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Biosynthesis of vitamins, antibiotios, lndvothor btg-
logically aotive metabolites is a property widsspread -n§n3
;1oroor¢un1-ns. They playsd an important role in produotion
of different pharmaceutiocal oompounhl. antibiotics, steroid
drugs, vitamins, amiﬂbnoidn. enzymes, substanoss of utmost
impcrtance for medicine, Industriel microbiology inoludes
some of the oldest of man's social and domestio aotivities,
for baker yeast, wine-making, vinegar produotion were oarried
out by many of the early civilizations,

The miorobiological inductries as they sxist today can
be olassified into three main groups. There ars ths alcoholio
bsverage industries, including yeast produotion, brewing,
beer and vine production which are not only the oldest but
also the largest group. In many wajys:z, chey differ fundament-
ally from other microbiological industries.

Another group of microbiological industries concerns

with the production of f{ormontod food and food supplemonts.



In the scarch for witys of facrenalng the auount of food
producerl, microorganisims are involved in protein p.rodudtlon
(s0 called single cell proteoin),

Already some provwth-promoting substancos for plants,
new types of herbicides and lnsecticides are produced by
microorganisms,

Pharmaceutical and, first of all,. food industry make use
of the capability of microorvganisms to rnynthetize exogenous
aminoacids, whichh are necessury for proper human and animal
nutrition, The best producers of aminoacids are species of
Micrococcus and Dacillus,

Vitamins are produced basically by microorganisma
isolated from soil, The bacterin synthetize in the majority
of cases vitamins of the B group e.g, soveral species of the
genus Azotobactor (fnml]y Azotobacteraceae) are source of
thiamin, pyridoxine and biotin, Production of vitamin 812
has been carried out using Dacillus megateriunm,

Iungi are also frequently applied for vitamins production,
Most of the riboflavin produced microbiologically comes from
cultures of Ashbya gossypli and some Candida specios (Can=-

dida guilliermondil and Candlda flarvori ),

The mojor part of actinomycetos also shows the ubility

to the synthellze ditferent vitamins, for oxamplo, panthotenie




acid, biotin and nicotinic acid are produced by a strain
of Streptomyces rimosus,

The liaison between the pharmaceutical and miorobiolo-
gioal industries has bscome very firm during the past two
decades, following the disoovery of antibiotios.

The applicability of microorganisms for phgr-aooutiqul
industry, especialliy in drug synthesis, is a result of ;o-
operation of microbiology, biochemistry organio and physioal
chemistry and biotechnology. Mors recently, the pharmaceut-
ioal industry has found another vo;y prof itable use for
mioroorganisms in the production of steroid drugs by mioro-
biological transformation. The produotion of steroids has
beocome one »f the important br-nohes of pharmrceutiocal
industry,

The production of many steroids consists of trans-
forming readily available basio steroids miorobio-
logioally to important intermediates, which later on they
can be oonverted chemioally to the final product,

Partioular position among organisme used in pharmaoceut-
iocal industry is occupied by antibiotioc=-produocing mioro-
organisms., Antibiotics have widespread application in

humsan and animal therapy, agriculture, food preservation

and as tools in biological resernch etc,



The econcmical role of the nntural products of micro-
organisms is of utmost importance, Total quantity and value
of some natural products produced by microorganisms are
given in Table 1,

lHlundred of thousands of different microorganisms isolated
mainly from soil were screened for their antibiotioc-activity,
Recuntly several clinically valuable antibiotics &re pro-~
duced on a commercial scale, Although organic chemistry has
succeeded in synthesizing several antibiotios, nearly all
of the industrially and olinically important ones, are
produced biosynthetically,

In biosynthesis of natural antibiotics the following
taxons of mioc oorganisms are the ain oness: Act’'nomyzetales,
BEubacteriales and Aspergillales,

Up to the end of the 1940's, fungi, and to a leswer
extent baoteria, furnished the greatsst number of antibiotiocs
digcovered, Between 1955 and 1962, howsver, about 80% of
antibiotice found, originated from different genus of the
order of Actinomycetales. Now, more than 50% of antibiotiocs
are produced by streptomycetss (Fig, 1). In the pa#t 10
years, again the ratio of antiblotics iasolated from Actino-
mycetalss diminished decisively. The ratio of now antibiotice
especially those found in funri, shows now a tondency to

increase (Fig., 2).



Great enreening program stnrted after 194%, utilized
simple methods for tho isolation of the large nunber of
strains from soil snmplos, resulted in hundreds of anti-
Liotiecs of Actiironycotales origin, The highest number of
strains produoiny entibiotics was found among Streptemyos~
tnceaos (Fig. 7). About SU% of antibiotiocs desoribed up to
now, wore ircolated from Streptomyces spscies,

Antibiotion irolated from Streptomyces species belong
to éifforent chenionl groups (macrolides, aminoglicosides
polyenen, tot=acr-clines, reptides, P-lactams). Some Strepto-
riyees apcoios, producing nntiblotics of tho greatest im-
portancoe in chomotherary of infocotious diseases are listed
in TnYble 2,

