary shakers. If for
some production strains less mechanical stress of hyphae is more suitable,
reciprocal shakers can be used. The shaker culture can be replaced by a culture
from a laboratory fermentor.

The following steps are always run in fermentors. Volume of the end
production step is decisive for the number of previous cultivation steps for
propagation of necessary amount of inoculum. During the inoculum preparation
it can be also advantageously manipulated to evoke an optimal state of the
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Figure 3 Cultivation of shaker culture

culture for biosynthesis of ergot alkaloids in the production step (Soéié et al.,
1985, 1986). Most often there are three cultivation steps, viz. cultivation in
pre-inoculating tanks, seed tanks and production fermentors (Figure 4).
Increasing the number of the cultivation steps is usually undesirable for with
increasing transfers production capability of the culture is diminished. This
fact limits also the possibility of recirculation of a part of the cultivation medium
from the production step for inoculation of the following cultivation.

Similarly as at other filamentous fungi, during Claviceps cultivation
fermentors have to be used enabling to work with viscous media. Non-newtonian
character of liquid flow becomes obvious only during the course of cultivation,
on the one hand due to growth of hyphal filaments, on the other hand because
of production of glucans.

12.3.3. Alternative Fermentation Processes

Ergot alkaloids can be manufactured also by alternative fermentation processes,
e.g. by those using nontraditional substrates or immobilized cells of Claviceps
spp. or their subunits. Semicontinuous or continuous cultivations represent other
alternatives of the saprophytic cultivation.

Stationary solid state cultivation on the surface of solid substrates soaked by
a liquid medium has been reported by Trejo Hernandez et al. (1992) and Trejo
Herndandez and Lonsane (1993). In these studies, growth and production of
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alkaloids were investigated with different species of the genus Claviceps on sugar-
cane pith bagasse and significant dependence of the production level and the
spectrum of synthesized alkaloids on composition of the medium used for solid
substrate impregnation was found. However, there is discussible a possibility of
application of this process on the industrial scale.

Other alternative types of cultivation are described in Chapter 6.

12.4. MANUFACTURE OF CLAVINE ALKALOIDS

After transfer to a saprophytic culture a number of parasitic strains of ergot,
both wild or improved, is able to synthesize only clavine alkaloids and lose the
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ability to perform subsequent biosynthetic steps. For this reason a vast number
of production strains exists, most frequently of the species Claviceps purpurea,
e.g. CP 7/274 CCM F-632 (@ehaéek et al., 1978b), 88-EP/1988 (Koen et al.,
1988c), IBP 182 ZIMET 43673 (Schumann et al., 1984), IBP 180 ZIMET PA
138 (Baumert et al., 1979a), Pepty 695/e (Erge et al., 1984), Pepty 695/ch-I
(Groger et al., 1991; Maier et al., 1988a,b), 59 CC 5/86 (Behaeek et al., 1986a),
SL 096 CCM F-733 (Flieger et al., 1989b), EK 10 (Pazoutova et al., 1990),
AA218 (Harris and Horwell, 1992), CBS 164.59 (Kopp, 1987) and C. fusiformis,
e.g. W1 (Keen et al., 1985), F 27 (Keen et al., 1985), MNG 00211 (Trinn et al.,
1983), NCAIM 001107 (Trinn et al., 1990), CF 13 (Rozman et al., 1985, 1987).

The species Claviceps paspali has been reported only sporadically, e.g. strain
DSM 2838, a producer of festuclavine (Wilke and Weber, 1985a) and strains Li
342 (ATCC 34500) (Erge et al., 1972) and Li 342/SE 60 (Groger, 1965),
producers of chanoclavine-I; the same holds for not closely identified strains of
the genus Claviceps, e.g. DSM 2837, which produces chanoclavine (Wilke and
Weber, 1985b), IBFM-F-401, a producer of elymoclavine (Kozlovsky et al.,
1978), and the strains 47A and 231, from whose cultures norsetoclavine was
isolated for the first time (Ramstad et al., 1967).

The patent literature reports, besides the genus Claviceps, also strains
Hypomyces aurantus ITFO 773, which produce ergocornine, agroclavine,
elymoclavine and chanoclavine (Yamatoya and Yamamoto, 1983), and
Penicillium corylophillum IBFM-F-152 (Kozlovsky et al., 1979), which produces
epoxyagroclavine I.

A number of clavine alkaloids, in addition to the mentioned fungal species,
was isolated also from Claviceps gigantea, Claviceps spp. originating from
different host plants, fungi of the Penicillium, Aspergillus, Rhizopus and other
genera, and from seeds of plants of the Convolvulaceae family. A review was
compiled by Flieger et al. (1997). Apart from the genus Claviceps, nothing is
known about other fungal species employed in the selection of industrially
applicable production strains, except for the two above cases. It is, however,
possible that some isolates of Claviceps sp., mentioned in connection with the
isolation of certain clavine alkaloids, served as a starting material in the selection
of production strains (Stoll ez al., 1954b).

12.4.1. Production of A%°-Ergolenes

Industrial processes for manufacture of agroclavine and elymoclavine are best
elaborated among the methods for acquiring of clavine alkaloids. Due to the
direct biosynthetic succession of these alkaloids they are usually produced in
mixtures (Adams, 1962; Baumert et al., 1979b; Boemek et al., 1986¢, 1989; Erge
et al., 1984; @ehaéek er al., 1978a, b, ¢; 1984a; 1986b; Pehdeek and Rylko,
19835; Takeda Pharm. Ind. 1956; Trinn et al., 1983; Wack et al., 1966; Windisch
and Bronn, 1960; Yamatoya and Yamamoto, 1983).

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 333

As a substrate for subsequent chemical operations elymoclavine is superior to
agroclavine and efforts were therefore made to develop processes leading to
elymoclavine production with maximal possible elimination of agroclavine.
Generally, this goal can be achieved by selecting proper production strains and
by optimizing cultivation conditions. The direct biosynthetic succession of the
two alkaloids makes it possible to use also bioconversion processes.

Production strains for elymoclavine manufacture and general cultivation
conditions have been described in a number of patents (Kozlovsky et al., 1978;
Koen et al., 1985, 1988c; @ehaéek et al., 1984b; Schumann et al., 1984; Trinn et
al., 1983, 1990). In addition to the patent literature many works refer to results
of investigation of individual aspects of physiology and biochemistry of clavine
alkaloid synthesis. These works were done either directly with production
strains, e.g. C. purpurea 129 (later classified as C. fusiformis) producing 4500-
7000 mg L' and isolates selected from it (Desai and @ehdéek, 1982; Kgen and
@ehaéek, 1984; Koen et al., 1984, 1987; Pazoutova et al., 1977, 1980, 1981;
Pazoutova and @ehdéek, 1978, 1981a, b, 1984; Behaéek et al., 1977; Sajdl et
al., 1978; Vogisek et al., 1981) or with strains of different provenance, e.g.
Clavices sp. SD-58 (ATCC 26019) (later classified as C. fusiformis; Desai et al.,
1982a, 1983, 1986; Eich and Sieben., 1985; Kozikowski ef al., 1993; Kgen et al.,
1987; Otsuka et al., 1980; Patel and Desai, 1985; Robbers et al., 1972, 1978,
1982; Robertson et al., 1973; Rylkoetal., 1986, 1988a;Schmauder ez al., 1981a,
b, 1986; Vaidya and Desai, 1981a, b, 1982, 1983a, b), C. purpurea 59 (C.
fusiformis) (Pazoutova et al. 1986, 1987a, b, 1988, 1989, 1990; Pazoutova and
Sajdl, 1988; Sajdl et al., 1988b), Claviceps sp. CP Il (Krustev et al., 1984;
Slokoska et al., 1981, 1985, 1988) and Claviceps sp. PRL 1980, ATCC 26245
(Kim et al., 1981; Taber, 1964).

Bioconversion of agroclavine to elymoclavine can be done by both free and
immobilized cells of suitable production strains (Bgemek ez al., 1986a; Kgen et
al., 1989a) with efficiency of up to 97% (Malinka and Bgemek, 1989). In
addition to strains producing clavine alkaloids, also those synthesizing simple
derivatives of lysergic acid can be used for the conversion. In this case a
preferential bioconversion of agroclavine to elymoclavine can be brought about
by a simple modification of cultivation conditions (Flieger et al., 1989a;
Harazim et al., 1989). Flieger et al., 1989b described also a process of
purification of clavine alkaloids combined with a conversion to elymoclavine
and lysergic acid a-hydroxyethylamide; these products can be easily separated
and used for semisynthesis. Other strains able to convert agroclavine to
elymoclavine are C. fusiformis SD-58, and Claviceps sp. KK-2, Se-134 and
47A (Sieben et al., 1984). An exhaustive review on the bioconversion of ergot
alkaloids was worked out by Kgen (1991) and a review can be also found in
Chapter 10.

During the cultivation of commonly used strains, growth of a culture and
production of clavine alkaloids are accompanied by the concurrent biosynthesis
of glucans. These compounds unfavourably influence medium rheology,
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complicate proper mixing and aeration, slow down oxygen transfer and make
the cultivation medium foam. Processes elaborated to eliminate glucan production
employ a special composition of an inoculation medium, two-stage preparation
of inoculum and a special composition of a production medium (Bgemek et al.,
1986¢). In this way, physiological conditions are reached which decrease or
eliminate the synthesis of glucans and, at the same time, have a positive effect
on alkaloid biosynthesis. Production of up to 4600 mg L of total alkaloids (out
of which 2300 mg L is due to elymoclavine) in shaker cultures has been reported;
in fermentors the production reaches 2836 mg L* (2322 mg L™! of elymoclavine).
The concentration of undesirable of glucans can be decreased by the addition of
0.4-0.5 g L of sodium phenobarbitale from the original 38.4-42.2 g L' to 0-11
g L1 (Dehdeek and Rylko 1985). An addition of barbiturates into a medium,
influencing cytochrome P-450, was also described by Trinn et al. (1983) but
without relationship to glucan suppression. Processes with feedback inhibition of
glucan-synthesizing enzymes induced by addition of glucans into cultivation
media during inoculation were proposed (Kybal, personal communication). The
use of specific production strains with lowered or eliminated glucan production,
such as Claviceps purpurea CP 7/5/35 CC-2/1985 (Dehdeek et al., 1984a), seems
to be economically optimal. This strain produces a mixture of 10-30% of
elymoclavine, 65-90% of agroclavine and 1-5% of chanoclavine—I. However,
the employment of the strain Claviceps purpurea 88-EP/1988 (Koen et al., 1988¢)
is more advantageous since the strain produces nearly 2500 mg L of elymoclavine
and this alkaloid represents almost 90% of total alkaloids. The use of two
inoculation stages for clavine producers is suitable not only for elimination of
glucan production but also for reaching an optimum physiological state for
maximal biosynthesis of the alkaloids. The production of alkaloids by the strain
C. fusiformis W1 is decreased by 11.4-57.8% (Malinka et al., 1986) when a
single-stage inoculum is used.

An ihibition effect of phosphate ions upon biosynthesis of alkaloids plays an
important role and a positive effect of phosphate deficiency was described already
by Windisch and Bronn (1960). The problem consists in the fact that phosphate
is necessary for biomass growth; it is therefore necessary to find an optimal
ratio between biomass growth (and proliferation of cells able to produce
alkaloids) and the alkaloid synthesis rate. Most of the processes described here
employ a low content of phosphate in production media combined with the use
of a dense inoculum. Some production strains are marked by a higher resistance
of alkaloid biosynthesis to phosphates (@ehaéek et al., 1984a). This problem
was solved in a particular way in the patent of Bgemek et al. (1989) by using
gradually utilized hexaamidotriphosphazene as a phosphate source and at the
same time as a supplementary source of nitrogen.

Koen et al. (1989b) described a process of production of fructosides of
elymoclavine, namely elymoclavine-O-f-D-fructofuranoside (Floss et al., 1967)
and elymoclavine-O-f-D-fructofuranosyl-(2—1)-O-f-D-fructofuranoside
(Flieger et al., 1989d). The efficiency of glycosylation fluctuated between 10
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and 62% . The strain C. purpurea 88-EP-47 was selected for the preparation of
fructosides of elymoclavine (Kgen et al., 1989¢); during fermentation this strain
produces fructosides in a concentration of 920 mg L* while the concentration
of the total alkaloids reached 2800 mg L!. Due to the high glycosylation activity
the strain could be used for production of fructosides of alkaloids added to
cultures (Keen ef al., 1989b). Glycosides of ergot alkaloids exhibit interesting
physiological effects and can be also used as substrates for the preparation of
semisynthetic derivatives.

12.4.2. Production of 6, 7-secoergolenes

Besides agroclavine and elymoclavine, also other clavine alkaloids can be used
for the preparation of certain semisynthetic derivatives. Although no derivatives
prepared by modification of the clavine molecule are used in therapy, some
preparation procedures yielding such clavine alkaloids are protected by patents.
Among 6, 7-secoergolenes, i.e., alkaloids with an open ring D of the ergoline
structure, chanoclavine-I and chanoclavine-I aldehyde have been patented.

Production processes employing specific production strains are also protected
by patents. Thus the production of chanoclavine-I or a mixture of chanoclavine-
I and chanoclavine-I aldehyde has been described because all chanoclavine-1
aldehyde represents a suitable substrate for subsequent semisynthesis. Wilke
and Weber (1985b) described a method of chanoclavine manufacture with the
strain C. purpurea DSM 2837 giving 390 mg L' of the alkaloid. Baumert et al.
(1979a) reported on the use of the strain C. purpurea IBP 180, ZIMET PA 138,
in which the total production of alkaloids was 500-600 mg L and this amount
comprised 80% of chanoclavine-I and 20% of chanoclavine-I aldehyde. Maier
et al. (1980a, b) and Baumert and Groger (1982) described another strain,
denoted Pepty 695/ch, which produced chanoclavine-I and chanoclavine-I
aldehyde; these secoergolenes were produced in a concentration of 300-350
mg L' in a ratio of 3:1 (Erge ef al., 1984). A substantially higher production
was mentioned by @ehdeek er al. (1986a) for the strain C. purpurea 59 CC5/86
selected from the parent strain C. purpurea 129 (Pazoutova et al., 1987a) which
produced as much as 3000-6000 g L! of total alkaloids, composed of 40-60%
chanoclavine-I, 20-30% chanoclavine-I aldehyde, 10-15% elymoclavine and
5-10% agroclavine. Besides the patent literature, Groger (1965) described the
strain C. paspali 1Li 342/SE 60 producing 400 mg L* of alkaloids, 40% of
which was chanoclavine. Chanoclavine-I was isolated not only from fungi of
the genus Claviceps (Abe et al., 1959; Agurell and Ramstad, 1965; Hofmann et
al., 1957; Stauffacher and Tscherter, 1964), but also from other fungi—
Penicillium concavo-rugulosum (Abe et al., 1969), Aspergillus fumigatus
(Yamano et al., 1962) and Hypornyces aurantius (Yamatoya and Yamamoto,
1983).
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12.4.3. Production of Ergolines

Processes for the production of festuclavine and epoxyagroclavine I from the
group of ergolines are described in patents. Festuclavine was isolated from
cultures of Aspergillus fumigatus and from sclerotia of Claviceps gigantea
(Agurell and Ramstad, 1965). In the patent of Wilke and Weber (1985a) a
method of production of festuclavine is described using the production strain
C. paspali 2338. During a 7-9-day cultivation the concentration of festuclavine
reached 2280 mg L. Epoxyagroclavine I has so far been found only as a
metabolite of Penicillium corylophilum (Kozlovsky et al., 1982) and process of
its production is patented (Kozlovsky et al., 1979).

12.4.4. Production of A*'°-Ergolenes

Lysergol as well as isolysergol from the group of A*!%-ergolenes can be used as
suitable substrates for the production of semisynthetic derivatives. Lysergol,
together with lysergene and lysergine were isolated from the saprophytic fungi
Claviceps spp. originating from ergot parasitizing on Elymus mollis (Abe et al.,
1961). Isolysergol was isolated from the saprophytic cultures of Claviceps sp.
47 A derived from ergot parasitizing on Pennisetum typhoideum (Agurell, 1966).

12.5. LYSERGIC ACID, ITS SIMPLE DERIVATIVES AND PASPALIC ACID

This group of ergot alkaloids encompasses both compounds directly applicable
in therapy (ergometrine) and compounds, which can be employed for the
production of semisynthetic alkaloids (lysergic acid, ergine, lysergic acid o-
hydroxyethylamide and their isomers, paspalic acid).

Lysergic acid and paspalic acid were isolated in 1964 from cultures of C.
paspali (Kobel et al., 1964) and in 1966 from cultures of C. purpurea (Castagnoli
and Mantle, 1966). Ergine (Arcamone et al., 1961; Kobel er al., 1964) and
lysergic acid a-hydroxyethylamide (Arcamone et al., 1960; Flieger et al., 1982)
were also isolated from the cultures of C. paspali. Ergometrine (ergonovine)
was isolated from both C. purpurea (Stoll, 1952) and C. paspali (Kobel et al.,
1964).

Analogously to clavine alkaloids, a number of ergolene-production strains
has been isolated. Strains of the genus Claviceps for direct biosynthesis of lysergic
acid, paspalic acid and lysergic acid a-hydroxyethylamide were obviously selected
only from the species Claviceps paspali that grows on grasses of the genus
Paspalum in diverse parts of the world, e.g. strains C. paspali F-140 (ATCC
13895), F-S 13/1 (ATCC 13892), F-237 (ATCC 13893), F-240 (ATCC 13894)
(Chain et al., 1960), NRRL 3027, NRRL 3166 (Rutschmann and Kobel, 1963b),
NRRL 3080, NRRL 3167 (Kobel and Schreier, 1966; Rutschmann et al., 1963),
ATCC 14988 (Tyler, 1963), C-60 and its derivatives (Mary et al., 1965), FA
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CCM F-731 (dieicova et al., 1982b), CP 2505, YU 6 (Harazim et al., 1986),
CCM 8061 (Flieger et al., 1989a), CCM 8063 (Harazim et al., 1989), CCM
8176 (Satke et al., 1994).

