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I. Title

Use of radiation in the study of biogenesis of natural

substances - chemistry, metabolism, genetics of micro-

organisms (part of a coordinated programme of research on

radiation microbiology) - No.845/RB.

II. Research Institute

Institute of Microbiology, Czechoslovak Academy of

Sciences, Dept. of Biogenesis of Natural Substances,

Budéjovická 1083, Prague 4-, Czechoslovakia.

IIIl Chief Scientific Investigator

Zdenko Vanék, DrSc.,

Head of the Dept. of Biogenesis of Natural Substances.

IV. Period of Contract

1970-1975 . '

V. Scientific background and Scope of Project

Scientific interest in solving of the problems resulting

from th i s contract was concentrated on three microbial

models:

A) Actinomycetes

B) Claviceps purpurea and Cl.paspali

C) Basidiomycetes

ad A) The present state of research in applied genetics

of antibiotic producers is characterized by exhaustion of

potential possibilities of the empirical approach and by

the lack of reliable scientific data for a rational increase

of effedtivity of production processes. During 20 years of

the existence of genetics of industrial microorganisms

the genetic recombination did not bring any important
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result, which would lead to an increased yield of an anti-

biotic or a change of its structure. Mutagenesis (directed

mutagenesis associated with special types of selection in

particular) or transfer of plasmids appear to be more promising.

Introduction of a "scientific" approach with the aim to

increase the productivity of industrial 3trains is complicated

by an insufficient information concerning life processes,

structure of the genome and biochemistry of the production

process. Industrial geneticists adopt a view that it is

necessary to develop a new, rational system of deciphering and

interpretation of genetic phenomena occurring during the process

of increasing production activity of the strains.

In the present situation it was the aim ol our studies

to define, laws governing biosynthesis of tetracycline anti-

biotics and related compounds from a point of view of a poss-

ible utilisation of the obtained data for optimization of

technology of their production. At the same time, we attempted

to formulate a hypothesis explaining formation of secondary

metabolites of the oligoketide type.

ad B) In spite of the existing success of ergot alkaloids

in practice the future of these drugs depends on results of

the basic research. The research of ergot alkaloids at the

world-wide scale concentrated on problems of submerged cult-

ivations. The key tasks of this research are: the study of

saprophytic strains of Claviceps, the study of the mechanism

of formation of alkaloids, biosynthesis of alkaloids in vitro

and isolation of new derivatives.
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The above tasks were not clarified to the expected

extent. The reasons include the following facts:

a) The strains of Claviceps are highly variable,

including their productive ability.

b) Formation of alkaloids is a part of mutual relat-

ionships between the basic metabolism and metabolism of

secondary compounds. In the case of alkaloids the know-

ledge about these relationships is only negligible.

c) The loss of the ability to produce alkaloids is

due to genetical changes but also to an extraordinary sens-

it ivity of producing cells to the cultivation medium. At

the same time, the role of external factors influencing

synthesis of alkaloids has not been clarified so far.

In the present work we concentrated on basic questions

of physiology of the formation of ergot alkaloids by sapro-

phytic cultures of Clavi&eps paspali and Claviceps purpurea.

Radioactive compounds (L-leucin- C, L-tryptophan-3- C,

Hg CO,) and radioisotope techniques were used in the above

studies.

When investigating problems of ^Physiology of higher

fungi" genetic studies including mutagenesis by physical

and chemical mutagens were started with the basidiomycete

Oudemansiella mucida producing a new antibiotic, mucidin.

During the first phase basic genetic analyses were

performed with the above fungus and mutants blocked in

the production of the antibiotic were looked for. UV light

and N-methyl-N'-nitro-N-nitrosoguanidine (MNG) were applied

to the suspension of conidiospores. .
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VI. Experiment al method

ad A) The research was divided into three basic groups of

problema:

a) study of the metabolic activity of mutants of S.aureofaciens

blocked in the biosynthetic pathway,

b) genetic analysis of production of tetracycline antibiotics

in S.aureofaciens,

c) genetic and metabolic regulation of the origin of binsyn-

thetic intermediates of tetracyclines.

VII. Results obtained

ad A) a) The effect of mutagenic factors on the biosynthetic act-

ivity of S.aureofaciens was investigated. The maximal

frequency of high-producing variants was observed after the

application of UV light. Of the other mutagens N-methyl-N'-

-nitro-N-nitrosoguanidine (NMG) was the most effective,

on the other hand, the effectivity of X-rays and nitrogen

mustard was relatively low. Gamma radiation induced the

highest number of inactive variants.