Tho irmvorterco of non-~Streaptomyces microorganisms
pelonging to Actinenycetnles in en ‘nteresting and an
Intonsively stuilcd problem in antibiotic research, The
»ntio of entibiotics of ron-Streptomyces origin amounted
to 4=5% up to 1965 and hes since risen to 10%, Gentamiocin,
rifamycin ecud ristocetin tnke their origin from Micromono-
spora and Nornrlin spoocion, Somoe problems are posed by the
weecrtaln ldwntification mothods of theso groups of micro-

orsanisma, Nocardia meditorranei produoor of rifamycin



was for a long time supmsed to bé a Streptomyces apeéion.
Probably becauss of the progress both in new techniques
for collecting and processing scil and marine samples for
the isolation of microorganisms, and in more sgnaitive
technique for the detection of their antibiotic aotivities,
new antibiotics have beoen discovered in particular from
species belong to the Actinomycetales other than Stropto:
myces. :
Microorganisms belonging to Actinomycetales furnished
the greatest part of antibiotics in medicel and non-
mediocal use, altogether about 70 of'thom are utilized
today. Despite their declining ratio, Actinomycetales
still promise to be the richest source of useful anti-
biotics in the future, In the past 10 years, alle new anti-
biotios introduced in practico, altogethor 25, were
furnished exclusively by streptomycetes, except for
fusidic acid.
The antibiotics of fungal origin are frequently
used in therapy. Primarily Penicillium and Aspergillus
and soms other species belonging to fungi imperfecti

were of great practical value with respect to antibiotic

produotion, From antibiotics of fungal origin up to 1974




10 have been cormercinlizod: bonzy pnntci]lin, penicillin V,
penicillin 0, cephalosporin, griseofulvin, fumagillin, va-
riotin, fus.dio acid, siccnnin, and xanthocillin, As yet

no new antibiotics of fungal orligin, comparable in import-
anco to P-luctam antibiotlca, has been isolated, In

human therapy of several infectious diseases the semisyn-
thetio P ~lactam antibiotics play now a very important
role,

Among Eubacteriales and to a smaller extent members
of the .order Pseudomonadales may be of importance as souroces
of antibiotics, Within the Pseudomonadales, exclusively
Pseudomonasspocies, and within Eubacteriales only Bacillus
species, deserve nttention, Up to now about 10 agents of
baoterial origin have been introduced: colistin, poly-
myxins B and M, gramiocidin, gramicidin S, ty;othricin,
bacitracin, and atterlmin from Bacillus species, Pyocyanin
and pyrroinitrin from Pseulomonas species, and finally
nisin from other Eubacterianles, Except for pyrrolnitrin,
all were discovered before 1930 (Derdy, 1974),

The systematic screening of a large number of straine
belonging to Eubacterianles, MyxobLacteriales, Mycoplasma-
tales, as well as nbout 50 ooo fungnl species, neglected

up to now, and further screening of alge and lichenes
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may lead eventunlly to the Aiscovery of further new types
of antibiotics,

At present the prospccet of achleving results in the
tf'ield of semisynthetic antibiotics seems moroc promjsing
than in that natural ones, Research in the field of new
penicillin and cephalosporin derivatives continues unabated
and may rosult in the synthesis of further new pharmaceut-
icals of improved properties,

Imsolation of mioroorganisms from the natural environ-
ment is'now a problem not as fundamontal as it was several
years ago, though search for new antibiotioc sources still
remains important and purposeful.,

Much more attention is now ﬁaid to improvements of
the antiblotic yield, by the use of mutants and by making
use of the genetic recombinuntion,

Mioroorganisms with higher antibiotic yields are
obtained first of all by induced mutations, and by making
use of hybridization and recombination in microorganisms,

Mutation of a spocifio gone, which occurs under
life conditions normnl for the or¢snism, is referred to
as spontaneous mutation, Tts frequenoy in bactoria is
1 per 10 to 1 por 1010 colls por genoration., In fungl

the froquency of sponlincous mtalions of tho Jndividual
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genes was shown to be of the order 1 per 105 to t per 10

nuclei per generation,
Mut. tion frequency can e increased by treatment of
the organism with various physical and ochemical agents,

Among strong mutagens can be mentioned ionizing radiation

(X rays, neutrons, gamma and beta particles) and UV radia-

tion, Strong mutagenic effects are also exerted by chemioal

agents such as alkylating compounds, nitrous avid, ba-(
analogues, and acridine stains,

X rays, UV light, and alkylating compounds (mainly
nitrogen mustard and ethyleneimine) are most frequontly'
abpiigd as mutagens in sntudies on potentiation of the
antibiotic yield of actiunomycetes, bacteria, and fungi.

The effect of strong mutagens on microorganisms is
determinec largely by the act.vity of various repair
system capable of acting on aslngle strand gaps formed in
the DNA either directly or indirectly, Two such systoms,
excision repair and post-replication repair, and their
effeots are described on the basis of work with bacteria,
A third system of largely unknown mechanism is error-

prone and appears to operante as a minor alternative

pathway simultaneously with the two major pathways,
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Ultraviolet and Tonlzing rudintlens, most alkylating
agents cau vutations by misrvoepair through this pathway,

Some - ‘ﬂroprg_';:.\nlsms do not possess such an error-
prone ropalr system and therefore bs essentially immu-
table by these agents, Tn these orgnnisms a mutagen must
bo used that oporates by a cuusing replication errois
rather than repair errors (HBridges, 1976).