The sporogenic strain C. paspali MG-6 played for ergolenes a similar role as
the strain Claviceps fusiformis SD-58 for clavine alkaloids—the basic knowledge
of physiology and biochemistry of formation of simple derivatives of lysergic
acid was gained using this organism (Bumbova-Linhartova et al., 1991;
Linhartova et al., 1988; @ehdeek and Malik, 1971; @ehaéek et al., 1971; Rylko
et al., 1988d). The same holds for the strains C. paspali 31 (Rosazza et al.,
1967) and L-52, identical with the strain ATCC 13892 (Soéié et al., 1986). Mantle
(1969) described the production of a mixture of lysergic and paspalic acids by
saprophytic strains, not selected by mutagenesis, isolated from ergotoxine
containing sclerotia of C. purpurea. Philippi and Eich (1984) demonstrated the
bioconversion of elymoclavine to lysergic acid by the strain C. paspali SO 70/5/
2, Maier et al. (1988b) reported on an analogous bioconversion using a
microsomal fraction of the ergopeptine producer C. purpurea Pepty 695/S. Besides
the genus Claviceps formation of lysergic acid and its derivatives has been reported
in a number of strains of different species of the genus Aspergillus (A. clavatus,
A. repens, A. umbrosus, A. fumigatus, A. caespitosus, A. nidulans, A. ustus, A.
flavipes, A. versicolor, A. sydowi, A. humicola, A. terreus, A. niveus, A. carneus,
A. niger, A. phoenicus) (Siegle and Brunner, 1963).

12.5.1. Production of Simple Derivatives of Lysergic Acid

Production of amides of lysergic acid is described more often than the production
of the acid itself. These amides are isomers of lysergic acid a-hydroxyethylamide;
lysergic acid can be prepared from them by bioconversion. Amici et al. (1963)
described bioconversion with 95% efficiency in cultures of Claviceps purpurea
without further specification. Some production strains are very sensitive to
surplus iron ions (Chain et al., 1960; @ieicova et al., 1982b) or they require ions of
iron and zinc, and sometimes also other inorganic ions, in defined proportions
(Mary et al., 1965; Rutschmann and Kobel, 1963b). The process reported by
Chain et al. (1960) needs so-called virulentation of the strain in a rye embryo to
get sufficient production. Concentrations between 450 and 1600 mg L™ are reached
during the submerged cultivation. Iron ions did not interfere with the process
described by Tyler (1963). The procedure according to @ieicova et al. (1982a)
employed the asporogenic production strain C. paspali FA CCM F-731; that
brought problems with the preparation of a standard inoculum for the production
phase. The strain produced over 2000 mg L™ of alkaloids from which 80%
was lysergic acid a-hydroxyethylamide. @ieicovd et al. (1981, 1986) also
reported on the strain C. paspali F 2056 that produced nearly 2000 mg L of
alkaloids with the same proportion of lysergic acid a-hydroxyethylamide.
Production of max. 2000 mg L™ of simple derivatives of lysergic acid was
described using the strain C. paspali ATCC 13892 and optimized cultivation
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conditions (Pertot et al., 1984). Rutschmann and Kobel (1963b) reported that the
strain C. paspali NRRL 3027 had formed over 1000 mg L™ of alkaloids. The
concentration of total alkaloids in a shaker culture of the strain NRRL 3166
reached as much as 2210 mg L from which 80% was formed by amides of
lysergic and isolysergic acids; in a fermentor the concentration was 1820 mg L™
with 87% of amides. Harazim et al. (1986) dealt with the optimization of the
inoculation phase of lysergic acid a-hydroxyethylamide production. The
asporogenic strain C. paspali CP 2505 and the sporogenic one YU 6, selected from
natural material of a different geographic origin, were found to have the same
requirements for optimal media composition. Pertot et al. (1990) reported the
strain C. paspali L-52 which produced as much as 2647 mg L™ of a mixture of
ergometrine, lysergic acid amide and lysergic acid a-hydroxyethylamide, and
from it selected a mutant CP 2 with a totally blocked synthesis of ergometrine and
with the production of as much as 1552 mg L of lysergic acid derivatives. Flieger
et al. (1989a) and Harazim ef al. (1989) described the production strains of C.
paspali mentioned earlier in connection with biotransformation of agroclavine to
elymoclavine. The strain CCM 8061 (Flieger et al., 1989a) produced 1220 mg L of
simple derivatives of lysergic acid; at the same time it showed a high activity of
bioconversion (almost 95%) of clavine alkaloids to simple derivatives. Also, by
adding clavines the actual biosynthesis of lysergic acid derivatives was increased
by 33.5%. The strain could also be used in the immobilized form for
semicontinuous production of lysergic acid derivatives by de novo biosynthesis
and/or by clavine conversion. The strain CCM 8063 (Harazim et al., 1989) is
characteristic by the production of lysergic acid a-hydroxyethylamide in
concentrations of up to 2200 mg L!. When clavine alkaloids were added to the
medium nearly, 5070 mg L of lysergic acid a-hydroxyethylamide was produced
as a consequence of their concurrent conversion. A semicontinuous process was
also described using cells of this strain entrapped in alginate. Procedures reported
for these two strains were later worked out to produce simple derivatives of lysergic
acid, first of all its a-hydroxyethylamide, ergometrine and partially also ergine, by
means of aggressive bioconversion of clavine alkaloids (Flieger et al., 1989b);
induction of lysergic acid derivatives took place at the same time. In a batch
cultivation, the concentration of lysergic acid derivatives reached almost 5400 mg
L' while in a large scale industrial fermentor the concentration was 2920 mg
L. The concentration of total alkaloids in cultures of the strain C. paspali
CCM 8062 after clavine conversion reached 2130 mg L; out of this amount 78 %
was ergometrine, 11% ergine and 11% lysergic acid
a-hydroxyethylamide. A mixed cultivation of the strain C. purpurea CCM F-733
(producer of clavine alkaloids) and C. paspali CCM 8061 yielded 4890 mg L
of alkaloids during a fortnight cultivation; alkaloids suitable for semisynthesis
made up 97.3% (lysergic acid a-hydroxyethylamide 73 %, elymoclavine
24.3%). A mixture of lysergic acid o-hydroxyethylamide and ergine was also
produced by the strain C. paspali MG-6. Derivatives of lysergic and paspalic
acids—8-hydroxyergine and 8-hydroxyerginine (Flieger et al., 1989c¢), and
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10-hydroxy-cis- and 10-hydroxy-trans-paspalic acid amide (Flieger et al., 1993)—
were isolated from the culture medium of this strain in the post-production phase.
The bioconversion of elymoclavine to ergine by the strain C. paspali L1189 + was
described by Mothes et al. (1962). Matosiz et al. (1988a, b) used an immobilized
strain of C. paspali which produced a mixture of lysergic acid a-
hydroxyethylamide and ergometrine. He also tried to increase the production by
means of surfactants. During a 60-day cultivation with six medium replacements
the total production of alkaloids reached 8290 mg L.

12.5.2. Production of Ergometrine

Ergometrine was isolated from both Claviceps purpurea (Stoll, 1952) and C.
paspali (Kobel et al., 1964) cultures. There is a number of described strains of
the both species that produce ergometrine: C. paspali CCM 8062 (Flieger et al.,
1989b), NRRL 3081, NRRL 3082 (Rutschmann and Kobel, 1963a), ATCC
13892 (Gaberc-Porekar et al., 1987), C. paspali without additional marking,
isolated from Paspalum commersonii (Janardhan and Husain, 1984), C.
purpurea IMET PA 130 (ZIMET 43769), IMET PA 135 (ZIMET 43695) (Borowski
et al., 1976; Volzke et al., 1985), NCAIM 001106 (Zalai et al., 1990), OKI 22/
1963 (Molnar et al., 1964; Udvardy-Nagy, I. et al., 1964), OKI 620 125 (Molnér
and Tétényi, 1962), Pepty 695 (Baumert and Groger 1982, Erge et al., 1972),
PRL 1578 (ATCC 14934) (Taber and Vining, 1958). Ergometrine is formed
biosynthetically via the intermediate lysergylalanine, the common precursor of
ergoptinyle (@ehdéek and Sajdl, 1990). Claviceps purpurea which, unlike C.
paspali, is able to synthesize ergopeptine alkaloids, normally produces ergometrine
together with a certain amount of ergopeptines. Both components are easily
separable and most of ergopeptines find application in therapy.

Stoll et al. (1953) described a surface cultivation of Claviceps purpurea during
which low amounts of ergometrine and ergotamine are formed in strict
dependence on the concentration of iron and zinc ions, similarly as in lysergic
acid amide production (Rutschmann and Kobel, 1963b). Windisch and Bronn
(1960) reported on cultivations in which production of clavines, ergometrine
and ergopeptines was induced by anaerobic conditions elicited by respiration
inhibition. The process could hardly be implemented on the industrial scale,
because of a very low production and other factors. Later, more efficient
processes were developed having with the aid of better production strains.
Molnar et al. (1964) described the production of a mixture of ergometrine and
ergotoxine, rich in ergocristine, by submerged as well as surface cultivation
yielding a minimum concentration of alkaloids 300 mg L. A patent of Molnar
and Tétényi (1962) described a production of a mixture of ergometrine,
ergokryptine and ergocornine during both stationary and submerged
cultivations. In the surface cultivation, the concentration of alkaloids in the
mycelium was 0.6 %, 30% of which was ergometrine, in the submerged one the
total alkaloid production was 480 mg L. The process according to Rutschmann
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and Kobel (1963a) made use of the production strains C. paspali NRRL 3081 and
3082; they formed higher concentrations of a product without ergopeptines.
Gaberc-Porekar et al. (1987) published data on the asporogenic strain C. paspali
ATCC 13892 that produced 1200 mg L of alkaloids consisting from 50-60% by
ergometrine and from 25-30% by lysergic acid a-hydroxyethylamide. Using a
mutagenic effect of gamma irradiation, they selected from this strain a daughter
one able to form conidia. In the process of Zalai et al. (1990) the production
strain C. purpurea NCAIM 001106 was selected by mutagenesis of protoplasts.
The produced mixture of alkaloids contained 1100 mg L™ of ergometrine, 450
mg L of ergocornine and 600 mg L of ergokryptine. Borowski ez al. (1976)
described submerged cultivations of the strain C. purpurea IMET PA 130 where
the total alkaloid concentrations reached 2430-2460 mg L', out of which the
ergotoxine group ergopeptines comprised 1150-1300 mg L™ and ergometrine
340-550 mg L. The procedures were further elaborated by Volzke et al. (1985)
who used the strains IMET PA 130 (ZIMET 43769) and IMET PA 135 (ZIMET
43695); by changing the limitation and/or nutrient sources they were able to
change the proportions of ergometrine and individual alkaloids of the ergotoxine
group. The total concentration of alkaloids was as high as 4000 mg L'; under
different cultivation regimes ergometrine was produced in concentrations
between 420 and 800 mg L. The maximal proportion of ergometrine was reached
when urea was used together with partial limitation by the phosphorus source,
oxygen saturation was kept at 48—-86% and pH under 7. The process described by
Flieger ef al. (1989b), in which the strain C. paspali CCM 8062 produced 1660
mg L™ of ergometrine and small amounts of ergine and lysergic acid amide when
clavine alkaloids were added as precursors, has been mentioned earlier. The
paragraph concerning clavine alkaloids also report on the production of
ergometrine mixed with clavine alkaloids by immobilized cells of the strain C.
purpurea CBS 164.59 (Kopp, 1987).

12.5.3. Production of Paspalic Acid

Paspalic acid is another suitable substrate for preparation of semisynthetic
derivatives. The patent literature contains description of its production by strains
C. paspali NRRL 3080, and NRRL 3167 (Kobel and Schreier, 1966,
Rutschmann et al., 1963) and C. paspali CCM 8176 (Satke et al., 1994). The
strain NRRL 3167 formed 3330 mg L™ of total alkaloids, out of which paspalic
acid represented 89%. The strain CCM 8176, in dependence on sugar and organic
acid components used, produced as much as 7927 mg L of total alkaloids.
Paspalic acid formed 54.4% (4257 mg L) and the rest was formed by isopaspalic,
lysergic and isolysergic acids. A cell-free extract of the strain C. purpurea PCCE1
was able to convert elymoclavine to paspalic acid with a 95% efficiency (Kim
and Anderson, 1982; Kim et al., 1983).

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 341

12.6. PRODUCTION OF ERGOPEPTINES

12.6.1. Production of Ergotamine Group Alkaloids

So far, ergotamine is the only natural alkaloid from the ergotamine group of
ergopeptines which has found a therapeutical use. It was detected only in the
strain Claviceps purpurea (Flieger et al., 1997; Stoll, 1952). The first isolation
from saprophytic mycelia was shown by Kybal and Stary (1958). The
fermentative production of ergotamine was performed with many strains—C.
purpurea IBP 74, IMET PA 135 (Baumert et al., 1979b, ¢), JAP 471 (Erge et al.,
1984; Schmauder and Groger, 1986), JAP 471/1 (Maier et al., 1983), LM.L
104437 (ATCC 15383) (Amici et al., 1964),275 EIL. (Amici et al., 1966, 1967a;
Crespi-Perellino et al., 1981; Floss et al., 1971b), EL. 32/17 (ATCC 20102)
(Amici et al., 1968; Keller et al., 1980) and its derived strain 1029 (Keller et al.,
1988; Lohmeyr and Sander, 1993); L-4 (ATCC 20103) (Komel et al., 1985),
CP II (Sarkisova and Smirnova, 1984), 312-A (Sarkisova, 1990; Ustyuzhanina
et al., 1991).

In addition to the process mentioned earlier, which produces small amounts
of ergotamines (Windisch and Bronn, 1960), other processes were successively
developed with higher industrial utility. Kybal ez al. (1960) described both surface
and submerged cultivation of non-specified strains Claviceps purpurea. In the
surface cultivation the yield of ergotamine was 0.14% in dry biomass, while in
the submerged one 0.07% . Amici et al. (1964) working with the strain LM.L
104437, obtained as much as 1300 mg L' of ergotamine. In their experiments
with the strain 275 EI., which produced 1-150 mg L' of alkaloids, Amici ez al.,
found correlation between the production capability of alkaloids and lipids
(Amici et al., 1967a). Procedures described by Amici et al. (1968) with the
strain FI. 32/17 served to increase the production of ergotamine and a-
ergokryptine in shaker cultures up to 2000 mg L' with an approximately equal
proportion of the two components; in a fermentor the production reached 1200
mg L. Baumert et al. (1979b) described, e.g., a procedure of selection of the
production strain IBP 47, IMET PA 135; Baumert et al. (1979¢) developed
cultivation processes for this strain. The total alkaloid production reached 900-
1500 mg L; the total alkaloid mass was composed of 75-80% ergotamine, 10—
15% chanoclavine, 5-6% ergometrine, 5% ergokryptine, a maximum of 4%
ergosine and traces of other clavines. The strain JAP 471 gave about 800 mg
L of alkaloids out of which 70% was ergotamine and 30% was clavine alkaloids
(Erge et al., 1984). In the submersion mycelium of the strain C. purpurea 11, the
content of alkaloids reached 0.4% of dry mass (Sarkisova and Smirnova, 1984).
The strain L-4 (ATCC 20103) produced about 1500 mg L™ of ergotamine (Komel
et al., 1985).

Long-term production of a mixture of ergotamine and ergokryptine by
immobilized cells was studied by Dierkes et al. (1993) in semicontinuous and
continuous systems. When cells of the strain C. purpurea 1029/NS5 entrapped
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in alginate were cultivated in a 500 mL bubble column reactor for 30 days,
alkaloid productivity was 17-40 mg L! per day.

Ergotamine producing strains were also used in different studies as model
organisms for research on various aspects of Claviceps biology and alkaloid
biosyntesis, e.g. the original parasitic ergotamine strain C. purpurea Pla-4 (Majer
et al., 1967; @ehaéek and Kozova, 1975), or the strain PCCE1 (Quigley and
Floss, 1981).

Ergosine, another representative of the ergotamine group, exerts very similar
pharmacological effects as ergotamine. In spite of the fact that it has not yet
been used in therapy, processes of its production are described in the patent
literature. Amici et al. (1969) described a concurrent production of ergocornine
and ergosine by the strain C. purpurea F1. 43/14, ATCC 20106, when the
production of total alkaloids was 950-1100 mg L™ and ergosine content 40—
45% . Groger et al. (1977) and Maier et al. (1981) employed the strains C.
purpurea MUT 168 and MUT 168/2 for both surface and submerged cultivation
with a production of 300-350 mg L of alkaloids, containing 90% of ergosine
and ergosinine together with 10% of clavine alkaloids, or 80% of ergosine and
20% of chanoclavine-I, respectively. Baumert et al. (1979b, 1980) described
the selection of the production strain IBP 179, IMET PA 136 and its submerged
cultivation. The concentration of total alkaloids was in this case 900-1300 mg
L, with 80-90% of ergosine and ergosinine. The ergosine strain C. purpurea
MUT 170 (Baumert and Groger, 1982; Schmauder and Groger, 1986) produced
a mixture of ergosine and clavine alkaloids in amounts of about 700 mg L
(Erge et al., 1984).

Dihydroergopeptines (dihydroergotamine, dihydroergocristine etc.) which
are produced from common ergopeptines by chemical methods have significant
therapeutic use. The only dihydroergopeptine found in nature is dihydroergosine
(Mantle and Waight, 1968) isolated from Claviceps africana (formerly Sphacelia
sorghi); its biosynthetic precursors are dihydroelymoclavine and dihydrolysergic
acid (Barrow et al., 1974). These findings opened the possibility of fermentative
production of dihydroergopeptines by common strains when these precursors
were used.