The effect of the mutagens on the biosynthetic activity

of S.aureofaciens was highly specific. Mutations resulting

in the formation of new compounds were induced only by UV

light and NMG. In most cases 6-demethyltetracyclines were

formed. On the contrary, treatment with X- and gamma rays

resulted in a loss of the ability to form some metabolites
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produced by the original strain (Blumauerová et a l . ,

1971, 1972).

UV Light and NMG were most suitable for the induct-

ion of auxotrophic mutants (Blumauerová et a l . , 1973).

The study of variants of S.aureofaciens blocked in

the biosynthetic pathway and producing the so-caDed

mutant metabolites showed that changes in the biosynthetic

activity are associated with a series of changes of mor-

phology of the culture and ultrestructure of cel ls ,

changes of growth ra te and viabil i ty of s t ra ins . Further

biochemical changes, sensit ivity to the metabolites

proper including, are connected with those mentioned

above (Hosíálek et a l . , 1974a).

The resuSbs obtained showed that the excessive

biosynthesis of CTC in the high producing variants in

the result of a series of genetical changes in primary

metabolic pathways competing with the secondary biosynthe-

s i s . In these strains changes in the secondary biosynthetic

pathway as such do not take place, however, the act ivi ty

of enzyme systems yielding biosynthetic intermediates

i s increased (Vanék and Hosíálek, 1972).

Changes accompanying the genetic block in a secondary

biosynthefcic pathway (leading to qualitative changes in

the spectrum of produced metabolites) cannot be interpreted

as a result of a single mutation. The pleiotropic expres-

sion i s probably due to multisite mutations influencing

simultaneously a series of biochemical functions.

1 2
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The effect of mutagens on S.atroolivaceus, the producer

of mithramycin, was also investigated. Nitrous acid and UV

light were the most effective agents for the induction of

high producing strains (Blumauerová et a l . , 197*)• Mutants

of S.atroolivaceus obtained after the treatment with the

mutagenic factors were divided into four metabolic groups

according to the results of the chromatographic analysis

(Steiner et al . f 1974).

b) Of the mutants of S.aureofaciens blocked in the tetracycline

biosynthetic pathway da out 600 genetically labeled strains were

obtained in the second mutation step. These were used for cross-

ing. The obtained results (200 crossings of complementary types

and evaluation of more than 2000 recombinants) showed that most

reference markers are localized in the same portion of the

chromosome, whereas loci governing the biosynthesis of tetra-

cyclines can be found in another region and are probably

closely linked. An extrachromosomal control cannot also be

excluded. The multiple damage of the genome occurring during

the multistep preparation of the mutants could not be repaired

by recombination in a single locus (Blumauerová et a l . , 1972b).

c) The study of regulation of biosynthesis of tetracycline

antibiotics was primarily based on the incorporation of label-

led intermediates (14C) into the molecule of the antibiotic

and incorporation of " p into macroergic phosphorus compounds.

The biogenetic origin of the terminal group of tetracyclines

was investigated (Béhal et a l . , 1974, Podoáil et a l . , 1973).
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The fact that the origin of W o synthetic inter-

mediates of tetracyclines is catalyzed by enzymic sys-

tems other than those catalyzing the origin of identical

intermediates utilized in the primary metabolism can be

considered as the most important finding. A new alternat-

ive biosynthetic pathway leading to malonylCoA was demon-

strated. It was found by means of isotope techniques in

combination with gas ohromatography that in addition to

the classical pathway (carboxylation of acetylCoA),

malonylCoA originates during the production phase from oxal-

acetate formed by phosphoenolpyruvate carboxylase

(Béhal et al., 1976).

Similarly, changes in the activity of enzymic systems

of phosphorylation of hexoses occur during the cultivation.

Whereas during the logarithmic phase the sugar is metabol-

ized by hexokinase with the participation of ATP, during

the stationary (production) phase of the cultivation

phosphorylation with the participation of polyphosphates

(polyphosphategluco;\nase) predominates (Hosíálek et al.,

1976).