Ity combining mutagenic factors and applying selec-
tlon, the antiblotic yierld of many strains has been in-
croased, However, it shounld be emphaslzod thnt changes
leading to incroased ylold of antibilotic producing strains
is a very slow and grandual process, Penlcillium chryso- -
genun Thom NRRI, 1951 Ls 8 well known example, All indus-
trial strains of Penicilliium chrysogonum dorive from the
Wisconsin famlly, tho results of vast amtation program
performod at the BDotany Departments of VWisconsin Univer-
slty between 1946 and 1956, which paveo at last a tivefold
jmprovement in ponlclllin yleld, The Penlcilllium chryso-
genun NRIRIL 1951 wns o wild strain, Figuro 5 illustrataes
the gencnlogy of the "Wisconsin fomily", X-irradiation

of its nutural varlant NI 1951 D20 w!'h increased yield -

gave variant Y-10172, Nosvt, UV irvadiation (27% nm) pave




highly productive Q<176 strain whlch was for many yerra
used in the production of penioillin, A further mutant
BLJ“iO’ gav., aboul 25% lowsr yicld, but was un,gigmentod
and produced colorless penicillin, which was much easier
to purify, Seleoction of this strain again increased

its yield (NRIU, 48-701), and after nitrogen mustard was
usad as mutagen the high-yield unpiegmented NRRL 49-210%
strain waa obteinod, but this mutant produced a consider-
nﬁle amount of red-brown pigment which was an obstacle

in the purification proceduro, The line of strains treated
with nitrogen mustard gave the unpigmented high ylelding
matant NRIL 51-20 (Lackus and Stauffer, 195%)., Single
mutarita of Aspergillus nidulands with ralsed penicillin
yieids were isolated from descendents of the Glasgow wild-
type strain NRRL 194 following ultraviolet light treat-

mont, Each mtation was mapped to its chromosome by para-

/\

sexual haploidization analysis (McCully and Forbes, 1965),
Improved chlortetracycline-producing strains were
obtained in Streptomyces aurvofnclens after the treatmont

by Xerays, UV-rays und other matagons, Ultraviolet treate-

ment sooms tu give the best rosults {Sormonti, 1968),




Together with mutation, the recombination proqgau
was basical for obtalning mioroo;ganisms whose characters
are important in antibiotioc prorfuction, Recombination
results in a combination of parental genes in the progeny,
Crossing of strains with defined phenotypes, useful in a
€iven system, leads to accumulation in one genotype as
high a number of positive characters as possible.

In eukaryotic organisms the occurrence of regular

)
sexual oycle is a condition fundamental for recombination,

Nuclear fusion and gene segregation can, however,
although only occasionally also taks place in absence of
sexual cycle, by means of procesges which have heen de-
soribed as the "parasexual" cycle, In the pnrasexual oyole
the same genetic phenomena oocur as in the sexual cycle,
namely, oomrlete nuclear fusion followed by ohromosome
reassortment and orossing-over, However, these processes
ooccur in the somatic cells at a very low rate, This system
is only available in the Penicillium chrysogenum, Cephalo-
sporium acremonium and some strains of Aspergillus niger,
The l1life cyocle of all these fungi is predominantly hsploid,‘
with occasional heterokaryon formation at frequencies
varying significantly botween specles., From these hetero-
karyon occasional) diploid nuclei may be selected as first

demonstrated by Ropor (1952),



The frequoncy of heterokaryon formatiou can be ine
oreased by applying the protoplast fusion, The latter
makes it ai .o possible to obta. a 1ntarop’soiee wybridiza-
tion (Anne et al., 1976).

Since the discovery of the parasexual cycle, every
attempts have been mads to use it f'or the improvoment of
the production of penioillin, In Penicillium chrysogenum
strains carrying spore colour and auxotrophic markers were
used as parents in which single-step yiold increases were
induced by UV, The mutants hnd yield about 3000 U/ml.
Strains oarrying different positive mutatiopo were crossed
in a? attompt to obtain segregunts carryinrg both mutations,
Some crosses produced segregants with significantly in-
creasad yield, The offects are promising resulta for the
future appiication of reocomhin.tion to yield jmprovement
(Ball, 1973, Hopwood and Morrick, 1977).

Recombination is ocomuon among actinomycutes, too, <
Transformation and transduction are of 1l1little importance
in eleration of the antiblotio yiolds in strains of the
genus Streptomycos, Major part of (renetlc studies in this
field aro Lased on the conjugation procoss, Conjugation
in actinomycetes may load to heterokaryon formation

(uctinomycetaa oro tho only examplo of prokaryotlc orgnniams



in which thlis phenomenon was ebserved), to recombination,
or to plasmid trausfer,

In actinomyocetes A cycle analogous to the parasexual
cyole in fungi occurs, A fundawontial difference, however,
oonsiats In instahility of vhe diploid in the heterozygous
mycel Lum,

The conjugntion phenomenon was observed in actinomyces
atrains that produce a number of practically important anti-
biotics, Unfortunately, it remains hitherto without signifio-

ant effect on the antiblotic yield,

Only in the casae of chlortetracycline~producing

Streptomyces anureofaciens and oxytetracycline-producing

Stroptomyces rimosus, ylelds higher by 5 to 20% were found
in prototrophic recombinants obtained by conjugation of
auxotrophic mutnnts differing in the antibiotic yield
(sermonti, 1968),

In actinomycetes and bacterin, mothods applied for
gonetic improvement of the Industrial strains are based
first of all on mutations induced by various mutagenioc
agents, Thoe use of recomhbination in these microbial groups
is limited to & few speclos only, This process is of im-
portance for lmproving the antibliotic yleld of cukaryotic
organisms, May be in future it will appesr to be more

applicithle,



Propex stornge off the jeoaucoion stralne L3 an essent-
ial problem asaocair .~.d with the aso o micronrguniéma for
produotion of bisiogrciily «cilve comsun'~  including anti-
bioticas, Migh-yluia siiwius, Viito Gl usuwiliy votuined vy
long and troublesuv.: at:lios, liava tu bo atarted under con=-
ditions thot progerve utablilty ol ol elr properties,

Many indastrial microorgan’ sas degenerato or "run
down" followiugg sucenssivo vogetative transfers, Examples
of this degonoration, © iw3ult pircstirably of the production
of mutant s*ralns of tnoc microor;ni-ms are quite commonly
encountored., in a study o, thi:; p.enociionon in Straptomxcoo
griseus wa-. {ound that durin, 100.Jerinl transfers of the
organisms on venst-glucosc agrr. thern wus a progressive
tdegeneraticu® of L3 stroprorycite, A signiflcant deorease
in antibiatic (mtruptcmycin) producticn va, giuickly noticed,
After 88 trinafer., thn 2ul*uros -hovid decreased ability
to sporulcrte, ard “his win' foliowod by the appearance of
mealy growth and 1r'!naitly. the complote loss of spores
producing ability. It wns, found, howevor, that significant
changes in cortaln other binchomical activitles of the
stroptomycetaos, including the ablility to produce vitamin
3'2, did not ascomvany this loss of antibiotic~producing

f‘s‘)ili ty.