12.6.2. Production of Alkaloids of the Ergotoxine Series

Ergocristine, ergocornine, a-ergokryptine and f-ergokryptine from alkaloids of
this group are used in therapy. As drugs they are used both separately (e.g.
ergocristine) and in mixtures (ergocornine, o- and fS-ergokryptine), with the native
molecule or hydrogenated. All these alkaloids were isolated from the species C.
purpurea (Schlientz et al., 1968; Stoll, 1952). Besides the above mentioned
production strain Hypomyces aurantus (Yamatoya and Yamamoto, 1983) and
the only one described production strain Claviceps paspali (Wilke and
Weber, 1984), all the strains mentioned in the literature originated from
the species C. purpurea: CCM F-508 (Strnadovd and Kybal, 1976), CCM
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F-725 (Strnadova et al., 1981), CCM 8043 (Strnadova et al., 1986), IBP 84,
ZIMET 43768 (Schumann et al., 1986), IMET PA 130, ZIMET 43769 (Ludwigs
et al., 1985; Volzke et al., 1985), DH 82, ZIMET 43695 (Erge et al., 1982), E1.
101a (Amici et al., 1967b), E1. 43/14, ATCC 20106 (Amici et al., 1969), EIL
$40, ATCC 20103 (Minghetti ez al., 1967), E1. 7374 (Bianchi et al., 1974), Exy
20, Ech K 420 (Kobel and Sanglier, 1976) Ecc 93 (Keller et al., 1988), MNG
022, MNG 0083, MNG 00186 (Udvardy-Nagy et al., 1981; Wack et al., 1981),
OKI 88/1972 (Richter Gedeon V.G., 1973), 231 EI., ATCC 20106 (Bianchi et
al., 1976, Crespi-Perellino et al., 1987,1992,1993), 563 E (Milieiz et al., 1984),
L-16 (Pucetal., 1987),1-17 (Didek-Brumec et al., 1991a, b; Gaberc-Porekar et
al., 1990; Miliéiz et al., 1987, 1989; Soeié et al., 1985), L-18 (Didek-Brumec et
al., 1988), Pepty 695 (Maier et al., 1971; Schmauder and Groger, 1986), Pepty
695/S (Erge et al., 1984; Maier et al., 1980b, 1988b), 1029 (Lohmeyer and
Sander, 1993; Lohmeyer et al., 1990).

The original procedures elaborated for fermentation production of ergotoxine
alkaloids were not introduced into practice both for practical reasons, as, e.g., in
the patent of Windisch and Bronn (1960), and for economic ones, given by the
very low productivity. For example, surface cultivation was developed producing
0.18 g of total ergotoxine alkaloids per 100 g of dry mass with the ergocristine/
ergocornine/ergokryptine ratio of 3:1:2 (Kybal et al., 1960). At that time no
technological process was available for the industrial application of this cultivation
but later the process of cultivation in plastic bags was developed (Kybal and
Vlieek, 1976; Vlgek and Kybal, 1974) and the high-producing strains C. purpurea
CCM F-725 (Strnadova et al., 1981) and CCM 8043 (Strnadova et al., 1986)
were selected. On a rich medium the strain C. purpurea CCM F-725 formed
mycelia containing 1.5% of alkaloids per dry mass. This product contained
ergocornine, a-ergokryptine and f-ergokryptine in a 6:5:1 ratio, small amounts
of ergometrine and traces of ergosine, ergocristine, ergotamine and ergoxine.
Later the strain C. purpurea CCM 8043 was selected which produced as much as
3.5% alkaloids per mycelia dry mass; the mixture of alkaloids contained a-
ergokryptine, ergocornine, f-ergokryptine, ergometrine and traces of ergosine.
From the end of the 1970s pharmacopoeias requirements became more strict as
regards the mutual proportion of a- and ff-ergokryptine in ergotoxine substances
and drugs. The mutual ratio of biologically synthesized alkaloids of the ergotine
group can be influenced by the addition of amino acids that form the peptidic
moiety of the ergopeptine structure (Kobel and Sanglier 1978). Kybal ez al. (1979)
described a surface cultivation giving a controlled proportion of ergocornine, o-
ergokryptine and f-ergokryptine. Threonine, the biosynthetic precursor of
isoleucine, was also used besides the amino acids forming the peptidic part of
ergopeptines. Experiments with additions of threonine, leucine and isoleucine
into media provided 0.51-0.86% alkaloids per dry mass, with the ratio of
ergokryptines to ergocornine 1.5-3:1 and a-ergokryptine to S-ergokryptine 1:5—
100:1. When precursors were employed, three new alkaloids were isolated—5"-
epi-f-ergokryptine from the ergopeptine group, and f-ergokryptame and f,
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f-ergoanname (Flieger et al., 1984). The procedure was further optimized by
using the economically more favourable threonine; as a result, production strains
D3-18 and D2-B1 were able to produce mycelia containing the precise proportion
of ergocornine and ergokryptine components in ergotoxine preparations required
by the Pharmacopoeia (Malinka et al., 1987). A process for the controlled
biosynthesis of ergocornine, a-ergokryptine and fS-ergokryptine was also
elaborated for submerged cultivation (Udvardy-Nagy et al., 1981). Production
strains MNG 0022, MNG 0083 a MNG 00186 provided 80-200 mg L of
ergocornine, 15-150 mg L of a-ergokryptine, nearly 80-100 mg L of f-
ergokryptine and 150-180 mg L' of a mixture of ergocorninine and
ergokryptinines. A broader spectrum of compounds was used as precursors—
besides threonine and isoleucine also homoserine, homocysteine, methionine and
a-ketobutyric acid. Wack ez al. (1981) reported on the use of valine and isoleucine
as precursors in the cultivation of strain MNG 00186 also. The precursor addition
enhanced the original production of 150 mg L™ of ergocornine, 40 mg L™! of a-
ergokryptine and 90 mg L of f-ergokryptine to 320 mg L of ergocornine, 60
mg L™ of a-ergokryptine and 160 mg L™ of f-ergokryptine. Increased production
of a-ergokryptine using leucine as a precursor in cultures of C. purpurea strains
IMET PA 130 or ZIMET PA 43769 was described by Ludwigs et al. (1985).
When 2-5 g L of L-leucine was added to the medium, the concentration of
ergotoxine alkaloids reached 900-1200 mg L™ or 1400-2500 mg L% with 65—
85% of a-ergokryptine. Puc et al. (1987) described the use of valine as a precursor
with strain L-16. Depending on the amount of valine added into a submerged
culture of the strain producing 1800 mg L of total alkaloids, with a proportion
of ergocornine to ergokryptines 1:2, this proportion was changed up to 4.5:1.
Another method of production control, in addition to leucine precursoring, is
described in the patent of Volzke ez al. (1985). The production of ergocornine by
C. purpurea strains IMET PA 130 and ZIMET 43769 can be supported by partial
phosphate limitation and by continuous addition of ammonium ions; production
of a-ergokryptine can be increased by simultaneous addition of urea or ammonium
salts and phosphate. In addition to these procedures with directed precursoring, a
number of patents describes the production of ergocornine or ergokryptines without
precursors. The production strain C. purpurea IBP 84, ZIMET 43768 used for
production of a mixture of a-ergokryptine and ergosine formed 700-1400 mg L~
Lof total alkaloids with 80% of a-ergokryptine and 20% of ergosine (Schumann
et al., 1986). According to the patent of Amici et al. (1967b), the production of
ergokryptine in cultures of the strain C. purpurea F1. 101a reached 1100-1500
mg L' Production of a mixture of ergokryptine and ergotamine was mentioned
earlier (Amici et al., 1968), and so was the production of ergokryptinine,
ergokryptine and other alkaloids by a fungi of the genus Hypomyces (Yamatoya
and Yamamoto, 1983). Wilke and Weber (1984) reported the production of 525
mg L of a-ergokryptine with the asporogenic strain C. paspali DSM 2836.
Patent of Richter Gedeon V.G. (1973) described the production of a mixture of
ergocornine and a-ergokryptine; when the strain C. purpurea OKI 88/1972 was
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employed, 1046-1246 mg L of total alkaloids were produced from which a
mixture of ergocornine and ergokryptine represented 646 mg L™ and the
concentration of ergometrine was 202-310 mg L. A mixture of ergocornine and
ergokryptine was also the main component of the 2000 mg L alkaloids which
were produced by the sporogenic strain L-17 bred by combined mutagenesis and
selection from an originally parasitic strain (Didek-Brumec et al., 1991a, b). The
production of a mixture of ergocornine and ergosine was reported by Amici et al.
(1969). The strain C. purpurea FI. 43/14 ATCC 20106 formed in different
cultivation media 950-110 mg L™ of a mixture containing 40-45% of ergosine
and 55-60% of ergocornine. Special strains for f-ergokryptine production are
referred to by Bianchi et al. (1974, 1976). The strains C. purpurea 231 EI. and
EIL 7374 produced the total amount 1200 mg L™ of ergopeptines with 30% of
ergokryptine. The patent of Kobel and Sanglier (1976) described the production
of ergocornine and ergokryptine by the strain C. purpurea Exy 20, and the
production of ergocristine by the strain C. purpurea Ech K 420; a so called pre-
culture was used in the process. The cultivation production of total ergopeptines
was 770 mg L™ from which ergokryptine and ergokryptinine comprised 203 mg
L, ergocornine and ergocorninine 200 mg L', ergocristine and ergocristinine
206 mg L and other alkaloids 170 mg L. The fermentative production of
ergocristine was described in patent of Minghetti et al. (1967). The process
employed the production strain C. purpurea FI. S40 (ATCC 20103) which, when
cultivated in a fermentor, gave 920 mg L™ of ergocristine. Another process
described by Erge et al. (1982) employed the strain C. purpurea DH 82, ZIMET
436955 in a fermentor the production of alkaloids reached 600-1000 mg L of
which ergocristine represented 400-550 mg L' Didek-Brumec et al. (1988) referred
to the asporogenic strain L-18 that formed 2000 mg L™ of ergocristine. The
production about 1000-1200 mg L! of total alkaloids by the strain Pepty 695/,
which contained 50-60% of ergotoxines composed of a mixture of ergocornine,
ergokryptine and a 20% of ergometrine, was reported by Maier et al. (1980D,
1988b) and Erge er al. (1984). The original parent strain Pepty 695 showed the
total alkaloids production of about 400-450 mg L', with 50% of ergotoxines
(ergocornine to ergokryptine ratio 3:1) and 15-20% of ergometrine (Floss ez al.,
1971 a). Gaberc-Porekar et al. (1990) used the strain C. purpurea 1-17 to produce
2400 mg L™ of total ergotoxine alkaloids, mostly ergocornine and ergokryptine.
In the same study, devoted to carbohydrate metabolism, the hexose monophosphate
shunt metabolizing glucose during the vegetative phase of fermentation was shown
to be replaced by glycolysis during the period of increasing production of
alkaloids. This strain served for further research on biochemistry and physiology
of high-producing strains, e.g. the correlation between the intermediary metabolism
and secondary metabolite synthesis (Gaberc-Porekar ez al., 1992a). In the case of
ergopeptines, the further direction of production processes development—
immobilization of producers and possible continualization—is only at its
beginning (Lohmeyer and Sander, 1993).
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12.6.3. Derivatives and Analoga of Ergopeptines

The fungus Claviceps purpurea is able to incorporate the amino acids, present in
the medium, into the peptidic moiety of ergopeptines and to perform similar
reaction also with their precursors. This fact was used in a controlled
fermentation with the directed application of precursors, as mentioned in
previous paragraphs. C. purpurea is also able to incorporate a number of other
different amino acids and their analoga into the peptidic moiety (Beacco et al.,
1978). Thus ergobutine (from the group of ergoxines) and ergobutyrine (from
the group of ergotoxines) were isolated from the saprophytic cultures of the
strain C. purpurea 231 E1. (Bianchi ez al., 1982). 5"-Epi-f-ergokryptine from the
ergotoxine group, fS-ergokryptame from the ergotaxame group and f, /-
ergoanname from the ergoanname group, isolated from saprophytic surface
cultures of the strain C. purpurea D-3-18 on addition of different stereomers of
isoleucine and threonine as precursors (Flieger et al., 1984), were mentioned
earlier. Addition of L-norvaline as a precursor into cultures of C. purpurea 231
EL yielded unnatural ergopeptines—ergorine, ergonorine and ergonornorine
(Crespi-Perellino et al., 1992). These capabilities of C. purpurea were used in the
development of processes for preparation of ergopeptines analoga. The procedure
according to Beacco et al. (1977) employed the specially selected mutant strains
C. purpurea ATCC 15383, ATCC 20103 and ATCC 20019, dependent upon
different nonhydroxylated amino acids—leucine, phenylalanine, halogenated
phenylalanine, thienylalanine, pyrazolylalanine, furylalanine, pyridylalanine, ezc.
A number of derivatives of ergopeptine with the adrenolytic effect (blockade of a-
receptors), e.g. 5"-debenzyl-5"-p-chlorobenzyl-dihydroergocristine or 5"-debenzyl-
5’-p-fluorobenzyl-ergotamine, was obtained. The process proposed by Baumert et
al. (1981) employed the strains C. purpurea IBP 179 and MUT 168, which
produced ergosine. Addition of 3—6 g L of the proline analogue—the anticancer
substance 1, 3-thiazolidine-4-carboxylic acid-resulted in the synthesis of 1° f3-
methyl-5’a-isobutyl-9"-thiaergopeptine (Thiaergosine). The biosynthesis of similar
compounds has been described in the patent of Kobel et al. (1982). Addition of
appropriate precursors to cultures of the strain C. purpurea NRRL 12043, which
produces ergotamine and ergotaminine, and to those of the strain NRRL 12044,
that produces ergocristine and ergocristinine, yielded a number of substances.
These derivatives of peptidic alkaloids exert a spectrum of physiological and
therapeutical effects (dopaminergic stimulation, prolactin inhibition,
vasoconstriction activity, etc.). 9"-Thia-ergocristine and 9’-thia-ergotamine can
be mentioned as representatives of such substances.

12.7. CONTROL AND MODELLING OF ERGOT ALKALOID

FERMENTATION

Processes in which final yields of products were influenced by precursor addition
or by limitation and dosing of individual nutrients were mentioned earlier.
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Tryptophan, the building unit of the ergoline nucleus (Floss, 1976), can also be
used to increase production of many alkaloids. Detailed research into the topic
was done by, e.g., Gaberc-Porekar et al. (1992b). A comparative study with a
number of strains producing different ergot alkaloids was performed by Erge et
al. (1984). More details are given in Chapter 7.

Bianchi et al. (1981) and Crespi-Perellino et al. (1994) carried out certain
generalization of results with controlled precursor addition promoting
ergopeptine production. An amino acid at position 3 of the ergopeptine molecule
is specific, amino acids at positions 1 and 2 can be changed. Amino acids with
a lipophilic side chain can be introduced into the ergopeptine molecule depending
on the number of C atoms in the side chain.

Some model procedures for a more complex control of fermentative
production of ergot alkaloids were elaborated based on, e.g. mathematical
models of clavine and ergopeptine alkaloid production in batch cultivation. A
model based on the concentration of extracellular and intraceliular phosphate
was published for clavine alkaloids (Votruba and Pazoutova, 1981). A
mathematical simulation of different technological alternatives of clavine
production was done on this basis (Pazoutova et al., 1981b). Apart from this
model, also a hypothesis was published on gene expression in Claviceps
biosynthetic pathways (Pazoutova and Sajdl, 1988). A regulation model of the
gene expression for alkaloid biosynthesis was proposed according to which the
tryptophan-induced synthesis is mediated by an activator binding tryptophan
and stimulating the transcription of pertinent genes. The kinetics of clavine
alkaloids production was also investigated (Flieger et al., 1988). Based on these
results, processes were developed in which elimination of feed-back inhibition
by fermentation products lead to a higher production of clavine alkaloids and
ergometrine (Flieger et al., 1987).

In the case of ergopeptine alkaloids, batch submerged cultivation was
modelled on the basis of the predicted concentrations of biomass, alkaloids
and sucrose. Good agreement was achieved between the calculated and found
values of the former two parameters (Grm et al., 1980). Using a previously
found correlation between growth and alkaloid biosynthesis on the one hand
(Miliéiz et al., 1987) and the effects of cultivation conditions on morphology
and alkaloid synthesis on the other (Miliéiz et al., 1989), Milieiz et al. (1993)
elaborated a more general model. Models of microorganism “life span”,
“microbial growth” and “alkaloid synthesis” were elaborated on the basis of
the specific growth rates and morphological analysis of proliferation.

Preliminary studies, whose results could be used for model building were
performed with producers of simple derivatives of lysergic acid. Bumbova-
Linhartova et al. (1991) divided the production process of these derivatives into
three phases—production, post-production and degradation ones—and set up
their characteristics.

Other procedures leading to increased effectivity of the production processes
are also described in the patent literature. Rochelmayer (1965) stimulated
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alkaloid biosynthesis by adding parts of the Thallophyta, especially fungi and
bacteria, into the medium. A similar principle was adopted in the patent of
Fiedler et al. (1989) where elicitors were used to enhance the activity of
biosynthetic enzymes in microorganisms and higher plants. Another way
increasing of alkaloid biosynthesis by more than 100%, described by Rylko ez
al. (1988a, b, ¢), made use of suitable inducers of cytochrome P-450. A positive
effect of substances modifying cell lipids of production strains has also been
demonstrated (Kgen et al., 1988a,b). These substances increased alkaloid
production by almost 74 %; the same effect has been shown with high-producing
strains (Sajdl ez al., 1988a). The relationship between morphology of saprophytic
cells and production capability has not been explicitly elucidated yet (Esser and
Tudzynski, 1978; Didek-Brumec et al., 1991 a). The production of alkaloids is
supported by such cultivation conditions that cause mycelial differentiation to
sclerotium cells (Kybal, 1981; Wichmann and Voigt, 1962) and are connected
with specific manifestations of the primary metabolism (Kleinerovd, 1975; Kybal
et al., 1978, 1981; Zalai and Jaksa, 1981). These findings have been
complemented by Losecke et al. (1980, 1981, 1982) by the data on the
relationship between the ultrastructure of cells from submerged culture and
alkaloid production.

12.8.PRODUCTION OF INOCULATION MATERIAL FOR
PARASITIC ERGOT PRODUCTION

The infection material for inoculation has been mentioned by Németh in Chapter
11 “Parasitic production of ergot alkaloids”. Asexual sporesconidia—are
exclusively used as a source of the primary infection in the parasitic production
of ergot. When the infection inoculation material is to be prepared, the
saprophytic cultivation aims at obtaining the maximum amount of vital
infectious spores. Nutritional sources and the cultivation process itself are
adapted to support growth and differentiation of hyphae to obtain massive
conidiation.