Enzyme preparation with transglucosidase activity

was isolated from the mutant strain Streptomyces aureo-

faciens B-96. Partially purified enzyme was prepared

by differential centrifugation, salting-out v.ith ammonium

sulphate to 5OJ5 saturation, and by chromatography on DEAÉ-

-cellulose. It catalyses the transfer of glucose from

:•! j



•m

- 8 -

the U- C-glucosyluridylpyrophosphate to 1,2-dihydroxy-

anthraquinone, which gives rise to l-hydroxy-2-(U- C-

-D-glucopyranosylosy)anthraquinone. The substrate speci-

ficity and physico-chemical properties of the enzyme were

studied.

ad B) Submerged cultures of Claviceps paspali and

C.purpurea produce alkaloids only during a certain stage

of their development, i .e. during the non-balan-ad growth

associated -vith a pronounced degradation and resynthesis

of nucleic acids and proteins. A decreased differentiation

and proliferation of cells during the non-balanced growth

are among causes of the morphological variability of the

submerged mycelium. Formation and character of thickened

hyphae and "sclerotia." resemble the plektenchymatic struct-

ure of the producing sclerotium of parasitary cultures

of Claviceps. Parasitary and saprophytic strains are similar

also in a high content of inorganic phosphate (P^) in the

mycelium and also in the fact that the decrease of the

intradellular P. correlates with the increased intensity

of synthesis of alkaloids. An increased level of ATP in

the cellular pool of tht> submerged cultures of Claviceps

is associated with the inhibition of citrate synthetase,

phosphoenolpyruvate kinase and phosphoenolpyruvate carbo-

xykinase. A low activity of the tricarboxylic acid cycle

favors the formation ex" alkaloids. The relationship between

protein synthesis and formation of alkaloids follows from

the competition for a common pool of amino acids. A certain

¡ i n
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developed from a series of compatible crosses. On the

other hand, the inhibition of the ability to form fruit

bodies with, a compatible partner could not be detected in

the monocaryotes isolated after the UV treatment. The re-

sults of the effect of UV light on the fungus Oudemansiella

mueida have already been published (Semerdzieva and Blumau-

erová, 1973)»

During the second phase beginning in 197* genetic

improvement of the producer of mucidin was started. A new

direction of the study, i .e . a genetic analysis of a quant-

itative marker at the dicaryotic level is applied. Both the

basidiospores from cultivated fruit bodies and the homoge-

nized mycelium are treated with the mutagens. UV Light

and gamma rays served as physical mutagens.

UV light. A total of 106 monocaryotes were isolated

and tested for the antibiotic activity» Out of them 4- tftith

a permanent higher production v£ mucidin are further studied.

In a further experiment UV light was applied to the homoge-

nized mycelium. The mycelium was found to be more sensitive

to the mutagens than the spores. After a 4- min. exposure

0,35% colonies survived. After 15» 30 sec. and 1, 2, and

4 min. exposures 150 colonies were isolated. Their »r.tibiotic

activity will be further tested.

Gamma rays. Gamma rays were applied to the homogenised

mycelium. The intensity was 100,000 rtg and the suspension
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The conception of metabolic regulation of the

formation of tetracyclines was worked out on the basis

of studies of biosynthesis of tetracyclines by means

of labelled precursors (Vanék et al., 1973)»

The complex approach to the study of the regulation

of biosynthesis of tetracycline antibiotics yielded a series

of experimental data, including the information concerning

genetic processes in the production strains, metabolism of

the blocked mutants and biochemical basis of the productivity.

This made it possible to present a review article about gene-

tic problems associated with the biosynthesis of tetracycline

antibiotics and to outline general conclusions concerning

the genetic regulation of their biosynthesis (Hosüálek

et al., 1974b).

It follows from the results obtained that ergot alka-

loids are not physiologically inert metabolites. They influence

the primary metabolism of the producing cell and can be

classified even as its regulators. They stimulate the activity

of tryptophan syntneta&e and acetylCoA carboxylase and

inhibit citrate synthetase, isocitrate lyase and malate

synthetase. The obtained results clarify the inversion relat-

ionship between the synthesis of alkaloids and tricarboxylic

acid cycle and glyoxalate cycle and demonstrate participation

of ergot alkaloids in regulation of the tryptophan metabolism.

The inhibition of ATPase by ergometrin indicates that ergot

alkaloids play a role in the energetic metabolism of the

producer. The period of cytodifferentiation at the beginning of

¡
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fermentation, when the cell represents a formation

with several alternate -ways of development, is a very

sensitive phase of regulatory mechanisms of the

production of alkaloids.

IX, Papers published on work done under the contract
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(1972).
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ad C) Papers are in preparation.

k, DrSc.Zdenko Vanek,
Head of department

Prague, September 10,, 1975•

Doc.Ing/x.Zalabák, CSc.
director of the Ins t i tu te
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