There are severai methcds available for maintaining

ocultures of microorgunisma. The rim of all these methods

is store the orgaunism undor conditions in which biological
activity is reducad to¢ a miinimum, while at the same time
ensuring that the microoryaninsm remain alive, Recently

more and more frequently the methods of deep freezing of

the spore suspension (-186°C), and stornge in liquid nitrogen
are applied, These methods have been worked out for fungi
and actinomycotes Lhat produce spores, Storage period
amounts to several months,

The most generally used me thod today is lyophilization
or freeze drying. Lyophilization involves a small amount of
microorganism in s vehiculum, usually serum, milk or sugar
solution, freoze drving tiis under high vacuum and finally
sealing off also tnder high vacuum, Lyophilization would
appear to be ths method o€ choice, particularly for main-
taining large collections nf cultures,

A techniques which jis very valuable in maintaining
cul tures of spore~forming fungi is to store organisms in
sand or soil,

For routine laboratory use, cultures of microorganisms
are often maintainod in opean stock culture on solid media,

The culturos are stored at Low temporatures in ordeor to

—
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avoid drying up to thh agar and to restrict the amount of
miorobial growthh, The cultures need to be transferred at
regular intervales, With some mioroorganisms, frequent
transfer has been shown to lead to a loss of norpholoéionl
charaoteristios and physiolopgical properties. On the uhol‘,
thorefore, this is not a method recommended, especially for
maintaining collectione of microorganisms, It remains,
nevertheless, the only mothod for ocertain groups of fungi,
especially non-sporeforming mould and fungi,

Many cases of phage infection of the antibiotic =
producing etrains are described in the literature, This
may lead to a total destruction of the industrial microbial
oulture, thus to the production stop, what results in
layco economic losses,

The vhenomenon of lysis '‘n aotinomycete: - the main
antiblotic producers ~ has been known for a long time.
Schatz and Waksman (1945), by their observations on strepto-
myoin-producing Streptomyces griseus cultures, contributed
to the discovery or the lytic faotor, When streptomycin
pProduction was topped in 1947 because of lysis of the
production str. 'n mycelium, the factor inducing lysis ;ll

found to show fcatures of a phage. The term actiriophage
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was proposed for phupges acting on actinomycetes (Roilly
and et al,, 1947),

At the same time many reports appeared on the occur-
rence of specifioc virulent actinophages during blosynthesis
of other antibilotlics, Actinophages were demonstrated to
appear in the fermentution broth of chlortetracycline-pro-
ducing Streptomyces aureofaciens, rifamycin-producing
Nocurdia meditorransi, and novobloclin-producing Strepto-
mycas spheroides, Common occurrence of phaie infections
in the industrial strains stimulated studies on the
causative agents of these infectlions and on their elimina-~
tion,

Actinophagos able to infect industrially important
culture ara ublguitous; they ay be found in soil, water,
air, or the microbial culture ftself,

Althoush phages are genorally designated as lytic
or tomperate, Lt mast he romombered tnat lytic phages
isolated from Lhe suvil mny nble to lysopgonize appropriate
recipients und that tomperato phages are virulent for
numerous Indicator strains, Moroover, a temporato phage,
through matiation or recombination, may ylaold lytice

vurinntls,

T —



The probability of phape infectiion of findustriael
actinomycetes formentation broth ts higher, since lysogenic
atrains aro used in wul'bh phage induction sceours under
the influeonce of vartous factors, often unknown, Because
of a widoespread distributtion of lysogony omong actinomyceles
(Rautenstein, 1957; PBradley, 1969), a selection of non-
lysogoenic strain for production is difficult and sometimes
impossible, Production culture should be routinely tested
for phage, and new substrains devaeliped as needed by seleo-
tion, The infection might be due to apocitio actinophages
which gat inta the fermentors Crom outsido during the
biosynthesis process,

Methods aimed at protection of the fermentation broth
against phage 1nfeotion conaist in tho use of phage-resistant
atrains, disinfection of the production aroa (natrtum chlor-
ate chloramine), An Important problem is sterility of the
air accossing the fermontors and formontation broth,

The success of the antibloties industry had a tre-
mendous iupact on the microbiological induatries as a whole,
Firat, 1t showed how co-ordinited eoffeort boetween micro=-
biologists, biochemists genoticlsts and blotechnologists

oan lead to very rapld ndvinces helng mado In a very short

/\
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period of time, Sacondly, it extended the rang of in-
dustrial microorganisms to include a hithorto little known
group of o.pganisms, the actinomycetes., Finall,, it led

to the development of a close liason between the pharma-
ceutical and microbiological induatries, which has sinoce
brought other developments, notably in the use of micro-
orguanisms eg., in biosynthesis of compounds with different
biological activities, In this search for new products

in the microbiological industries it has become necessary
to exploit to the full extent the synthetic capabilities

of microorganisms,

[P ———



Table 1
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The quantity and value of some products produced

by industrial mioroorganisms

Quantity of a product

Produot manufactured per annum Value in Us ¢
Beer %50 millions hl 22,% milliards
¥ine and 300 millions hl 15.0 milliards

other spiritie

Daker's yeaste 600 000 tons 2%0 millionse
Feoding yeaste 800 000 tons 400 millione
Citric acid 290 000 tonas 33% millions
Antibiotios 8 000 tons 1,5 milliiards
Glutaminio acid 100 000 tone 300 millione
Corticosteroids 325 millionse