Cultivation processes are generally identical with those for the production
of alkaloids. It is possible to employ cultivation on solid substrates as well as
stationary or submerged cultivation in liquid media. Grains, which were reported
as the solid-state medium of choice since the 1940s, has been mentioned by
Chapter 11 (see also Kybal, 1955; Sastry et al., 1970b). The grains supplemented
by nutrients (Kybal, 1963) was still used in the 1980s as an optimum substrate
for production of high-quality inoculation material and a reference standard
for comparison with other inoculation materials. This material, or conidia from
surface agar cultures, were used also in experimental parasitic cultivations
(Corbett et al., 1974; Kybal and Strnadovd., 1968; Singh et al., 1992) while
inoculation material from submerged cultivations has been used less frequently
(Kosir et al., 1981). Cultivations on the surface of liquid media are performed
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with the plastic bags (Harazim et al., 1984; Kybal and Vléek, 1976; Strnadova
et al., 1986) or other suitable equipment (Kybal and Strnadova, 1982).
Submerged cultivations, depending on the properties of the parasitic production
strains, are multi-stage. The produced infection material can be conserved in a
sucrose solution (Kubec et al., 1974), mixed with an inert filler, granulated and
dried (Kiniczky et al., 1982; Kybal et al., 1990) or frozen in an osmotically
stabilized medium (Yasdrhelyi et al., 1980a). In experiments done by Czech
authors, optimum results were achieved with an inoculation material dried
together with SiO, (Valik and Malinka, 1992).

Quality evaluation of the inoculation material can be done by vital staining
of conidia, but methods based on germination ability (Svecova, 1985) and
determination of the unit infection dose appears more optimal. An optimal
number of conidia and a procedure of infection of a host spike should be
experimentally determined for each kind of inoculation material and a type of
host (Sastry et al., 1970a, c).

12.9. PRODUCTION OF OTHER SUBSTANCES BY CLAVICEPS

Fungi of the genus Claviceps have been shown to produce not only ergot alkaloids
but also other substances. Tryptophan is used as a starting material for biosynthesis
of ergot alkaloids. The use of the Claviceps fungi is mentioned in the patent of
Enatsu and Terui (1967) describing L-tryptophan production. In the process
reported by Dinelli ez al. (1972), enzyme complexes isolated among others from
Claviceps are employed for the production of L-tryptophan from indole and
serine. The patent of Lapis et al. (1978) describes the manufacture of antitumor
basic proteins with molecular weight of 1, 8-3, 5 kDa from the mycelium of C.
purpurea and C. fusiformis.

The rice leaf binding component, produced in aerobic cultures of the strain
Claviceps purpurea ATCC 96035 or of a number of other microorganisms (Oishi
etal., 1984), can be used to increase the rice crop. The active component increases
the yield and shortens the production period. Also other metabolites of Claviceps
can find application in agriculture practice. Patent of Dowd ez al. (1988) describes
the use of tremorgenic mycotoxins as insecticides against corn earworm and
fall armyworm. Gubadski and Lowkis (1964) have demonstrated the inhibition
of the tobacco mosaic virus by a substance isolated from C. purpurea.

Detoxification of methyl-N-methylanthranilate to methyl-anthranilate using
a number of microorganisms, among others Claviceps spp., is described in the
patent of Page et al. (1989). The detoxification was carried out in a 4-8-day
fermentation process.

There are two patents describing production of lipids. The patent of Fukuda
(1986) referred to a method of isolation of lipids from lipid-producing algae
and fungi, including Claviceps. In the patent of Sarkisova et al. (1987) the
strain C. purpurea 312A produced lipids with composition similar to that of
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cotton-seed oil. After a 10-day cultivation in a liquid medium, the biomass
contained 27-46% of lipids.

Production of carbohydrates is also mentioned in two patents. Glucans,
undesirable in ergot alkaloid fermentation but applicable in a number of other
industrial branches including the pharmaceutical industry, are produced
according to the patent of Johal and Cash (1989) by different filamentous fungi,
including Claviceps. Glucans are remarkable for their pharmacological, especially
immunomodulatory, effects and their future therapeutical use can be envisaged.
The patent of Senda et al. (1989) describes the production of another type of
carbohydrates—oligoinulosaccharides—using ff-fructofuranosidase from
different microorganisms (also from Claviceps purpurea). These oligosaccharides
can be employed, e.g., in the food industry.

12.10. DOWN-STREAM PROCESSES

Procedures for the subsequent processing of fermentation products depend on
their properties; they are different for products of stationary cultivations and
of submerged ones, and also for water soluble (clavines, lysergic acid and its
derivatives, ergometrine) or insoluble (ergopeptines) substances.

The concentration of ergopeptines in a medium during their surface
production is negligible; the mycelium is processed in this case. Isolation
procedures are very similar to those used for the isolation of alkaloids from
ergot sclerotia grown during field parasitic cultivation. When clavines, lysergic
acid or its derivatives are produced by surface fermentation it is advantageous
to process both the mycelia and the medium.

In the case of submerged cultivation the whole volume of a medium with the
mycelium is processed. Due to the mechanical stress and the resulting injury to
the hyphae a non-negligible amount of hydrophobic alkaloids can be contained
in the medium.

To decide what isolation process should be used it is necessary to take into
account also other substances produced by the fungi. Besides the already
mentioned glucans, which complicate manipulation with the end product of
fermentation and make the isolation more expensive, these effects can be exerted
also by lipids and pigments.

Isolation processes used in industry are detailed in Chapter 13.

ACKNOWLEDGEMENT

The author thanks to Ms. Jigina Kastovskd and Ms. Marcela Kazimirska for
their technical help.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 351

REFERENCES

Anonymous (1997) PA/P Exp. 7/T (97) 15 ANP Products of fermentation. Pharmeuropa,
9, 86-88.

Abe, M. (1951) Researches of ergot fungus. Annual Reports Takeda Research Labs., 10,
73-239. (Parts III to XVII) (In Japan).

Abe, M., Ohmono, S., Ohashi, T. and Tabuchi, T. (1969) Isolation of chanoclavine—(I)
and two new interconvertible alkaloids, rugulovasine A and B, from the cultures of
Penicillium concavo-rugulosum. Agric. Biol. Chem., 33, 469-471.

Abe, M., Yamano, T., Kozu, Y. and Kusumoto, M. (1951) Production of ergot alkaloids
in submerged cultures. J. Agr. Chem. Soc. Japan, 24, 416-422.

Abe, M., Yamano, T., Kozu, Y. and Kusumoto, M. (1952) A new water-soluble ergot
alkaloid, elymoclavine. J. Agr. Chem. Soc. Japan, 25, 458-459.

Abe, M., Yamano, T., Kozu, Y. and Kusumoto, M. (1953) Isolation of a mutant productive
of agroclavine rather excellently even in submerged culture. J. Agr. Chem. Soc.
Japan, 27, 18-23.

Abe, M., Yamano, T., Yamatodani, S., Kozu, Y., Kusumoto, M., Komatsu, H. and
Yamada, S. (1959) On the new peptide-type ergot alkaloids, ergosecaline and
ergosecalinine. Bull. Agr. Chem. Soc. Jap., 23, 246-248.

Abe, M., Yamatodani, S., Yamano, T. and Kusumoto, M. (1961) Isolation of lysergol,
lysergene and lysergine from the saprophytic cultures of ergot fungi. Agric. Biol.
Chem., 25, 594-595.

Adams, R.A. (1962) Process for the production of ergot alkaloids. US pat. 3 117 917.

Agurell, S. (1966) Isolysergol from saprophytic cultures of ergot. Acta Pharmacol. Suecica,
3, 7-10.

Agurell, S. and Ramstad, E. (1965) A new ergot-alkaloid from Mexican maize ergot.
Acta Pharmacol. Suecica, 2, 231-238.

Amici, A.M., Minghetti, A., Scotti, T., Spalla, C. and Tognoli, L. (1966) Production of
ergotamine by a strain of Claviceps purpurea (Fr.) Tul. Experientia, 22, 415-418.

Amici, A.M., Minghetti, A., Scotti, T., Spalla, C. and Tognoli, L. (1967a) Ergotamine
production in submerged culture and physiology of Claviceps purpurea. Appl.
Microbiol., 15, 597-602.

Amici, A.M., Minghetti, A., Scotti, T., Spalla, C. and Tognoli, L. (1967b) Precédé de
fermentation pour la préparation de I’ergocryptine. FR pat. 1 531 205.

Amici, A.M., Minghetti, A., Scotti, T. and Spalla, S. (1968) Ergotamine and ergocryptine.
GB pat. 1158 380.

Amici, A.M., Minghetti, A. and Spalla, C. (1969) Mikrobiologisches Verfahren zur
gleichzeitigen Herstellung von Ergocornin und Ergosin. CH pat. 518 361.

Amici, A.M., Minghetti, A., Tonolo, A. and Spalla, C. (1963) Preparation of lysergic
acid. GB pat. 975 880.

Amici, A.M., Scotti, T., Spalla, C. and Tognoli, L. (1967c) Heterokaryosis and alkaloid
production in Claviceps purpurea. Appl. Microbiol., 15, 611-615.

Amici, A.M., Spalla, C., Scotti, T. and Minghetti, A. (1964) Verfahren zur biosynthetischen
Herstellung einer Mischung von Ergotamin und Ergotaminin in Submersziichtung
unter aeroben Bedingungen. CH pat. 447 191.

Arcamone, E,, Bonino, C., Chain, E.B., Ferretti, A., Pennella, P., Tonolo, A. and Vero, L.
(1960) Production of lysergic acid derivatives by a strain of Claviceps paspali Stevens
et Hall in submerged culture. Nature (London), 187, 238-239.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



352 ZDENTK MALINKA

Arcamone, E,, Chain, E.B., Ferretti, A., Minghetti, A., Pennella, P., Tonolo, A. and Vero, L.
(1961) Production of a new lysergic acid derivative in submerged culture by a strain
of Claviceps paspali Stevens & Hall. Proc. R. Soc., 155B, 26-54.

Barrow, K.D., Mantle, P.O. and Quigley, ER. (1974) Biosynthesis of dihydroergot
alkaloids. Tetrabedron Lett., 16, 1557-1560.

Baumert, A., Erge, D. and Groger, D. (1981) Verfahren zur Herstellung von Ergopeptinen
mit modifiziertem Prolinteil. DD pat. 200 571.

Baumert, A., Erge, D., Groger, D., Maier, W., Schmauder, H.-P. and Schumann, B. (1979a)
Verfahren zur Herstellung von Chanoclavin—I. DD pat. 230 019.

Baumert, A., Erge, D., Groger, D., Maier, W., Schmauder, H.-P. and Schumann, B. (1980)
Verfahren zur Herstellung von Ergosin. EP pat. appl. 022 973.

Baumert, A., Erge, D., Groger, D., Maier, W., Schmauder, H.-P., Schumann, B., Breuel,
K. and Hohne L. (1979b) Verfahren zur Herstellung von Mutterkornalkaloiden.
DD pat. 234 171.

Baumert, A., Erge, D., Groger D., Maier, W., Schmauder, H.-P., Schumann, B., Breuel,
K. and Hohne, L. (1979¢) Verfahren zur Herstellung von Ergotamin. DD pat. 234
172.

Baumert, A. and Groger, D. (1982) Proteolytische Enzymaktivitidten in submers
kultivierten Stimmen von Claviceps purpurea. Biochem. Physiol. Pflanzen, 177,
18-28.

Beacco, E., Bianchi, M.L., Minghetti, A. and Spalla, C. (1977) Ergot alkaloids. GB pat.
1584 464.

Beacco, E., Bianchi, M.L., Minghetti, A. and Spalla, C. (1978) Directed biosynthesis of
analogues of ergot peptide alkaloids with Claviceps purpurea. Experientia, 34, 1291—
1293.

Bianchi, M.L., Cattaneo, P.A., Crespi-Perellino, N., Guicciardi, A., Minghetti, A. and
Spalla, C. (1981) Mechanisms of control in the qualitative biosynthesis of peptidic
ergot alkaloids. In: Abstract book, FEMS Symp. Overprod. Microbial Products.
Hradec Krélové, Czechoslovakia, August 9-14, 1981, p. 71-72.

Bianchi, M.L., Crespi-Perellino, N., Giola, B. and Minghetti, A. (1982) Production by
Claviceps purpurea of two new peptide ergot alkaloids belonging to a new series
containing a-amino-butyric acid. J. Nat. Prod., 45, 191-196.

Bianchi, M., Minghetti, A. and Spalla, C. (1974) Process for production of -ergocryptine.
IT pat. 1 059 516 (In Italian).

Bianchi, M., Minghetti, A. and Spalla, C. (1976) Production of beta-ergocryptine by a
strain of Claviceps purpurea (Fr.) Tul. in submerged culture. Experientia, 32, 145—
146.

Bonns, W.W. (1922) A preliminary study of Claviceps purpurea in culture. Am. J. Bot.,
9, 339-353.

Borowski, E., Braun, K., Breuel, K., Dauth, Ch., Erge, D., Grawert, W., Groger, D.,
Hohne, L., Knothe, E., Miiller, M., Nordmann, G., Schirutschke, R. and Volzke,
K.-D. (1976) Process for fermentative preparation of ergoline derivatives CS pat.
206 196 (In Czech).

Bové, EJ. (1970) The Story of Ergot, S. Karger, Basel, New York.

Boemek, J. (1981) Conservation of Claviceps purpurea (Fr.) Tul. producing strains.
Diss., J.E.P. University, Brno. (In Czech).

Bremek, J., Kougil, M., Alberti, M., Bartos, V., Kiss, G., Kiihnel, E., Lovecka, H., Malinka,

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 353

Z. and Pgihoda, J. (1989) Process for fermentative production of clavine ergot
alkaloids. CZ pat. 272 992 (In Czech).

Bremek, J., Keen, V., @ehdeek, Z., Sajdl, P., Spaéil, J., Malinka, Z., Kozova, J., Krajiek, A.,
Flieger, M. and Pilét, P. (1986a) Process for biological conversion of agroclavine into
elymoclavine by suspensed and immobilized cultures of Claviceps fungi. CS pat. 257
311 (In Czech).

Boemek, J., Malinka, Z. and Harazim, P. (1986b) Influence of chlortetracycline on clavine
ergot alkaloids production by species Claviceps fusiformis In: Abstract Book, 17.
Congr. Czechoslov. Microbiol. Soc., Eeské Budijovice, Czechoslovakia, 23-25
September, 1986, A-14 (In Czech).

Boemek, J., @ehaeek, Z., Pilat, P., Malinka, Z., Pazoutova, S., Chomdtova, S., Spééil, J.,
Rylko, V., Barta, M., Krajiek, A., Kozovd, J., Sajdl, P. and Homolka, L. (1986c¢)
Process for preparation of clavine ergot alkaloids with decreased contents of glucanes
by submerged cultivation of saprophytic Claviceps cultures. CS pat. 261 951 (In
Czech).

Breuel, K. and Braun, K. (1981) Regulationsphinomene bei der Peptidalkaloid-
Biosynthese von Claviceps purpurea. Die Pharmazie, 36, 211.

Breuel, K., Braun, K., Dauth, C. and Groger, D. (1982) Qualitative changes in peptide
alkaloid biosynthesis of Claviceps purpurea by environmental conditions. Planta
Medica, 44, 121-122.

Bumbova-Linhartova, R., Flieger, M., Sedmera, P. and Zima, J. (1991) New aspects of
submerged fermentation of Claviceps paspali. Appl. Microbiol. Biotecbnol., 34,
703-706.

Castagnoli, N. Jr. and Mantle, P.G. (1966) Occurence of D-lysergic acid and 6-methylergol-
8-ene-8-carboxylic acid in cultures of Claviceps purpurea. Nature, 211, 859-860.

Chain, E.B., Bonino, C. and Tonolo, A. (1960) Process for the production of alkaloid
derivatives of lysergic acid. US pat. 3 038 840.

Chomatova, S., Ry$dnova, H., Bgemek, J., @ehaéek, Z., Pilat, P., Homolka, L., Barta, M.,
Malinka, Z. and Kozova, J. (1985) Process for long-term preservation of saprophytic
spores of Claviceps fungus. CS pat. 251 000 (In Czech).

Cimerman, A., Gunde-Cimerman, N. and Meze-Blatnik, J. (1992) MZKIBK—the fungal
culture collection at Boris Kidrie Institute of Chemistry, Ljubljana, Slovenia. Abstract
Book, Biotechnology in Central European Initiative Countries, Graz, Austria, April
13-15, 1992, P86.

Corbett, K., Dickerson, A.G. and Mantle, P.G. (1974) Metabolic studies on Claviceps
purpurea during parasitic development on rye. J. Gen. Microbiol., 84, 39-58.
Crespi-Perellino, N., Ballabio, M., Gioia, B. and Minghetti, A. (1987) Two unusual
ergopeptines produced by a saprophytic culture of Claviceps purpurea. J. Nat. Prod.,

50, 1065-1074.

Crespi-Perellino, N., Guicciardi, A., Minghetti, A. and Spalla, C. (1981) Incorporation of
a-aminobutyric acid into ergostine by Claviceps purpurea. Experientia, 37, 217-
218.

Crespi-Perellino, N., Malyszko, J., Ballabio, M., Gioia, B. and Minghetti, A. (1992)
Directed biosynthesis of unnatural ergot peptide alkaloids. J. Nat. Prod., 55, 424—
427.

Crespi-Perellino, N., Malyszko, J., Ballabio, M., Gioia, B. and Minghetti, A. (1993)
Identification of ergobine, a new natural peptide ergot alkaloid. J. Nat. Prod., 56,

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



354 ZDENTK MALINKA

489-493.

Crespi-Perellino, N., Malyszko, J. and Minghetti, A. (1994) Considerations on the
biosynthesis of ergopeptines. In: Abstract Book, IUMS Congresses 94, Prague,
Czech Republic, July 3rd-8th, 1994, p. 452.

Desai, J.D., Desai, A.]. and Patel, H.C. (1983) Effect of biotin on alkaloid production
during submerged cultivation of Claviceps sp. strain SD-58. Appl. Environ.
Microbiol., 45, 1694-1696.

Desai, J.D., Desai, A. and Shah, S.R. (1982a) Activities of catabolic pathways and alkaloid
biogenesis during submerged cultivation of Claviceps sp. SD-58. Folia Microbiol.,
27,245-249.

Desai, ].D., Desai, A.J. and Vaidya, H.C. (1982b) A new method for isolation of
saprophytic cultures of Claviceps fusiformis from sclerotia. Folia Microbiol., 27,
182-185.

Desai, ]J.D., Patel, H.C. and Desai, A.]. (1986) Effect of Tween series surfactants on
alkaloid production by submerged cultures of Claviceps species. J. Ferment. Tech.,
64, 499-501.

Desai, J.D. and @ehdéek, Z. (1982) Clavine-alkaloid production & cell-lipid accumulation
during the submerged cultivation of Claviceps purpurea (Fr.) Tul. Indian |. Exp.
Biol., 20, 181-183.

De Tempe, J. (1945) Synthesis of alkaloids by Claviceps purpurea (Fr.) Tul. in saprophytic
culture. Diss. Amsterdam (In Dutch).

Didek-Brumec, M., Gaberc-Porekar, V., Alaéevic, M., Druskovié, B. and Soeie, H. (1991a)
Characterization of sectored colonies of a high-yielding Claviceps purpurea strain.
J. Basic Microbiol., 31, 27-35.

Didek-Brumec, M., Gaberc-Porekar, V., Alagevic, M., Miliéiz, S. and Soéie, H. (1991b)
Activation of ergot alkaloid biosynthesis in prototrophic isolates by Claviceps
purpurea protoplast fusion. . Biotecbnol., 20, 271-278.

Didek-Brumec, M., Gaberc-Porekar, V., Alaéevic, M. and Soéie, H. (1992) Strain
improvement of Claviceps purpurea by genetic recombination. Abstract Book,
Biotechnology in Central European Initiative Countries, Graz, Austria, April 13—
15,1992, P123.

Didek-Brumec, M., Gaberc-Porekar, V., Alaéevic, M. and Soéié, H. (1993) Strain
improvement of Claviceps purpurea by protoplast fusion without introducing
auxotrophic markers. Appl. Microbiol. Biotechnol., 38, 746-749.

Didek-Brumec, M., Jezernik, K., Puc, A. and Soeié, H. (1988) Ultrastructural characteristics
of Claviceps purpurea seed cultures. J. Basic Microbiol., 28, 589-598.

Dierkes, W., Lohmeyer, M. and Rehm, H.-J. (1993) Long-term production of ergot
peptides by immobilized Claviceps purpurea in semicontinuous and continuous
culture. Appl. Environ. Microbiol., 59, 2029-2033.

Dinelli, D., Morisi, F. and Cecere, F. (1972) A process for the enzymatic production of L-
tryptophan. GB pat. 1 386 674.

Dowd, P.E, Cole, R.]. and Vesonder, R.E. (1988) Control of insects by fungal tremorgenic
mycotoxins. US pat. 4 973 601.

Eich, E. and Eichberg, D. (1982) Zur antibakteriellen Wirkung von Clavinalkaloiden
und deren partialsynthetischen Derivaten. Planta Medica, 48, 146-147.

Eich, E., Eichberg, D., Schwarz, G., Clas, F. and Loos, M. (1995) Antimicrobial activity
of clavines. Arzneim.-Forsch./Drug Res., 35 (Il), 1760-1763.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 355

Eich, E. and Sieben, R. (1985) 8 a-Hydroxylierung von 6-Nor-Agroclavin und Lysergin
durch Claviceps fusiformis . Planta Medica, 47, 282-283.

Enatsu, T. and Terui, G. (1967) Fermentation process for producing I-tryptophane. US
pat. 3 296 090.

Erge, D., Maier, W. and Groger, D. (1981) Mutational biosynthesis in Claviceps purpurea
(Fr.) Tul. Abstract Book, FEMS Symp. Overprod. Microbial Prod., Hradec Kralové,
Czechoslovakia, August 9-14, 1981, 221.

Erge, D., Schumann, B. and Groger, D. (1984) Influence of tryptophan and related
compounds on ergot alkaloid formation in Claviceps purpurea (Fr.) Tul. Z. Allgem.
Mikrobiol., 24, 667-678.

Erge, D., Schumann, B., Schmauder, H.-P., Groger, D., Maier, W., Baumert, A., Braun,
K., Breuel, K., Hohne, L. and Ludwigs, J. (1982) Verfahren zur Herstellung von
Ergocristin. DD pat. 212 749.

Erge, D., Wenzel, A. and Groger, D. (1972) Physiology of alkaloidsynthesis in species of
Claviceps. Biochem. Physiol. Pflanzen, 163, 288. (In German)

Esser, K. and Diuvell, A. (1984) Biotechnological exploitation of ergot fungus (Claviceps
purpurea). Process Biochemistry, 19, 142-149.

Esser, K. and Tudzynski, P. (1978) Genetics of the ergot fungus Claviceps purpurea. 1.
Proof of a monoecious life cycle and segregation patterns for mycelial morphology
and alkaloid production. Theor. Appl. Genet., 53, 145-149.

Fiedler, F., Zenk, M., Gundlach, H., Weber, A. and Kennecke, M. (1989) Verfahren zur
Steigerung von Enzym-Aktivitaten und der Syntheseleistung von Mikroorganismen
und hoheren Pflanzen. EP pat. 0325 933.

Flieger, M., Linhartovd, R., @ehaéek, Z., Sajdl, P., Stuchlik, J., Malinka, Z., Harazim, P.,
Cvak, L. and Bgemek, J. (1989a) Industrial strain of microorganism Claviceps paspali
Stevens et Hall. CCM 8061. CZ pat. 276 430 (In Czech).

Flieger, M., Linhartov4, R., @ehaéek, Z., Sajdl, P., Stuchlik, J., Malinka, Z., Harazim, P.,
Cvak, L. and Bgemek, J. (1989b) Process for production of lysergic acid simple
derivatives. CZ pat. 281 196 (In Czech).

Flieger, M., Linhartova, R., Sedmera, P., Zima, J., Sajdl, P., Stuchlik, J. and Cvak, L.
(1989¢) New alkaloids of Claviceps paspali. J. Nat. Prod., 52, 1003-1007.

Flieger, M., Sedmera, P., Havlieek, V., Cvak, L. and Stuchlik, J. (1993) 10-hydroxy-cis-
and 10-hydroxy-#rans-paspalic acid amide: New alkaloids from Claviceps paspali.
J. Nat. Prod., 56, 810-814.

Flieger, M., Sedmera, P., Vokoun, J., @ehdeek, Z., Stuchlik, J., Malinka, Z., Cvak, L. and
Harazim, P. (1984) New alkaloids from a saprophytic culture of Claviceps purpurea.
J. Nat. Prod., 47, 970-976.

Flieger, M., Sedmera, P., Vokoun, J., @ici€ova, A. and @ehaéek, Z. (1982) Separation of
four isomers of lysergic acid a-hydroxy-ethylamide by liquid chromatography and
their spectroscopic identification. J. Chromatogr., 236, 453-459.

Flieger, M., Votruba, J., Kgen, V., Pazoutova, S., Rylko, V., Sajdl, P. and @ehaéek, Z.
(1988) Physiological control and process kinetics of clavine alkaloid production by
Claviceps purpurea. Appl. Microbiol. Biotechnol., 29, 181-185.

Flieger, M., Votruba, J., Sajdl, P., Stuchlik, J., Cvak, L., Harazim, P. and Malinka, Z.
(1987) Process for submerged fermentation production of ergot alkaloids by directed
physiological conditions. CS pat. 268 211 (In Czech).

Flieger, M., Wurst, M. and Shelby, R. (1997) Ergot alkaloids-sources, structures and
analytical methods. Folia Microbiol., 42, 3-30.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



356 ZDENTK MALINKA

Flieger, M., Zelenkova, N.E,, Sedmera, P., Keen, V., Novdk, J., Rylko, V., Sajdl, P. and
Behaeek, Z. (1989d) Ergot alkaloid glycosides from saprophytic cultures of Claviceps.
l. Elymoclavine. J. Nat. Prod., 52, 506-510.

Floss, H.G. (1976) Biosynthesis of ergot alkaloids and related compounds. Tetrabedron,
32, 873-912.

Floss, H.G., Giinther, H., Mothes, U. and Becker, 1. (1967) Isolierung von Elymoclavine-
O-f-D-fruktosid aus Kulturen des Mutterkornpilzes. Z. Naturforsch., 22b, 399—
402.

Floss, H.G., Basmadjian, G.P., Tcheng, M., Groger, D. and Erge, D. (1971a) Biosynthesis
of peptide-type ergot alkaloids. Ergocornine and ergocryptine. Lloydia, 34, 446-448.

Floss, H.G., Basmadjian, G.P., Tcheng, M., Spalla, C. and Minghetti, A. (1971b)
Biosynthesis of peptide-type ergot alkaloids. Ergotamine. Lloydia, 34, 442-445.

Fukuda, H. (1986) Process for secretive fermentation of lipids by fungi or algae. EP pat.
207 475.

Gaberc-Porekar, V., Didek-Brumec, M. and Soeie, H. (1981) Direct selection of active
Claviceps colonies on agar plates. Abstract Book, FEMS Symp. Overprod. Microbial
Prod., Hradec Kréilové, Czechoslovakia, August 9-14, 1981, 220.

Gaberc-Porekar, V., Didek-Brumec, M. and Soe¢ie, H. (1983) Direct selection of active
Claviceps colonies on agar plates. Z. Allgem. Mikrobiol., 23, 95-98.

Gaberc-Porekar, V., Didek-Brumec, M. and Soegie, H. (1990) Carbohydrate metabolism
during submerged production of ergot alkaloids. Appl. Microbiol. Biotechnol., 34,
83-86.

Gaberc-Porekar, V., Didek-Brumec, M. and Soéié, H. (1992a) Correlation studies between
tricarboxylic acid cycle and metabolic pathways of lipids and ergot alkaloids in a
high-yielding Claviceps purpurea strain. Abstract Book, Biotechnology in Central
European Initiative Countries, Graz, Austria, 13-15 April 1992, P124.

Gaberc-Porekar, V., Didek-Brumec, M. and Soeié, H. (1992b) Metabolic block of
tryptophan synthesis in Claviceps purpurea cultures. Abstract Book, Biotechnology
in Central European Initiative Countries, Graz, Austria, 13-15 April 1992, P125.

Gaberc-Porekar, V., Soeie, H., Pertot, E. and Milieig, S. (1987) Metabolic changes in a
conidia-induced Claviceps paspali strain during submerged fermentation. Can. J.
Microbiol., 33, 602-606.

Grm, B., Mele, M. and Kremser, M. (1980) Model of Growth and Ergot Alkaloid
Production by Claviceps purpurea. Biotechnol. Bioeng., 22, 255-270.

Groger, D. (1965) Uber die Bildung von Lysergsiurederivaten in Submerskultur von
Claviceps paspali. 3. Mitteilung: Izolation von Chanoclavin—(I). Pharmazie, 30,
523-524.

Groger, D., Groger, L., D’Amico, D., He, M.-X. and Floss, H.G. (1991) Steric course of
the N-methylation in the biosynthesis of ergot alkaloids by Claviceps purpurea. .
Basic Microbiol., 31, 121-125.

Groger, D., Schmauder, H.-P., Johne, S., Maier, W. and Erge, D. (1977) Verfahren zur
Gewinnung von Ergosin. DD pat. 129 801.

Gubaoski, M. and Lowkis, L. (1964) Effect of the ergot inhibitor (Claviceps purpurea)
on the tobacco mosaic virus (TMV). Acta Microbiol. Polonica, 13, 169-175.
Harazim, P., Malinka, Z. and Bgemek, J. (1986) Influence of inoculation mediums
composition with different carbon source on fermentative production of lysergic
acid alpha-hydroxyethylamide. Abstract Book, 17th Congr. Czecboslov. Microbiol.
Soc., Eeské Budijovice, Czechoslovakia, September 23-25, 1986, p. A-16 (In Czech).

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 357

Harazim, P., Malinka, Z., Stuchlik, J., Cvak, L., Bgemek, J., Flieger, M, Linhartov4, R.,
@ehaéek, Z. and Sajdl, P. (1989) Industrial strain of microorganism Claviceps paspali
Stevens et Hall. CCM 8063. CZ pat. 276 032 (In Czech).

Harazim, P., Valik, J., Malinka, Z. and Kybal, J. (1984) Process for fermentative
production of ergot inoculating material. CS pat. 243 009 (In Czech).

Harris, J.R. and Horwell, D.C. (1992) Conversion of agroclavine to lysergol. Synthetic
Communications, 22, 995-999.

Hofmann, A., Brunner, R., Kobel, H. and Brack, A. (1957) New alkaloid from saprophytic
culture of ergot fungus in Pennisetum typhoideum Rich. Helv. Chim. Acta, 40,
1358-1373 (In German).

Homolka, L., Pilat, P., @ehaéek, Z., Barta, M., Chomatova, S., Malinka, Z. and Bgemek,
J. (19835) Process for evaluation of producing ability of microbial eukaryote isolates,
producing ergot alkaloids. CS pat. 259 670 (In Czech).

Hunter-Cervera, J.C. and Belt, A. (1996) Maintaining Cultures for Biotechnology and
Industry . Academic Press, New York.

Janardhan, K.K. and Husain, A. (1984) A new strain of Claviceps paspali Stevens et
Hall producing ergometrine in submerged culture. Proc. Indian natn. Sci. Acad.,
B50, 438-440.

Johal, S.S. and Cash, H.S. (1989) Recovery of polysaccharides by employing a divalent
cation with a water miscible organic solvent. US pat. 4 960 697.

Keller, U. (1983) Highly efficient mutagenesis of Claviceps purpurea by using protoplasts.
Appl. Environment. Microbiol., 46, 580-584.

Keller, U., Han, M. and Stoffler-Meilicke, M. (1988) D-lysergic acid activation and cell-
free synthesis of D-lysergyl peptides in enzyme fractions from the ergot fungus
Claviceps purpurea. Biochemistry, 27, 6164-6170.

Keller, U., Zocher, R. and Kleinkauf, H. (1980) Biosynthesis of ergotamine in protoplasts
of Claviceps purpurea. |. Gen. Microbiol., 118, 485-494.

Kim, S.-U. and Anderson, J.A. (1982) Conversion of elymoclavine to paspalic acid by a
paniculate fraction from an ergotamine-producing strain of Claviceps sp. Planta
Medica, 47, 141.

Kim, S.-U., Cho, Y.-J., Floss, H.G. and Anderson, J.A. (1983) Conversion of elymoclavine
to paspalic acid by a paniculate fraction from an ergotamine-producing strain of
Claviceps sp. Planta Medica, 48, 145-148.

Kim, L.-S., Kim, S.-U. and Anderson, J.A. (1981) Microsomal agroclavine hydroxylase
of Claviceps species. Phytochemistry, 20, 2311-2314.

Kiniczky, M., Tétényi, P., Kiss, J., Zdmbo, I. and Balossa, J. (1982) Process for conservation
of ergot and yeast spores. HU pat. 181 706 (In Hungarian).

Kirsop, B. and Snell, LI. (eds.) (1984) Maintenance of Microorganisms. A Manual of
Laboratory Methods. Academic Press, London.

Kleinerovd, E. (1975) Metabolism of ergot Claviceps purpurea (Fr.) Tul. and relationship
with alkaloid biosynthesis. Dissertation, Charles Univ., Prague (In Czech).

Kobel, H. (1969) Degenerationsprobleme bei Produktionsstimmen von Claviceps.
Pathologia Microbiol., 34, 249-251.

Kobel, H., Brunner, R. and Brack, A. (1962) Vergleich der Alkaloidbildung von Claviceps
purpurea in Parasitischer und Saprophytischer Kultur. Experientia, 18, 140-142.

Kobel, H. and Sanglier, ]J.-J. (1976) Precédé de fabrication d’alcaloides du groupe de
Pergotoxine par fermentation combinée. FR pat. 2 307 870.

Kobel, H. and Sanglier, J.-J. (1978) Formation of ergotoxine alkaloids by fermentation

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



358 ZDENTK MALINKA

and attempts to control their biosynthesis. In: R.Hiitter, T.Leisinger, J.Niiesch, W.
Wehrli, (eds.) Antibiotics and other secondary metabolites. FEMS Symposium No.
5. Academic Press, London, pp. 233-242.

Kobel, H. and Sanglier, J.-J. (1986) Ergot Alkaloids. In H.J.Rehm and G.Reed, (eds.).
Biotechnology, Vol. 4, VCH, Weinheim, Germany, pp. 569-609.

Kobel, H., Sanglier, J.-]., Tscherter, H. and Boilinger, G. (1982) Ergot peptide alkaloids,
their preparation and pharmaceutical compositions containing them. GB pat. 2109
795.

Kobel, H. and Schreier, E. (1966) Verfahren fiir Gewinnung von Lyserg Saure Derivaten.
CH pat. 482 831.

Kobel, H., Schreier, E. and Rutschmann, J. (1964) Mutterkorn Alkaloiden 60. 6-Methyl
A%’-ergolen-8-carbosdure ein neues Ergolinderivat aus Kulturen eines Stammes von
Claviceps paspali Stevens et Hall. Helv. Chim. Acta, 47, 1052-1064.

Komel, R., Rozman, D., Puc, A. and Soéie, H. (1985) Effect of immobilization on the
stability of Claviceps purpurea protoplasts. Appl. Microbiol. Biotechnol., 23, 106—
109.

Kopp, B. (1987) Long-term alkaloid production by immobilized cells of Claviceps
purpurea. In: Methods in Enzymology, 136, 317-329.

Kopp, B. and Rehm, H.J. (1983) Alkaloid production by immobilized mycelia of Claviceps
purpurea. Eur.]. Appl. Microbiol. Biotechnol., 18, 257-263.

Kopp, B. and Rehm, H.]. (1984) Semicontinuous cultivation of immobilized Claviceps
purpurea. Appl. Microbiol. Biotechnol., 19, 141-145.

Kosir, B., Smole, P. and Povsie, Z. (1981) Influence of some factors on yield and quality
of ergot sclerotiums. Farm. Vestn. (Ljubljana) 32, 21-25 (In Slovenian).

Kozikowski, A.P., Chen, C., Wu, J.-P., Shibuya, M., Kim, C.-G. and Floss, H.G. (1993)
Probing ergot alkaloid biosynthesis: Intermediates in the formation of ring C. J.
Am. Chem. Soc., 115, 2482-2488.

Kozlovsky, A.G., Arinbasarov, M.U., Solovieva, T.F., Angelov, T.J., Slokoska, L.S.,
Angelova, M.B. and Veliekov, I.G. (1978) Process for production of elymoclavine.
SU pat. 735 010 (In Russian).

Kozlovsky, A.G., Solovieva, T.F.,, Adanin, V.M. and Skryabin, G.K. (1979) Process for
preparing epoxyagroclavine. SU pat. 955 693 (In Russian).

Kozlovsky, A.G., Solovieva, T.E, Sakharovsky, V.G. and Adanin, V.M. (1982) Ergot
alkaloids agroclavine-1 and epoxyagroclavine-I-metabolites of Penicillium
corylophilum. Prikl. Biokhim. Mikrobiol., 18, 535-541 (In Russian).