—



Tabice 2

soime sLrains ot

antibiotics m

(renus Streptomyeos producing

ost of ton

usod in therapy

Stroptomyoes str

ain

AMtiblotics

S.oriacns
S, venozuol aot

s.aaroofaciens

S,r lnmsus
S.erythreus
S.antibloticus
S.narboensia
var, josamyceticus
S,ambofacioens
S.floridae

S.vinacoeus

S.orchldncous

S.,egarviphalas

T ——— W et

S, tavendulne )

S.,noursol
S.hachl joensts
S.albo=-niger
S.spheroldes
S.orientalis
S.kanamycoticus
S.rimosus

af , pnromomye i nus
S,pristinage - spiral
S.lincolnenstis

var,lincolnensis s
S.eaproolus sp,.n,
S,nodosus
S.sp, M 575

S.cacspitosuy

——— —

Pen,

Streptomycin, Chromomycin A

Chluramphionicol®
Chilortetracycline,
Totracyclino
Oxytetracycline
Frythremyein
Olomnmdomycein
Loucomycin

( Jusmmycin)

Spliramycin (Rovamycin)

Viomycin

Cyclosorino

Nystatin (Fungicidin)

Trichonyein

Puromycin (Stylomycin)

Novobiocin
Vuncouycin

Kanamycling

Paromomycin (Aminosidin,

Cuatonulin, llydroxymycin)

Pristinamycin

Lincomyecin

Capreomyein

Amphotericin 3

Mitomycins



Table 2 (continued)
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Stroptomyces strain Antibiotios
S.olivoreticuli Olivomycin
S.ardus n,sp, Porfiromyocin
S.verticillusa Bleomycin
S.peuceticus Daunorubicin
S,coreuleorubidus
S.tenebrarium Tobramyoin

liiggens and Kastner (Nebramycin)

* Produced mainly by chemical synthesis
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Fig., 2. rercentage dsstribution of antibiotics
occording fo producer type of mIcIoorganisms (sérdy, 1974)
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Genealogy of Penicillium chrysogenum strains of the Wisconsin family.

UV-1 - selection following UV irradiation 2750 &,
following UV irradiation 2537 2.
mutation,

UV-2 ~ melection
S - selection without preceding
X - gelection followings X ray lrradiation, NN - gelec=-

tion after nitrogen mustord trentment
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METHODS  VskDb  UN SebItCrioN or YInLD NG STRALNS
FOR  THE DPROOUICTION  OF  ANTINIOTIOS

Microbiology nnd pharmaceutical Industry are now

‘

facing a task to maximallze the antibiotlc yield of micro-
organisms, because of continuully tncreasing need for anti-
biotics, especially those applied as drugs,

The highest possible antiblotic ylelds can he accom=-
plished in pfuctico by various methods, such as the use of
precursors, metabolic inhibitors, onzyme atimulators, pre-
Ooisely formulated productioﬁ media, and genetic procedures

(Berdy, 19:4),

Positive results of seloction of microorganisms with

—

high capability of producing antibliotics woere obtuined \
particularly by various genetic methods, Genctic annlysis

may contribute to the elucidation uf the mechanisms éf DNA

modifications at molecular level, followed by phenotypic

manifestation, As n consequence, by selection ot adeguate

methods, it 1s possible to control in purt the process
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of microblal vartnbliilty towiod on neresse i the ant ) -
biottc ylold, 3

The knowlodge ol the nontiblotic synthesls process
19 still too 1little Aas for the regunlremonts of the con-
temporary industrial gonolics, Microorganisms that produce
antiblotics are seldom a modeol for genetjo research of
gene-onzZyma relation or the rogulation of biochemical hio-
synthesis pathways,

The quality to produce an antlbiotic 1s widely di-
stridbuted In nature, However, majar purt of the antibioticse
applied in human and animal therapy, or used us tools for
metabolic research are produced by microorganisms of the
order Actinomycetales and Fubactoriales and by fungl bo-
longing to the class Fungt Jmperfoctl,

Actinomycetes and Fubacteriao are prokaryotic
organisms, while fungi roprescnt kucaryota, Theose iwo groupe
differ fundamentally with rospect (o the structure of thelr
genotic apparatus, and spocificlity of gonelio phenomena
that oocurs in a ¢iven groups Is determined by this fact,
The deoxyribonucloic acid (DNA) of encaryotes occurs in
several separate chromosomos togoethor with struoclural und

rogulatory mrotelns (histone); complox amelear dlvisjon

(
\
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mochoantwms (b bocia mpl woao cbs) eonsore (he exact part bt bone
ing of geneas Lo dovcchiteor mucele ond progieny ad the cheomos
somes ara rololned in the disoprete roagton ot the coll by n
niclear membran~, ‘The chrvomasome ol procarvyotos, on tho
olther Yvuid, Is o ~dnggin e abie BNA moteonloe wilh foew, if
any, jproeotein molocules pormunently associatod with 1L, and
therea Is no nuclenr membrane, Procacyotos possess plasmida -
eircular DNA moleculos constderubly smaller than the chromo-
some and representing genns dispensuble, at least under
certain conditionas to the organism carrving them, Such genos
determine characters - sex, antibictic production or re-
sistanoce, pathogenlioity etc, Plasmids avn carried by only a
proportion of populntions mowmbers, 1n Pucaryotes genetic
research deponds on scyunl reproduction, involving fuslon
of haploid nuolel aund their formation agnin by reduotion in
moiosis, In some fungi parasexual phenomona occur conslisting
in somatic recombiniatlion wilhont soxual roproduotion, It is
the only system avallable (n the tmporfeot fungd (Pronte-
corvo and Sermonti, 195h),

On tho other hand, in procavyotuvs oeccur several pro-
cesses (ransformition, transduction, and conjugation, with

thae anmo gonotic coyqegquencoes as soxnal roproduction - tha

[
\




crontlon of new cnmbir s toen o :-,:-nw-- w bl gt ey
markodly formae Vi

AMter the dlscovery of antiblatics a9 natural products,
an extensive exploration of matieal hnbartets (mninly soll)
ts search ot naew prodpcin strains has slarted,

ITsolation of mic roorpgani sms ffrom the naturnl envircon-
mont is now a problem not as tundamental as it was soeveral
years ago, though seurch for new antiblolle sources still
remains importunt and purposeful,

Muchi more attontion is now paild to improvements of the
antibiotic yield, by the use of mutants and by muakliag use of
the recombination variability,

Attempts at increasing the yield by genetic procedures
were unexpe tedly successtul, £ udies on fenic llium atrains,
carried out by Allkhaulan (1902) for over 2 years , made
1t possible to clerate the yield from about 20 to about
8000 penicillin units per ml, Huckus and Stuuffer (105%)
wore able to increase the yield of Penicilliuam chirysogeonum
strain from solues 100 to some 2000 peniclllin units per
ml, Average yiolds of Poutciliium chrysogemun stirains now
used for benzyl penlcillin production wre of the ordor of

several thousamls units per omb, s i the case with peni-
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ciilin, markodly clevited yiclds wore nlso obtnined fcr stratins
producing stroptomycin, chlortetracycline, oxytetracyclino,

and erythromycin, Tho incrcase in ylolds of sowe antiblotios
in recent ymars is lllusirated by data in Table T,

Microorganiasms with higher antibiotio yields are
obtained firet of all by induced mutations, and by making
use of hybridization and recombination in both prokaryotic
and eukaryotic organisms,

Mutations emerge most frequently by gene change into
ite new allele (gene mutation), by modification of the chromo-
eome etructure (chromoeome structure mutation), or by modifi-
cation of the chromosome number (chromosome number mutats n).
Mutatione are expressed as phenolypic effects in prokaryotioc
and haploid organisme. In diploid organisme the modified
geone in the majority of cases ie recessive aguinst nommodif -
ied allele, and mutution can be expressed just in the next
generations,

Gene mutation consists in a modification of the nucloo-
tide eoquence in a givon reno, thus it occurs at DNA structure
level, In a mochunism callod transition one purine baso is
replaced by another, or a pyrimidino bise is roplaced oLy

another. Substitution of purino by pyrimidino bas is referred




to a8 trunsversion, Deletion or insertion of a single or some

nuoleotide nvajirs ure alaso pos: bLle,

DNA structural changes result ing

1. Mutations of menss change type - oodon for a given amino-
acid ie replaced by another codon for snother aminoarid,
In the polypeptide thus formed a given aminoacid may cliwie-
g® its poeition,

2, Mutations of nonsense type - ocodon for an aminoacid is
replaced by a nonsense ocodon. The polypeptide chain thue
formed will be shorter,

9. Translation phase change mutations, consisting in abnormal
translation from the mutation point.ln the peptide thue
formed aminomoids are incorporated improperly,

Mut tions are random ir character, wha . means thst
it oannot be anticipated which gens and in what direotion
will undergo mutation in a given microbial osll population,

Beside gene mutations, there are also chromosome
struotural mutstions, whose wmechanism may be deficiency of

a ohromosome {ragmont, integration of an sdditional homolog-

ous ochromosome fragpment (duplication), trauslocation of a

fragment wlthin a chromosome, or lnveraion by 180 of a

ohromoesome frurmnoani,




Mutation of o spaclt e pone, which oceurs undeor 1{te
cmnllHunQ normal tor the orpgeat-m, or refer, sd to as spoan-
tanvous mutation, Its (reqguaoncy in buctoeria is 1 par lﬂ" Lo
' per IOH) cells pur guneration, Iu fungl the frequency of
spontuneous mutation< of the individual genos was shown to
be of the order | per 105 to | per 106 nuclei per genetntlion,

Mutation frequency can be lucreased by treatment ot
the organism with vuarious physical and chemical agents,
Among strong mutagens cun he mentioned ionizing radiation
(x rays, neutrons, gamma and beta particles) and UV radiation,
Strong mutagenio sl(fects are also exerted by chemical ngents
such as alkylating compounds, nitrous acid, buse analoguss,
and acridine stains,

X rays, UV iight, and alkyluting compounds (-uinly
nitrogen mustard) and ethyleneimine are most frequently
applied as mutuagens is studies on potentiation of the antl~-
biotic yleld of aclinomycetes, bacteria, and fungl.