Kgen, V. (1991) Bioconversions of ergot alkaloids. In A.Fiechter (ed.), Advances in
Biochemical Engineering/Biotechnology, Springer, Germany, pp. 123-144.

Kgen, V., Bgemek, J., Flieger, M., Kozovd, J., Malinka, Z. and @ehaéek, Z. (1989a)
Bioconversion of agroclavine by free and immobilized Claviceps fusiformis cells.
Enzyme Microb. Technol., 11, 685-691.

Kgen, V., Chomaitova, S., Bsemek, J., Pilat, P. and @ehdéek, Z. (1986a) Effect of some
broad-spectrum antibiotics on the high-production strain Claviceps fusiformis W 1.
Biotechnol. Lett., 8, 327-332.

Kgen, V., Harazim, P. and Malinka, Z. (1994) Claviceps purpurea (ergot): culture and
bioproduction of ergot alkaloids. In Y.P.S.Bajaj, (ed.), Biotechnology in Agriculture
and Forestry 28, Medicinal and Aromatic Plants VII, Springer-Verlag, Berlin,
Germany, pp. 139-156.

Koen, V., Kozova, J. and @ehaeek, Z. (1986b) Production of ergot alkaloids by Claviceps

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 359

fusiformis immobilized cells in semicontinuous and continuons process. In: Abstract
Book, 17. Congres Czechoslov. Microbiol. Soc., Eeské Budijovice, Czechoslovakia,
23-25. September, 1986, p. A-17 (In Czech).

Kgen, V., Mehta, P., Rylko, V., Flieger, M., Kozova, J., Sajdl, P. and @ehaeek, Z. (1987)
Substrate regulation of elymoclavine formation by some saccharides. Zentralbl.
Mikrobiol., 142, 71-85.

Kgen, V., Pazoutova, S., Pezanka, T. and Sajdl, P. (1988a) Chlorophenoxyacids influence
ergot alkaloid production in Claviceps cultures by modification of cell-membrane
lipid composition. Abstract Book, 2nd Internal. Symp. Overprod. Microbial
Products, Eeské Budijovice, Czechoslovakia, July 3-8, 1988, 156.

K gen, V., Pazoutova, S., Rylko, V., Sajdl, P., Wurst, M. and @ehdeek, Z. (1984).
Extracellular metabolism of sucrose in a submerged culture of Claviceps purpurea:
Formation of monosaccharides and clavine alkaloids. Appl. Environ. Microbiol.,
48, 826-829.

Koen, V., Pazoutovd, S. and Sajdl, P. (1988b) Chlorophenoxyacids alters lipid composition
and protoplast membrane fluidity in Claviceps cells. Abstract Book, IUB 14th
Internal. Congress of Biochemistry, Prague, Czechoslovakia, July 10-15, 1988, TU,
p. 97.

Kgen, V. and @ehaeek, Z. (1984) Feedforward regulation of phosphofructokinase in a
submerged culture of Claviceps purpurea producing clavine alkaloids. Speculat. in
Sci. and Technol., 7,223-226.

Koen, V., @ehdeek, Z., Kozova, J., Sajdl, P. and Ludvik, J. (1985) Process for production
of elymoclavine alkaloid by semicontinuous cultivation of fungus Claviceps
immobilized cells. CS pat. 250 474 (In Czech).

Koen, V., Sajdl, P., Flieger, M. and Svatos, A. (1989b) Method for preparing ergot alkaloid
fructosides. CZ pat. 280 415 (In Czech).

Koen, V., Sajdl, P., Malinka, Z. and Bgemek, J. (1989c¢) Industrial strain of Claviceps
purpurea (Fr.) Tul. 88-EP-47/1989. CS pat. 275 000 (In Czech).

Koen, V., Sajdl, P., @ehaéek, Z., Malinka, Z. and Bgemek, J. (1988c¢) Industrial strain of
Claviceps purpurea (Fr.) Tul. 88-EP/1988 for elymoclavine preparation. CZ pat.
272 562 (In Czech).

Krustev, H.1., Slokoska, L.S. and Grigorov, I.V. (1984) Electron microscopic investigations
of Claviceps sp. CP II, producer of clavine alkaloids. Dokl. Bolg. Akad. Nauk, 37,
1233-1236 (In Bulgarian).

Kubec, K., Eulik, K., Hilbert, O., Kybal, J. and Severa, Z. (1974) Process for preparation
of durable storable material for preparation of inoculum by field ergot production.
CS pat. 155 440 (In Czech).

Kybal, J. (1955) Process for preparation of durable rye inoculating material of ergot. CS
pat. 86 302 (In Czech).

Kybal, J. (1963) Process for Claviceps purpurea (Fr.) Tul. cultivation. CS pat. 114 933
(In Czech).

Kybal, J. (1981) Vegetative Differenzierung von Claviceps purpurea in Saprophytischer
Kultur als Voraussetzung der Alkaloidsynthese. Pharmazie, 36, 212.

Kybal, J., Horak, P., Brejcha, V. and Kudrnae, S. (1956) Monokonidienisolation und
deren Bedeutung bei der Selektion von Rassen und Stimmen des Mutterkorns. Abb.
Deutsch. Akad. Wiss. Berlin. f. Chem. Geol.-Biol., 7, 236-242.

Kybal, J., Malinka, Z., Harazim, P., Stuchlik, J., Spaeil, J. and Svoboda, E. (1979) Process

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



360 ZDENTK MALINKA

for fermentative production of ergot alkaloids with directed ratio of ergocornine, a.-
ergokryptine and f-ergokryptine. CS pat. 202 613 (In Czech).

Kybal, J. and Nesrsta, M. (1994) Ecological plant protection-reneval of equilibrium
between pests and their natural antagonists. In: Abstract Book, IUMS Congresses,
Prague, Czech Republic, July 3-8, 1994, p. 464.

Kybal, J., Nesrsta, M., Strnadova, K., B gemek, J., Valik, J. and Povazskd, H. (1990)
Process for production of storable preparations with high content of live spores of
filamentous fungi. CS pat. 276 530 (In Czech).

Kybal, J., Protiva, J., Strnadova, K., Stary, F. and Cekan, Z. (1960) Process for artificial
cultivation of ergot fungus. CS pat. 104 613 (In Czech).

Kybal, J. and Stary, F. (1958) Beitrag zur biologischen Problematik der Saprophytischen
Kultur von Claviceps purpurea (Fries) Tul. Planta Medica, 6, 404-409.

Kybal, J. and Strnadovd, K. (1968) Den Ertrag von Mutterkorn bei Feldmassiger Kultur
bestimmende Faktoren. Herba Hungar. 7, 123-135.

Kybal, J. and Strnadova, K. (1982) Process for production of large amount of
physiologicaly high active conidies of Claviceps purpurea (Fr.) Tul. CS pat. 227 392
(In Czech).

Kybal, J., Svoboda, E. and Kleinerova, E. (1978) Utilization of malic acid and its
importance for the biosynthesis of peptide ergot alkaloids. Abstract Book, 14th
Ann. Meet. of Czechoslov. Soc. Microbiol., Prague, Czechoslovakia, October 17—
19, 1978.

Kybal, J., Svoboda, E., Strnadova, K. and Kejzlar, M. (1981) Role of organic acid
metabolism in the biosynthesis of peptide ergot alkaloids. Folia Microbiol., 26,
112-119.

Kybal, J. and Vleek, V. (1976) A simple device for stationary cultivation of microorganisms.
Biotechnol. Bioeng., 18, 1713-1718.

Lapis, K., Kopper, L., Szende, B., Patthy, A., Molnar, G. and Tyihak, E. (1978) Antitumour
protein prepared from Claviceps strain. HU pat. appl. T 14 568 (In Hungarian).

Linhartova, R., Pazoutova, S., Sajdl, P. and @eha éek, Z. (1988) Production and degradation
of simple lysergic acid derivatives in submerged cultures of Claviceps paspali MG-6.
Abstract Book, 2nd Internal. Symp. Overprod. Microbial Products, Eeské Budijovice,
Czechoslovakia, July 3-8, 1988.

Lohmeyer, M., Dierkes, W. and Rehm, H.-J. (1990) Influence of inorganic phosphate
and immobilization on Claviceps purpurea. Appl. Microbiol. Biotechnol., 33, 196—
201.

Lohmeyer, M. and Sander, B. (1993) Cultivation of immobilized cells of Claviceps
purpurea in bioreactors. J. Ferment. Bioeng., 76, 376-381.

Losecke, W., Neumann, D. and Groger, D. (1981) Zusammenhinge zwischen
Alkaloidbildung und Ultrastruktur bei Claviceps purpurea in Submerskultur.
Pharmazie, 36, 211.

Losecke, W., Neumann, D., Schmauder, H.-P. and Groéger, D. (1980) Ultrastructure of
submerged non-alkaloid producing strains of Claviceps purpurea (Fr.) Tul. Biochem.
Physiol. Pflanzen, 175, 552-561.

Losecke, W., Neumann, D., Schmauder, H.-P. and Groger, D. (1982) Changes in cytoplasmic
ultrastructure during submerged cultivation of a peptide alkaloids-producing strain
of Claviceps purpurea (Fr.) Tul. Z. Allgemeine Mikrobiol., 22, 49-61.

Ludwigs, J., Volzke, K., Knothe, E., Schmauder, H.-P., Groger, D. and Schumann, B.
(1985) Verfahren zur Herstellung von alpha—Ergokryptin. DD pat. 288 836.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 361

Maier, W., Erge, D. and Groger, D. (1971) Zur Biosynthese von Ergotoxinalkaloiden in
Claviceps purpurea. Biochem. Physiol. Pflanzen, 161, 559-569.

Maier, W., Erge, D. and Groger, D. (1980a) Mutational biosynthesis in a strain of Claviceps
purpurea. Planta Medica, 40, 104-108.

Maier, W., Erge, D. and Groger, D. (1983) Further studies on cell-free biosynthesis of
ergotamine in Claviceps purpurea. FEMS Microbiol. Lett., 20, 233-236.

Maier, W., Erge, D., Schmidt, J. and Groger, D. (1980b) A blocked mutant of Claviceps
purpurea accumulating chanoclavine-I-aldehyde. Experientia, 36, 1353-1354.
Maier, W., Erge, D., Schumann, B. and Groger, D. (1981) Incorporation of L-[U*C]lleucine
into ergosine by cell-free extracts of Claviceps purpurea (Fr.) Tul. Biochem. Biophys.

Res. Commun., 99, 155-162.

Maier, W., Schumann, B. and Groger, D. (1988a) Effect of chlorsulfuron, a potent inhibitor
of acetohydroxyacid synthase, on metabolism of Claviceps purpurea. Z.
Naturforsch., 43¢, 403-407.

Maier, W., Schumann, B. and Groger, D. (1988b) Microsomal oxygenases involved in
ergoline alkaloid biosynthesis of various Claviceps strains. J. Basic Microbiol., 28,
83-93.

Majer, J., Kybal, J. and Komersovd, 1. (1967) Ergot alkaloids. 1. Biosynthesis of the
peptide side chain. Folia Microbiol., 12, 489-491.

Malinka, Z. (1982) Konstanter Luftdurchsatz fur den biologischem Prozess.
Messen+Steuern, 44, 37.

Malinka, Z. (1988) Physiological state of the culture by fermentation production of the
ergot alkaloids In: Industrial biocbemicals-Interbiotech 88, Bratislava, June 29-
July 1, 1988, 61.

Malinka, Z. and Bgemek, J. (1989) Biotransformation of the clavine alkaloids by the
submerged cultures of Claviceps. Abstract Book, 19th Meeting FEBS, Rome, Italy,
July 2-7, 1989, FR 251.

Malinka, Z., Beemek, J., Harazim, P. and Pildt, P. (1986) Clavine ergot alkaloids production
by Claviceps culture in dependence on inoculating material. Abstract Book, 17th
Congr. Czechoslov. Microbiol. Soc., Eeské Budijovice, Czechoslovakia, September
23-25, 1986, A-15. (In Czech).

Malinka, Z., Bremek, J. and Pilat, P. (1988) Production of clavine alkaloids at maintenance
and transfers of Claviceps cultures. In: Abstract Book, 2nd International Symp.
Owverprod. Microbial Products, Eeské Budijovice, Czechoslovakia, July 3-8, 1988,
158.

Malinka, Z., Harazim, P., Bgemek, J. and Valik, J. (1987) Influence of aminoacids in ergot
alkaloid biosynthesis. Bulletin Es. spol. biochem. psi ESAV, 15, 107 (In Czech).

Mantle, P.G. (1969) Development of alkaloid production iz vitro by a strain of Claviceps
purpurea from Spartia townsendii. Trans. Br. Mycol. Soc., 52, 381-392.

Mantle, P.G. (1975) Industrial exploitation of ergot fungi. In: J.E.Smith, D.R.Berry, (eds.)
The Filamentous Fungi 1. Industrial Mycology, Arnold, London, pp. 281-300.

Mantle, P.G. and Nisbet, L.J. (1976) Differentiation of Claviceps purpurea in axenic
culture. J. Gen. Microbiol., 93, 321-324.

Mantle, P.G. and Waight, E.S. (1968) Dihydroergosine: A new naturally occurring alkaloid
from the sclerotia of Sphacelia sorghi (McRae). Nature, 218, 581-582.

Mary, N.Y., Kelleher, W.J. and Schwarting, A.E. (1965) Production of lysergic acid
derivatives in submerged culture. III. Strain selection on defined media. Lloydia,
28, 218-229.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



362 ZDENTK MALINKA

Mat’ha, V. (ed.) (1993) The Story of the Czech Cyclosporin A. Galena, Opava-Komarov,
Czech Republic.

Mat’ha, V., Jegorov, A., Weiser, J., Harazim, P., Malinka, Z. and Stuchlik, J. (1993)
Productlon of cyclosporlns by Tolypocladium terrtcola in stationary cultivation.
Microbios, 75, 83-90.

Matosig, S., Mehak, M., Ercegovig, L. and Brajkoviz, N. (1988a) Improvement of ergot
alkaloide biosynthesis by means of immobilized cells of Claviceps paspali. Abstract
Book, 2nd Internat. Symp. Overprod. Microbial Products, Eeské Budejovice,
Czechoslovakia, July 3-8, 1988, 63.

Matosia, S., Mehak, M., Ercegovig, L. and Brajkoviz, N. (1988b) Effect of surfactans on
biosynthesis of ergot alkaloids by means of immobilized mycelium of Claviceps
paspali. Abstract Book, 8th Internat. Biotechnology Symp., Paris, France, July 17—
22,1988, 309.

McCrea, A. (1931) The reactions of Claviceps purpurea to variations of environment.
Am. ]. Bot., 18, 50-78.

McCrea, A. (1933) Ergot preparation and process of obtaining same. U.S. pat. 2 056
360

Milieig, S., Kremser, M., Gaberc-Porekar, V., Didek-Brumec, M. and Soeie, H. (1987)
Correlation between growth and ergot alkaloid biosynthesis in Claviceps purpurea
batch fermentation. Appl. Microbiol. Biotechnol., 27, 117-120.

Miliei, S., Kremser, M., Gaberc-Porekar, V., Didek-Brumec, M. and Soéié, H. (1989) The
effect of aeration and agitation on Claviceps purpurea dimorphism and alkaloid
synthesis during submerged fermentation. Appl. Microbiol. Biotechnol., 31, 134-
137.

Miliéig, S., Kremser, M., Povsié, Z. and Soéié, H. (1984) Growth and sporulation of the
fungus Claviceps purpurea in batch fermentation. Appl. Microbiol. Biotechnol.,
20, 356-359.

Milieig, S., Veluséek, J., Kremser, M. and Soeie, H. (1993) Mathematical modeling of
growth and alkaloid production in Claviceps purpurea batch fermentation.
Biotechnol. Bioeng., 41, 503-511.

Minghetti, A., Spalla, C. and Tognoli, L. (1967) Fermentatives Verfahren zur Herstellung
von Ergocristin. DE pat. 1 806 984.

Molnar, G. and Tétényi, P. (1962) Process of ergometrine, ergokryptine and ergocornine
production by saprophytic cultivation. HU pat. 150 631 (In Hungarian).

Molnir, G., Tétényi, P., Udvardy Nagy, E., Wack, G. and Wolf, L. (1964) Verfahren zur
biosynthetischen Herstellung eines Mutterkornalkaloidgemisches. CH pat. 455 820.

Mothes, K., Winkler, K., Groger, D., Floss, H.G., Mothes, U. and Weygand, F. (1962)
Uber die Umwandlung von Elymoclavin in Lysergsidurederivate durch
Mutterkornpilze (Claviceps). Tetrabedron Lett., 21, 933-937.

Nagy, A., Zalai, K., Manczinger, L. and Ferenczy, L. (1994) Interspecific protoplast
fusion between Claviceps fusiformis and Claviceps purpurea auxotrophic
mutants. Abstract Book, 7th IUMS Congresses, Prague, Czech Rep., July 3-8,
1994, 454.

Neéasek, J. (1954) Monosporic isolation of fungi. Preslia, 26, 105-109 (In Czech).

Nesrsta, M. (1989) Effectioness of the industrial production of mycopesticides. In.
Abstract Book, Biopesticides, theory and practice, September 25-28, 1989, Eeské
Budijovice, Czechoslovakia, 22.

Nordmann, G. and Biarwald, G. (1981) Untersuchungen zur Mutabilitit von Claviceps

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 363

purpurea unter besonderer Beriicksichtigung der Leistungssteigerung saprophytischer
Alkaloidbildner. Pharmazie, 36, 211.

Oishi, K., Sugiyama, S. and Yokota, T. (1984) Preparation of plant-growth controlling
component by microorganism. JP pat. 61 067 491 (In Japanese).

Olasz, K., Gadl, T. and Zalai, K. (1982) Improvement of Claviceps purpurea by mutagenic
treatment of protoplast. Acta Biochim. Biophys. Acad. Sci. Hungar., 17, 126.
Otsuka, H., Quigley, ER., Groger, D., Anderson, J.A. and Floss, H.G. (1980) In vivo
and in vitro evidence for N-methylation as the second pathway-specific step in

ergoline biosynthesis. Planta Medica, 40, 109-119.

Page, G.V., Scire, B. and Farbood, M. (1989) A method for the preparation of “natural”
methyl anthranilate. WO pat appl. 89/00203.

Patel, H.C. and Desai, ].D. (1985) Phosphate transport in Claviceps sp. strain SD-58.
Experientia, 41, 96-97.