Mutagenic effect of X rays first of ail consists in
inducing multiplo lonlzations upon ponetration of the cyto-
plasm, The emerging inus, in (nnJuction with oxygen, give
rise to highly renctive froe organic radicals which induce

mutations by aocting on DNA or chromosomes, Indirect eftect
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of X rays is more nssontial in inducing mutation than direot
aotion on DNA, Biological effect of X rays is commonly
measured in terms of jonization units named roentgons (R). '
Mutation frequency is related to the number of R absorbed,
Mutagenic effeot of X rays is higher in oxygen -~ ocontaining
atmosphere, and inoreases as oxygen contents in the unviron-
ment Lncrease, According to many authors, mutants with many
times higher antibiotic yleld ocan be obtained using doses
from 200 000 to 640 000 R, various irradiation doses being
optimal for virious microorganisms, The mutation index is
highest when doses are applied inducing cell death in 70 -
90 percent,

Clear mutagenic effect is exerted by UV light, espe-
clally at 2%3.7 nm wavelenght, Tii6 curve of mutagenioity to
wavelength relation fi‘’- perfectly the curve of UV absorp-
tion by DNA, It can be inferred, therefore, that mutagenic Q
and lethal effects are due to direct UV absorption by purine
and pyrimidine bases, 'V - induced reactions in the irrad-
1nfod cells are complux, since the radiation is absorbed not
only by DNA but also by RNA, protelins, and free purines and
pyrimidines, The mechanism of UV lethal and mutagenic effects

congists in induoing the formation of thymine, cytosine,
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and oytosine-thymine dimere, Thymine dimera ara formed

most frequontly,

Exposure to ultra-violet rays (UV)

Varlous typed of lamps emitiing ultra-violet rays of
2317 | wavo-lenght can be usad for irradiation, The most
commonly used is the "(eneral Elactric Germicidal Lawmp -

15 watt", Vith a distance of 60 om between the irradiated
objeot and the source of irradiation (the above-mentioned
type of lamp), the intensity of irradiation amounts to ‘46
org/ooo/hnzi other authors caloulate that nt.n distahoe of
45.72 om (18 inches), the intensity of irradiation is

20 .rc/-oo/-nz.

For this type of work the "Philips" 57419 P/30 TUV
30 ¥ germioidal lamp with quartz filtor can also be used,
The intensity of emission of ulira-violet rays for the
latter lamp at a distance of 60 om is 40 ers/aoo/hnz.

The intensity of irradiation is in direct proportion
to the duration and in reverse proportion to the second
power of distance. The duration of irradiation may vary
from 1 second to 1 hour and the distance from 5 om to 140 cm,
The doses moat frequently used in irradiating Actinomyoces

he ]
spores range from 2000 to 10 000 cvrr/mm™,




.

lrradiation (= bLeat porformed in n darkroom, in order
to avold 1 nctivatten by viabije 1ight,

Hetore starting terndinllon with ultran~-violet rayes a
ourve should be drawn ont depioting the survival ratlo of
the defined microorganiam nnd gtven lamp,

The suspenslion of Actlnomyces spores ashould he prepar-
ed immedliately batore irradiestion, Storage ol spores im per-
miasible only for hours atl 4°C, Three to four hour incubat!ion
of spores before Irradiation oonsiderably lncreases thelr
sensitivity to ultra-violet roys,

The groatest number of mutants is most frequently
obtained by lethal or almost lethal doses of ultraviolat
rays. Various mutants may show changed morphu]ugien]lund
physiological featurem and may produce less, the swae amount
or more antibiotic as compured to the Initial strailns,
Irradiated spores de not pgrow simultancously and ol ten show
delayed growth,

In order to obtain sporas for irraadtation, w mature
culturo of a strain on obligue agar should be washed of b
by a sterile solulion of physiologleal saline (i minority
of authors rocommends distitlad water), In order Lo oblatn
saeparato spares, the suepen=-ion ~houtd bo shoten togother

with stoertbe smaes L bas s poef e o 2200 mnrs oy then
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filtered six tilmer tiongi cotion andg ocenbriruged, Neaxt,

tye denslt- of fiitvied spores showlld b moaasursd By the
turbidimetirio metlind or counied o a Thoma-iGins OReLR and
diluted in thysiclogicsi suliow goiuileon th o2k G mannol' &m
to obiain frcm 4 x 106 ta /& % 1%8 sporcs per 1 nml {various
researches give differsnt deavitien),

The suspenoion of sporrar ©F known density is poured
into flat, circuler oontninnrs rofto of glass peustrabls by
ultra-violet ravs (quartz or silicats giesr, for example),
in the amount of, To: example, 13 mi of suspeneion 1nte &
100 ml container, During irpasiatlon the ashtaihey rotates
at a rate of 130 revclubtlons pax iinuta, in ordar to saourd
uniform'sxpoauro te ulirn~violet ruve, A 10 om Petrd plate
may also e used, inte whinh 1015 ml of survension i»
poured (the susprnoion af rres shouwld be approximately
2 mm high). Durlng irradietion tha plats 1e opshod and the
spores are put in aotion by steana of u magnetlo mixer, At
cexrtain defined intervuls, partse of thie naterisl way bs
taken for examination durins tiho procoss of irradiation,

The irradiatod suspension of apores 18 lumediatoly

sown on Potrl plates with the right agar medbmm, 0,1 to 0.2

ml por plate spread over thn curiace witihe o fiaas rod,
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Other authors dl:uie tho suspennion ol apores hefore sowing
by menns of physiologlen] sn'ine solution to a level of
ho-h00 spores por ml,

Treadintion of sporoes way nlso be carried out on the
agar ourfaco in the Potri plate, In order to do this, Petri
pletnoo with the right rmodiun for the irradiated strain are
prorared, After 2-3 dayo the slightly dried-up plates are
inooulated with a defined amount of suspension of measured
density (usually 0,1-0.2 ml of suspension with a density
of 250-1250 sporos mer ml), It is ndvisable to keep the
plates in automntlo motion during irradiation, Open plates
aro irradiatod,

The plateo with irr-diated spores are inoubated in a
thermostat at 28°C for 5-8 days and the colonies that grow
are subjected to exsmiration.