Pazoutovd, S., Flieger, M., Rylko, V., Kgen, V. and Sajdl, P. (1987a) Effect of cultivation
temperature, clomiphene and nystatin on the oxidation and cyclization of
chanoclavine in submerged cultures of the mutant strain Claviceps purpurea 59.
Curr. Microbiol., 15, 97-101.

Pazoutova, S., Flieger, M., Sajdl, P. and @eh4 ek, Z. (1981a) The relationship between
intensity of oxidative metabolism and predominance of agroclavine or elymoclavine
in submerged Claviceps purpurea cultures. J. Nat. Prod., 44, 225-235.

Pazoutovd, S., Keen, V., @ezanka, T., Amler, E., Flieger, M., Rylko, V. and Sajdl, P. (1989)
Effect of triadimefon on lipids, sterols and membrane fluidity in submerged cultures
of Claviceps purpurea. Pestic. Biochem. Physiol., 34,211-217.

Pazoutova, S., Kgen, V., @ezanka, T. and Sajdl, P. (1988) Effect of clomiphene on fatty
acids, sterols and membrane fluidity in clavine producing Claviceps purpurea strains.
Biochem. Biophys. Res. Commun., 152, 190-196.

Pazoutova, S., K gen, V., Rylko, V. and @eha éek, Z. (1986) Direction of clavine alkaloid
biosynthesis and conversion in submerged cultures of Claviceps strains. Abstract
Book, 17th Congr. Czechoslov. Microbiol. Soc., Eeské Budijovice, Czechoslovakia,
September 23-25, 1986, A-9 (In Czech).

Pazoutovd, S., K gen, V., Rylko, V. and Sajdl, P. (1987b) Composition of lipids and
membrane enzymes in Claviceps fungi. Bull Es. spol. biochem., 15, 109 (In
Czech).

Pazoutova, S., Kgen, V. and Sajdl, P. (1990) The inhibition of ciavine biosynthesis by 5-
fluorotryptophan; a useful tool for the study of regulatory and biosynthetic
relationships in Claviceps. Appl. Microbiol. Biotechnol., 33, 330-334.

Pazoutova, S., Pokorny, V. and @eha éek, Z. (1977) The relationship between conidiation
and alkaloid production in saprophytic strain of Claviceps purpurea. Can. ].
Microbiol., 23, 1182-1187.

Pazoutovd, S. and @ehd éek, Z. (1978) Regulation of biosynthesis of clavine alkaloids by
phosphate and citrate. Abstract Book, 14th Annual Meet. Czechoslov. Soc.
Microbiol., Prague, Czechoslov., October 17-19, 1978, 30-31.

Pazoutova, S. and Pehdéek, Z. (1981a) Correlation of sugar catabolism changes with
alkaloid synthesis in Claviceps purpurea 129. Abstract Book, FEMS Symp. Overprod.
Microbial Products, Hradec Kralové, Czechoslovakia, August 9-14, 1981, 145.

Pazoutova, S. and @ehdéek, Z. (1981b) The role of citrate on the oxidative metabolism of
submerged cultures of Claviceps purpurea 129. Arch. Microbiol., 129, 251-253.

Pazoutovd, S. and @eha éek, Z. (1984) Phosphate regulation of phosphatases in submerged

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



364 ZDENTK MALINKA

cultures of Claviceps purpurea 129 producing clavine alkaloids. Appl. Microbiol.
Biotechnol. , 20, 389-392.

Pazoutova, S., @eha eek, Z. and Vouisek, J. (1980) Induction of sclerotialike mycelium in
axenic cultures of Claviceps purpurea producing clavine alkaloids. Can. J. Microbiol.,
26, 363-370.

Pazoutova, S. and Sajdl, P. (1988) Hypothesis on gene expression of alkaloid biosynthetic
pathway in Claviceps. In: Abstract Book, 2nd Internal. Symp. Overprod. Microbial
Products, Eeské Budijovice, Czechoslovakia, July 3-8, 1988, p. 129.

Pazoutova, S., Votruba, J. and @ehaéek, Z. (1981b) A mathematical model of growth
and alkaloid production in the submerged culture of Claviceps purpurea. Biotechnol.
Bioeng., 23, 2837-2849.

Pertot, E., Eadez, J., Miliéi &, S. and Soéig, H. (1984) The effect of citric acid concentration
and pH on the submerged production of lysergic acid derivatives. Appl. Microbiol.
Biotechnol., 20, 29-32.

Pertot, E., Gaberc-Porekar, V. and Soéie, H. (1990) Isolation and characterization of an
alkaloid-blocked mutant of Claviceps paspali. ]. Basic Microbiol., 30, 51-56.
Pertot, E., Puc, A. and Kremser, M. (1977) Lyophilization of nonsporulating strains of

the fungus Claviceps. European J. Appl. Microbiol., 4, 289-294.

Philippi, U. and Eich, E. (1984) Microbiological C-17-oxidation of clavine alkaloids, 2:
Conversion of partial synthetic elymoclavines to the corresponding lysergic acids/
isolysergic acids by Claviceps paspali. Planta Medica, 50, 456-457.

Priesmeyer, K. (1997) Fermentation: A regulatory perspective. Pharmaceut. Technol.,
21, 40-54.

Puc, A., Miliéig, S., Kremser, M. and Soeié, H. (1987) Regulation of ergotoxine biosynthesis
in Claviceps purpurea submerged fermentation. Appl. Microbiol. Biotechnol., 25,
449-452.

Quigley, ER. and Floss, H.G. (1981) Mechanism of amino acid a-hydroxylation and
formation of the lysergyl moiety in ergotamine biosynthesis. . Org. Chem., 46,
464-466.

Ramstad, E., Chan Lin, W.-N., Shough, H.R., Goldner, K.]., Parikh, R.P. and Taylor,
E.H. (1967) Norsetoclavine, a new clavine-type alkaloid from Pennisetum ergot.
Lloydia, 30, 441-444.

Behaeek, Z. (1983a) New trends in ergot alkaloid biosynthesis. Process Biochem., 18,
22-29, 33.

@ehdéek, Z. (1983b) Physiological aspects of ergot alkaloid formation. Prikl. Biokhim.
Mikrobiol., 19, 267-276 (In Russian).

@ehdéek, Z. (1984) Biotechnology of ergot alkaloids. Trends in Biotecbnology, 2, 166~
182.

@ehdéek, Z. (1991) Physiological controls and regulation of ergot alkaloid formation.
Folia Microbiol., 36, 323-342.

@ehdéekk, Z., Desai, J.D., Sajdl, P. and Pazoutovd, S. (1977) The cellular role of nitrogen
in the biosynthesis of alkaloids by submerged culture of Claviceps purpurea (Fr.)Tul.
Can. ]. Microbiol., 23, 596-600.

@ehaéek, Z. and Kozova, J. (1975) Production of alkaloids and differentiation in
submerged culture of Claviceps purpurea (Fr.) Tul. Folia Microbiol., 20, 112-117.

@ehaéek, Z. and Malik, K.A. (1971) Cell-pool tryptophan phases in ergot alkaloid
fermentation. Folia Microbiol., 16, 359-363.

@ehaeek, Z., Pazoutovd, S., Kozova, J. and Sajdl, P. (1978a) Industrial mutant of Claviceps

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 365

purpurea CP 7/5 CCM F-630 with production of alkaloids agroclavine and
elymoclavine. CS pat. 204 301 (In Czech).

Behieek, Z., Pazoutovd, S., Kozovd, J. and Sajdl, P. (1978b) Industrial mutant of Claviceps
purpurea CP7/274 CCM F-632. CS pat. 204 303 (In Czech).

@ehaeek, Z., Pazoutovd, S., Kozova, J., Sajdl, P., Kgen, V. and Flieger, M. (1984a) Producing
strain of Claviceps purpurea CP7/5/35 CC-2/85. CS pat. 246 704 (In Czech).
@ehagek, Z., Pazoutova, S., Kgen, V., Rylko, V., Kozova, J. and Sajdl, P. (1986a) Producing

strain of Claviceps purpurea (Fr.) Tul. 59 CC 5/86. CS pat. 252 603 (In Czech).

@ehaéek, Z., Pazoutova, S., Rylko, V., Kozova, J., Sajdl, P., Chomatova, S., Pilat, P., Brta,
M., Homolka, L., Bgemek, J., Malinka, Z., Krajieek, A. and Spaéil, J. (1986Db)
Industrial strain of Claviceps fusiformis Loveless F 27CC-4/85. CS pat. 253 097 (In
Czech).

@ehdéek, Z. and Rylko, V. (1985) Process for suppression of extracellular glucanes and
conidias in submerged cultures of Claviceps producing alkaloids agroclavine and
elymoclavine. CS pat. 249 461 (In Czech).

@ehaéek, Z. and Sajdl, P. (1990) Ergot Alkaloids. Chemistry, Biological Effects,
Biotechnology, Academia, Praha, Czechoslovakia.

@ehdéek, Z., Sajdl, P., Kozova, J., Keen, V. and Rylko, V. (1984b) Industrial mutant of
Claviceps fusiformis W1 CC-1/85. CS pat. 248 612 (In Czech).

@ehdeek, Z., Sajdl, P., Kozovi, J., Malik, K.A. and @iéicova, A. (1971) Correlation of
certain alterations in metabolic activity with alkaloid production by submerged
Claviceps. Appl. Microbiol,. 22, 949-956.

@ehdéek, Z., Spaeil, J., Pazoutovd, S., Sajdl, P., Kozova, J., Flieger, M., Krajiéek, A. and
Malinka, Z. (1978c¢) Process for production of alkaloids agroclavine and elymoclavine
by submerged fermentation. CS pat. 199 986 (In Czech).

Richter Gedeon Vegyészeti Gyar R.T. (1973) Fermentation process for preparing ergot
alkaloids. GB pat. 1 401 406.

Jicieovd, A., Flieger, M. and @ehdeek, Z. (1981) Production of simple derivatives of
lysergic acid by the strain Claviceps paspali F 2056. Abstract Book, FEMS Symp.
Overprod. Microbial Products, Hradec Kralové, Czechoslovakia, August 9-14,
1981.

Jiciéova, A., Flieger, M. and @ehaéek, Z. (1982a) Quantitative changes of the alkaloid
complex in a submerged culture of Claviceps paspali. Folia Microbiol., 27, 433—
445.

Jicieova, A., Flieger, M., Sedmera, P., Vokoun, J., @ehaeek, Z., Stuchlik, J. and Krumphanzl,
V. (1982b) Process for the production of lysergic acid derivatives by submerged
fermentation. CS pat. 224 532 (In Czech).

Jiciéova, A., Pokorny, V. and @ehaéek, Z. (1986) Characteristics of the saprophytic
reference strain FA of Claviceps paspali. Folia Microbiol., 31, 32-43.

Jicieovd, A. and @ehdeek, Z. (1968) Preparation of inoculum from sclerotia of the
ascomycete Claviceps purpurea. Folia Microbiol., 13, 156-157.

Robbers, J.E. (1984) The fermentative production of ergot alkaloids. In: A.Mizuki,
A.L.Van Wezel, (eds.) Advances in Biotechnological Process, Vol. 3, Alan R. Liss,
New York, pp.197-239.

Robbers, J.E., Eggert, W.W. and Floss, H.G. (1978) Physiological studies on ergot: Time
factor influence on the inhibitory effect of phosphate and the induction effect of
tryptophan on alkaloid production. Lloydia, 41, 120-129.

Robbers, J.E., Robertson, L.W., Hornemann, K.M., Jindra, A. and Floss, H.G. (1972)

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



366 ZDENTK MALINKA

Physiological studies on ergot: Further studies on the induction of alkaloid synthesis
by tryptophan and its inhibition by phosphate. . Bacteriol., 112, 791-796.

Robbers, J.E., Srikrai, S., Floss, H.G. and Schlossberger, H.G. (1982) Physiological studies
on ergot. The induction of ergot alkaloid biosynthesis by the tryptophan bioisosteres,
f3-1- and f8-2-naphthylalanine. J. Nat. Prod., 45, 178-181.

Robertson, L.W., Robbers, J.E. and Floss, H.G. (1973) Some characteristics of tryptophan
uptake in Claviceps species. . Bacteriol., 114,208-219.

Rochelmeyer, H. (1959). Verfahren zur Extraktion der Alkaloide aus dem Mycel und
den Sklerotien alkaloidhaltiger Clavicipiteen. DE pat. 1125 940.

Rochelmeyer, H. (1965) Verfahren zur Gewinnung von Mutterkornalkaloiden in
saprophytischer Kultur. DE pat. 1492 109.

Rosazza, J.P., Kelleher, W.J. and Schwarting, A.E. (1967) Production of lysergic acid
derivatives in submerged culture. IV. Inorganic nutrition studies with Claviceps
paspali. Appl. Microbiol., 15, 1270-1283.

Rozman, D., Komel, R. and Pertot, E. (1987) Soybean peptone and its fractions as
nutrients in fermentations with immobilized Claviceps fusiformis cells. Vestn. Slov.
Kem. Drus., 34, 457-463.

Rozman, D., Pertot, E., Belié, I. and Komel, R. (1985) Soybean peptones as nutrients in
the fermentative production of clavine ergot alkaloids with Claviceps fusiformis.
Biotechnol. Lett., 7, 563-566.

Rutschmann, J. and Kobel, H. (1963a) Neues mikrobiologisches Verfahren zur
Gewinnung von Ergobasin. CH pat. 433 357.

Rutschmann, J. and Kobel, H. (1963b) Process for the production of lysergic acid
derivatives. GB pat. 1041 246.

Rutschmann, J., Kobel, H. and Schreier, E. (1963) Verfahren fiir Herstellung von 6-
Methyl- A%%-ergolen-8-Carboxyl Saure. CH pat. 468 4635.

Rylko, V., Flieger, M., Sajdl, P. and @ehdeek, Z. (1988a) Induction of cytochrome P-450
in Claviceps cultures stimulates alkaloid formation and overcomes its inhibition by
phosphate. Abstract Book, 2nd Internal. Symp. Overprod. Microbial Products,
Eeské Budijovice, Czechoslovakia, July 3-8, 1988.

Rylko, V., Flieger, M., Sajdl, P. and @ehdéek, Z. (1988b) Effects of inducers and inhibitors
on ergot cytochrome P-450 and alkaloid production by Claviceps spp. Abstract
Book, IUB 14th Internal. Congr. Biochemistry, Prague, Czechoslovakia, July 10—
15, 1V, 94.

Rylko, V., Flieger, M., Sajdl, P., @ehaéek, Z., Malinka, Z., Harazim, P. and Stuchlik, J.
(1988c¢) Process for production of ergot alkaloids by Claviceps with induced increase
of productive ability. CS pat. appl. 4725-88.

Rylko, V., Linhartov4, R., Sajdl, P. and @ehaéek, Z. (1988d) Formation of conidia in a
saprophytic strain Claviceps paspali producing simple lysergic acid derivatives. Folia
Microbiol., 33, 425-429.

Rylko, V., Sipal, Z., Sajdl, P. and @ehigek, Z. (1986) Development of the cytochrome P-
450 contents in submerged culture Claviceps sp. SD-58. Abstract Book, 17th Congr.
Czechoslov. Soc. Microbiol., Eeské Budijovice, Czechoslovakia, September 23-25,
1986, A-18 (In Czech).

Sajdl, P., Kozovd, J. and @ehaéek, Z. (1978) Synthesis of clavin alkaloids and basic
metabolism of a submerged culture of Claviceps purpurea 129. Abstract Book,
14th Ann. Meet. Czechoslov. Soc. Microbiol., Prague, October 17-19, 1978, 30.

Sajdl, P., Keen, V., Pazoutova, S., @ezanka, T., Malinka, Z. and Harazim, P. (1988a)

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 367

Process for fermentative production of ergot alkaloids by modification of cellular
lipids. CZ pat. 273 373 (In Czech).

Sajdl, P., Pazoutovd, S., Kgen, V., Rylko, V. and @ehaéek, Z. (1988b) Relationships between
Claviceps membranes and alkaloid biosynthesis. Abstract Book, 2nd Internat. Symp.
Owerprod. Microbial Products, Eeské Budijovice, Czechoslov., July 3-8, 1988, 62.

Sarkisova, M.A. (1990) Strain of Claviceps purpurea fungus as producer of peptide
ergoalkaloids. SU pat. 1 342 011 (In Russian).

Sarkisova, M.A. and Smirnova, V.I. (1984) Physiological and biochemical tests of ergot,
Claviceps purpurea (Fr.) Tul. in saprophytic culture. Mikol. Filopatol., 18, 393-396
(In Russian).

Sarkisova, M.A., Zhadskaya, E.S., Rubinczik, M.A., Konczalovskaya, M.E., Sokolova,
L.A. and Radchenko, L.M. (1987) Process for production of lipids with the same
composition as cotton oil. SU pat. 1 493 671 (In Russian).

Sastry, K.S.M., Gupta, J.H., Thakur, R.N. and Pandotra, V.R. (1970a) Effect of different
concentrations of inoculum of ergot fungus (Claviceps purpurea (Fr.) Tul.) in relation
to the yield of ergot sclerotia. Proc. Indian Acad. Sci., 71B, 33-35.

Sastry, K.S.M., Pandotra, V.R., Thakur, R.N., Gupta, ]J.H., Singh, K.P. and Husain, A.
(1970b) Studies on parasitic cultivation of ergot (Claviceps purpurea (Fr.) Tul.) in
India. Proc. Indian Acad. Sci., 72B, 99-114.

Sastry, K.S.M., Thakur, R.N., Pandotra, V.R., Singh, K.P. and Gupta, ]J.H. (1970c¢) Studies
on number of inoculations on rye spikes (Secale cereale L.) by needle board puncture
method in relation to the yield of ergot sclerotia. Proc. Indian Acad. Sci., 71B,
28-32.

Satke, J., Mat’ha, V., Jegorov, A., Cvak, L., Stuchlik, J. and Kadlec, Z. (1994) New
industrial producing strain of microorganism Claviceps paspali. CZ pat. appl. 2456~
94 (In Czech).

Schlientz, W., Brunner, R., Ruegger, A., Berde, B., Sturmer, E. and Hofmann, A. (1968)
[-Ergokryptin, ein neues Alkaloid der Ergotoxin-gruppe. Pharm. Acta Helv., 43,
497-509.

Schmauder, H.-P. and Groger, D. (1983) Selection und Eigenschaften potentiell
alkaloidbilder Claviceps-Stamme. Acta Biotechnol., 3, 379-382.

Schmauder, H.-P. and Groger, D. (1986) Biosynthesis of phenylalanine and tyrosine in
Claviceps. Planta Medica, 49, 395-397.

Schmauder, H.-P., Maier, W. and Groger, D. (1981a) Einfluss von Amitrol und
substituierten Indolderivaten auf Wachstumm Alkaloidbildung und Enzymaktivititen
von Claviceps. Pharmazie, 36, 211.

Schmauder, H.-P., Maier, W. and Groger, D. (1981b) Einfluss von Amitrol auf Claviceps
fusiformis, Stamm SD 58. Z. Allgemeine Mikrobiol., 21, 689-692.

Schumann, B., Erge, D., Groger, D., Maier, W., Schmauder, H.-P. and Baumert, A. (1984)
Verfahren zur Herstellung von Elymoclavin. DD pat. 222 634.

Schumann, B., Erge, D., Maier, W. and Groger, D. (1982) A new strain of Claviceps
purpurea accumulating tetracyclic clavine alkaloids. Planta Medica, 45, 11-14.

Schumann, B., Groger, D., Schmauder, H.-P.,, Lehmann, H.-R. and Maier, W. (1986)
Verfahren zur Herstellung von a-Ergokryptin und Ergosin. DD pat. 280 977.

Schumann, B., Maier, W. and Groger, D. (1987) Characterization of some Claviceps
strains derived from regenerated protoplasts. Z. Naturforsch., 42¢, 381-386.

Schweizer, C. (1941) Uber die Kultur von Claviceps purpurea (Tul.) auf kaltsterilisierten
Nihrboden. Phytopath. Ztg., 13, 317-350.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



368 ZDENTK MALINKA

Senda, T., Okura, T., Yoshihiro, Y. and Miyazawa, F. (1989) Production of
inulooligosaccharide. JP pat. 02182 195 (In Japanese).

Sieben, R., Philippi, U. and Eich, E. (1984) Microbiological C-17-oxidation of clavine
alkaloids, I. Substrate specificity of agroclavine hydroxylase of Claviceps fusiformis.
J. Nat. Prod., 47, 433-438.

Siegle, H. and Brunner, R. (1963) Process for the production of lysergic acid and its
derivatives by fermentation. FR pat. 1 350 280 (In French).

Singh, H.P., Singh, H.N. and Singh, K.P. (1992) Varietal susceptibility of rye (Secale
cereale L.) for ergot (Claviceps purpurea Fr.) Tul. infection. New Botanist, 19,225-
227.

Slokoska, L., Angelova, M., Pashova, S. and Genova, L. (1992) Effect of some antibiotics
on the biosynthesis of clavine alkaloids from Claviceps sp. Dokl. Bolg. Akad. Nauk.,
45, 105-107.

Slokoska, L., Grigorov, L., Angelov, T., Angelova, M., Kozlovsky, A., Arinbasarov, M.
and Solovyeva, T. (1981) Studies on the alkaloid-producing strain Claviceps sp. CP
II. 1. Relation between the different development stages and the alkaloid
accumulation. Acta Microbiol. Bulgar., 8, 44-50 (In Russian).

Slokoska, L.S., Grigorov, 1., Angelova, M.B., Nikolova, N.S. and Pashova, S.B. (1985)
Studies into the connection between the alkaloid biosynthesis and the lipid
metabolism in strain Claviceps sp. CP II. Dokl. Bolg. Akad. Nauk., 38,1025-1028.

Slokoska, L., Grigorov, 1., Angelova, M., Pashova, S., Stefanov, V. and Nikolova, N.
(1988) Effect of laser irradiation on strain Claviceps sp. Abstract Book, 2nd Internal.
Symp. Overprod. Microbial Products, Eeské Budijovice, Czechoslov., July 3-8,
1988, 111.

Soéié, H. and Gaberc-Porekar, V. (1992) Biosynthesis and physiology of ergot alkaloids.
In: D.K.Arora, R.P.Elander and K.G.Mukerji, (eds.), Handbook of Applied Mycology,
vol. 4. Fungal Biotechnology, Dekker, New York.

Soeie, H., Gaberc-Porekar, V. and Didek-Brumec, M. (1985) Biochemical characterization
of the inoculum of Claviceps purpurea for submerged production of ergot alkaloids.
Appl. Microbiol. Biotecbnol., 21, 91-95.

Soéie, H., Gaberc-Porekar, V., Pertot, E., Puc, A. and Miliéig, S. (1986) Developmental
studies of Claviceps paspali seed cultures for the submerged production of lysergic
acid derivatives. J. Basic Microbiol., 26, 533-539.

Spalla, C., Amici, A.M., Scotti, T. and Tognoli, L. (1969) Heterokaryosis of alkaloid-
producing strains of Claviceps purpurea in saprophytic and parasitic conditions. In
D.Perlman, (ed.), Fermentation Advances, Academic Press, New York, pp. 611-6238.

Spalla, C. and Marnati, M.P. (1981) Aspects of the interspecific fusion of protoplasts of
alkaloid producing strain of Claviceps purpurea and Claviceps paspali. Abstract
Book, FEMS Symp. Overprod. Microb. Prod., Hradec Krélové, Czechoslovakia,
August 9-14, 1981.

Srikrai, S. and Robbers, J.E. (1979) Mutation studies on the ergot fungus, Claviceps
species, strain SD 58. Proceedings, 42, 689.

Stauffacher, D. and Tscherter, H. (1964) Isomere des Chanoclavins aus Claviceps purpurea
(Fr.) Tul. (Secale cornutum). Helv. Chim. Acta, 47, 2186-2194.

Stoll, A. (1952) Recent investigations on ergot alkaloids. Fortschr. Chem. Org., 9, 114—
174.

Stoll, A., Brack, A., Hofmann, A. and Kobel, H. (1953) Process for production of
ergotamine, ergotaminine and ergobasine. CH pat. 321 323.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 369

Stoll, A., Brack, A., Hofmann, A. and Kobel, H. (1954a) Process for production of
ergotamine, ergotaminine and ergobasine by saprophytic cultivation of ergot fungus
(Claviceps purpurea (Fr.) Tul.) in vitro and isolation of so produced alkaloids. CH
pat. 330 722.

Stoll, A., Brack, A., Kobel, H., Hofmann, A. and Brunner, R. (1954b) Die Alkaloide
eines Mutterkornpilzes von Pennisetum typhoidewm Rich und deren Bildung in
saprophytishem Kultur. Helvetica Chimica Acta, 37, 1815-1827.

Strnadova, K. (1964a) UV-mutanten bei Claviceps purpurea. Planta Medica, 12, 521-
527.

Strnadova, K. (1964b) Methoden zur Isolierung und Ermittlung auxotropher Mutanten
bei Claviceps purpurea (Fr.) Tul. Z. f. Pflanzenzucht., 51, 167-171.

Strnadovd, K. and Kybal, J. (1974) Ergot alkaloids. V.Homokaryosis of the sclerotia of
Claviceps purpurea (Fr.) Tul. Folia Microbiol., 19, 272-280.

Strnadovd, K. and Kybal, J. (1976) Improvement of microorganisms of the genus Claviceps
purpurea (Fr.) Tul. CS pat. 176 803 (In Czech).

Strnadova, K., Kybal, J., Svoboda, E. and Spéeil, J. (1981) Strain of microorganism
Claviceps purpurea (Fr.)Tul. CCM F-725. CS pat. 222 391 (In Czech).

Strnadovd, K., Kybal, J., Svoboda, E., Spaeil, J., Krajicik, A., Malinka, Z. and Harazim,
P. (1986) Process of improvement of genus Claviceps microorganisms and new
industrial strain of Claviceps purpurea (Fr.) Tul. CCM 8043. CS pat. 267 573 (In
Czech).

Svecova, M. (1985) Evaluation of properties Claviceps purpurea (Fr.) Tul. conidias, which
are used for rye infection by field production of ergot. Dissertation, Charles
University, Prague (In Czech).

Taber, W.A. (1964) Sequential formation and accumulation of primary and secondary
shunt metabolic products in Claviceps purpurea. Appl. Microbiol., 12, 321-326.

Taber, W.A. and Vining, L.C. (1958) The influence of certain factors on the in vitro
production of ergot alkaloids by Claviceps purpurea (Fr.) Tul. Can. ]. Microbiol., 4,
611-626.

Takeda Pharmaceutical Industries (1956) Water-soluble ergot alkaloid, elymoclavine.
GB pat. 757 696.

Trejo Hernandez, M.R. and Lonsane, B.K. (1993) Spectra of ergot alkaloids produced
by Claviceps purpurea 1029c¢ in solid-state fermentation system: Influence of the
composition of liquid medium used for impregnating sugar-cane pith bagasse. Process
Biochem., 28, 23-27.

Trejo Hernandez, M.R., Raimbault, M., Roussos, S. and Lonsane, B.K. (1992) Potential
of solid state fermentation for production or ergot alkaloids. Letters in Applied
Microbiology , 15, 156-159.

Trinn, M., Kordik, G., Nagy, E.U., Vida, Z. and Zsoka, E. (1983) Bei Girung zur
Clavinmutterkornalkaloiderzeugung, insbesondere Elymoclavinerzeugung, fahiger
Claviceps fusiformis—Variantenstamm sowie Verfahren zu seiner Ilerstellung und
seine Verwendung zur Herstellung von Clavinmutterkornalkaloiden. DE pat. 3 429
573.

Trinn, M., Kordik, G., Nagy, E.U., Vida, Z. and Zsoka, E. (1984) New Claviceps
fusiformis strain, method for obtaining said strain and fermentation process for
producing clavine alkaloids using said strain. GB pat. 2148 278.

Trinn, M., Manczinger, L., Polestyukné, N.A., Kordik, G., Pécsné, R.A., Zalai, K.,
Beszedics, G., Ferenczy, L., Nagy, L., Robicsek, K. and Szegedi, M. (1990) Process

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



370 ZDENTK MALINKA

for the elymoclavine production and preparation of new strain. HU pat. 209 325
(In Hungarian).

Tudzynski, P., Esser, K. and Groschel, H. (1982) Genetics of the ergot fungus. II. Exchange
of genetic material via meiotic recombination. Theor. Appl. Genet., 61, 97-100.

Tyler, V.E. Jr. (1963) Production of ergot alkaloids. US pat. 3 224 945.

Udvardy Nagy, E. (1980) Consideration on the development of an ergot alkaloid
fermentation process. Process Biochem., 15, 5-8.

Udvardy Nagy, E., Budai, M., Fekete, G., Gorog, S., Herényi, B., Wack, G. and Zalai, K.
(1981) Method of regulation of quantity and ratio of alkaloids content. CS pat. 236
660 (In Czech).

Udvardy Nagy, E., Wack, G. and Procs, T. (1964) Process for preparation of producing
strains of Claviceps purpurea (Fr.) Tul. cultures for ergot alkaloids production. AT
pat. 269 363 (In German).

Udvardy-Nagy, 1., Wack, G. and Wolf, L. (1964) Process for biosynthesis of ergoline
compounds. HU pat. 152 238 (In Hungarian).

Ustyuzhanina, S.V., Sarkisova, M.A. and Gorin, S.E. (1991) Preservation of Claviceps
purpurea, an organism producing peptide ergoalkaloids, by L-drying. Antibiotiki i
Chimioter., 36, 67 (In Russian).

Vaidya, H.C. and Desai, ].D. (1981a) Some metabolic studies in Claviceps species strain
SD 58: Effect of phosphate. Abstract Book, FEMS. Symp. Overprod. Microbial
Products, Hradec Krilové, Czechoslov., August 9-14, 1981, 142.

Vaidya, H.C. and Desai, J.D. (1981b) Cell differentiation & alkaloid production in
Claviceps sp. strain SD 58. Indian J. Exp. Biol., 19, 829-831.

Vaidya, H.C. and Desai, J.D. (1982) Effect of phosphate on growth, carbohydrate
catabolism & alkaloid biogenesis in Claviceps sp. strain SD 58. Indian J. Exp.
Biol., 20, 475-478.

Vaidya, H.C. and Desai, ]J.D. (1983a) Alkaloid production by Claviceps sp. SD-58;
Involvement of phosphatase isozymes. Folia Microbiol., 28, 12-16.

Vaidya, H.C. and Desai, J.D. (1983b) Alkaloid production in Claviceps sp. strain SD-
58: Physiology of phosphate effect. Indian J. Biochem. Biopbys., 20, 222-225.
Valik, J. and Malinka, Z. (1992) New inoculate material for parasitical production of
ergot. Abstract Book, Biotechnology in Central European Initiative Countries, Graz,

Austria, 13-15 April, 1992, P81.

Viasarhelyi, G., Tétényi, P., Tétényi, P. and Lassdnyi, Zs. (1980a) Proces of ergot
cultivation. HU pat. 175 924 (In Hungarian).

Visarhelyi, G., Tétényi, P., Zambo, 1., Kinicky, M., Balassa-Barkanyi, 1., Kiss, J., Pecs-
Razso, A. and Zsoka-Somkuti, E. (1980b) Strain of Claviceps purpurea, virulent on
rye, for ergot alkaloids, especially ergocristine production and process for preparation
of it. DE pat. 3 006 989 (In German).

Vlgek, V. and Kybal, J. (1974) Equipment for cultivation of microorganisms. CS pat. 172
552 (In Czech).

Volzke, K., Knothe, E., Langer, J., Gross, E., Decker, K.-L., and Schmauder, H.-P. (1985)
Verfahren zur gesteurten Production von Ergolinderivaten durch Fermentation. DD
pat. 289 562.

Vogisek, J., Sajdl, P., and @ehaeek, Z. (1981) Fine structural localization of alkaloid and
lipid synthesis in endoplasmic reticulum of submerged Claviceps purpurea. Abstract
Book, EEMS Symp. Overprod. Microbial Products, Hradec Krilové, Czechoslov.,
August 9-14, 1981, 146.

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



FERMENTATION 371

Votruba, J. and Pazoutovd, S. (1981) Modelling of the optimal conditions for the
maximum alkaloid synthesis. In Abstract Book, FEMS Symp. Overprod. Microbial
Products, Hradec Krilové, Czechoslovakia, August 9-14, 1981, p. 104.

Wack, G., Kiss, ]J., Nagy, L., Udvardy Nagy, E., Zalai, K., and Zsoka, E. (1981) Precédé
pour la préparation d'alcaloides de I'ergot de seigle, en particulier de I'ergocornine et
de la f-ergocryptine. FR pat. 2 475 573.

Wack, G., Nagy, L., Szekély, D., Szolnoky, J., Udvardy Nagy, E., and Zsoka, T. (1973)
Fermentation process for the preparation of ergot alkaloids. US pat. 3 884 762.

Wack, G., Perényi, 1., Udvardy Nagy, E., and Zsoka, E. (1966) Process for Production of
Ergot Alkaloids. GB pat. 1170 600.

Wichmann, D. and Voigt, R. (1962) Zur Alkaloidbildung des Roggenmutterkorns in
saprophytischer Kultur. Pbarmazie, 17, 411-418.

Wilke, D. and Weber, A. (1984) Verfahren zur Herstellung von a-Ergokryptin. DE pat.
3420 953.

Wilke, D. and Weber, A. (1985a) Process for production of festuclavine. CS pat. 271
314 (In Czech).

Wilke, D. and Weber, A. (1985b) Process for production of chanoclavine. CS pat. 272
207 (In Czech).

Windisch, S. and Bronn, W. (1960) Ergot alkaloids. US pat. 2 936 266.

Yamano, T., Kishino, K., Yamatodani, S., and Abe, M. (1962) Researches on ergot fungus.
Part XLIX. Investigation on ergot alkaloids occured in cultures of
Aspergillusfumigatus Fres. Ann. Rep. Takeda Res. Lab., 21, 95-101.

Yamatoya, S. and Yamamoto, L. (1983) Preparation of alkaloid. JP pat. 59140 892 (In
Japanese).

Zalai, K. and Jaksa, I. (1981) Contribution to metabolism research of Claviceps purpurea.
Pharmazie, 36, 212 (In German).

Zalai, K., Kordik, G., Manczinger, L., Pécsné, R.A., Beszedics, G., Polestyukné, N.A.,
Ferenczy, L., Olasz, K., Szegedi, M., and Trinn, M. (1990) Process for production
of ergolen compounds, mainly ergometrine, and process of colour selection. HU
pat. 209 324 (In Hungarian).

Copyright © 1999 OPA (Overseas Publishers Association) N.V. Published by license under the
Harwood Academic Publishers imprint, part of The Gordon and Breach Publishing Group.



	TABLE OF CONTENTS
	CHAPTER 12. SAPROPHYTIC CULTIVATION OF CLAVICEPS
	12.1. INTRODUCTION
	12.1.1. History

	12.2. PRODUCTION MICROORGANISMS
	12.2.1. Sources
	12.2.2. Breeding and Selection of Production Strains
	12.2.3. Maintenance Improvement
	12.2.4. Long-Term Preservation of Production Strains

	12.3. FERMENTATION TECHNOLOGY
	12.3.1. Stationary Surface Cultivation
	12.3.2. Submerged Cultivation
	12.3.3. Alternative Fermentation Processes

	12.4. MANUFACTURE OF CLAVINE ALKALOIDS
	12.4.1. Production of increment8,9-Ergolenes
	12.4.2. Production of 6, 7-secoergolenes
	12.4.3. Production of Ergolines
	12.4.4. Production of increment9,10-Ergolenes

	12.5. LYSERGIC ACID, ITS SIMPLE DERIVATIVES AND PASPALIC ACID
	12.5.1. Production of Simple Derivatives of Lysergic Acid
	12.5.2. Production of Ergometrine
	12.5.3. Production of Paspalic Acid

	12.6. PRODUCTION OF ERGOPEPTINES
	12.6.1. Production of Ergotamine Group Alkaloids
	12.6.2. Production of Alkaloids of the Ergotoxine Series
	12.6.3. Derivatives and Analoga of Ergopeptines

	12.7. CONTROL AND MODELLING OF ERGOT ALKALOID FERMENTATION
	12.8. PRODUCTION OF INOCULATION MATERIAL FOR PARASITIC ERGOT PRODUCTION
	12.9. PRODUCTION OF OTHER SUBSTANCES BY CLAVICEPS
	12.10. DOWN-STREAM PROCESSES
	ACKNOWLEDGEMENT
	REFERENCES