Because of the feot that results are frequently reported
in the literaturc with ¢!'€ferant units for light Intensity
the following convernion factors may be found usefult

1 oa}orie = 4,185 joules

1 Joule = 107 ergs

1 watt = 106/uwatta = 1 joule/sec, = 107 ergs/sec,

L7,6 -16 1992
mxio oal.a;\inm/“)-

1 quantum =

x 1= 12

ergs,

i




At A a 2%3.7 m/u, 1 quantum = 7,8 x 10-12 orgs.,

For a G3OT8 germicidal lemp, the effeotive mitting lenght
of whioh is 81 cm, and the oiroumference 8 om, the tots&l ultra-
violet emission is about 7 watts, or 10.801/uwatt-/on2 at the
surface, or 108,000 ergu/omz/seo. Since most of this is at
25).7 m u, the emisslon at the surface is 108,000 x (10'%)

16

7.6/quanta/cm2/aec. = 1. x 10 qulntn/omz/-oo. at 2%3.7 n/u.

Alkylating compounds, such as nitrogen mustard, diethyl
sulfonate, or ethylmethyl sulfonate, are mutagenic by aoting
of the reactive alkyl groups on guanine of the nucleioc néida.

Methyl, ethyl, or a larger group is introduced into posi-
tion 7 of the guanine ring, what is followed by disruption of
the glycoside linkage between guanine and pentose, and this
may lead tc depurinization of ‘1@ DNA moleculr ., Alkylating
compounds that possess more than one functional groups may
resot with guanines in two oomplementary DNA strands, thus

forming oross linkages,

Ssleotion be means of nitrogen mustard (trichlortriethylamine)
1, Preparation of nitrogen mustard solution: Moleocular weight
of nitrogen mustard = 133, In order to obtain 1.2 M solu-

tion of nitrogen mustard it is neoessary to weigh out

1.596 g of substance and dissolve it in 10 ml of water,
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In ordor to obtain 0.5 M solution of nitrogen mustard

it 1s necessary to weigh 0,66 g of subatance and dlssolve
it in 10 m) of water,
Cautiont the sclution retains its effectiveness only

for 20 min,

Preparation of suspension of spores:

10 m! of disti}led water is poured into a test-tubo
containing a well-sporulating culture of the examined
strain., It 1s then shakon, The suspension obtained ln
such a manner is filtered in sterile conditions through
cotton-wool in order to obtaln single aspores, The number
spores in 1 ml of suspension is then calculated and
diluted in such a way as to obtain 1,000,000 spores per

1 ml,

Procedure

5 ml suspenaion of spores should be added to % ml of
nitrogen mustard solution, thus obtaining 500,000 spores
i 0.25 M solution o1 nitrogen mustard., From solutions
obtained in such & manner samples of 1 ml should be taken
after 5, 10, 15 and 20 minutes, The obtained samples
(1 mi each) should be diluted decimally t.e, to 1 ml of
samples one should add 9 ml of distitled wuter, woll mixed

in order to remove the remiains of ni .rogon mustard and
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sown on plates with sporulating medium, The plates should
be inoubated at 28°C for 10 days.

At ths aame time, an adequately diluted control suspen-
sion of spores (ocontaining 500.000 spores per ml) should
be sown in order to caloulate the death rate and observe
morphologioal changes taking place in spores exposed to

the influenoe of nitrogen mustard,

Chemioal oompound used vsry often for the sslsotion of antibio-
tio produocing aétino-yootu besides nitrogen mustard is ethylen-
eimine. Ethyleneimine reaots readily with oarboxyl amnd hydroxyl
groups, and with H,8,

Ethyleneimine solutions in distilled water of oonoentra-
tion 1:3000 and 116000 aftsr 24-~48 hours oaussd marked mor-
phologic variation, Sclutions causing about 99% lethality ars
used for selecting high-yield struime.

Some authors have obssrved that ethyleneimine gives a
higher mutation rate than UV or X rays. Ths best mutagenio
effeot was obtained with high oonoentrations of ethylensimins
aoting for a short time, Ths 1sthal effeot was similar undsr
various oonditions,

In agqueous -olutioqa ethyleneimine binds molecules of
water giving ethanclamine, which exerts a lethal effeot equal

to that of ethyleneimine, without giving a mutagenic effeot,
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Supposedly, after longor oxposure in solutions of low con-
centration, the strong lethal effect and wsak mutagenio
sffeot are r lated to the transf rmation of eth; leneimine . )
into othanolamine,

Studies on tho mutegenioc propertiss of ethyleneimine on
cotinomycote streins have shown that ths maxisnm of variants
with high aotivity is obtained after shorter exposure to
othylensimine, Seleotion by means of ethyleneimine followed
by oombined erposure to ethyleneimine and UV yielded a etable
variant with nearly twofold higher aotivity than the parent
strain,

The offoot of stronz mutagens on mioroorganisme is de-
terainad vory largely by the aotivity of various repeir
syotem oapnble of aoting on single strand gape formed i the
D¥A either directly or indiraectly, Two such systeme, ox-
cision ropair and poat-roplicetion repair, and their effeots
arn deaorib~¢ on tho banis of work with baoteria, A third
syoten of lorgnly uvnicnown meohanism is error-prone and
nnpeers to oporato'ao a minor alternative pathway sisultan-
ocusly with tho two major pathways, Ultravioclet and ioniszing
radiations, moat allyletin~ agonts causs sutations by mie-

rapalr throuch thias pativray,
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Some mioroorganisms do not possess suoh an error-prons
repair system aud thersfore he asssentielly immutable by theee
agents, In ‘"\is organisnms a wut gen must be ue’ 1 that operates R
by a causing repliocation errn~s rather thun repair errors
(Bridges, 1976).

Selentive methods for the feoclation of mutants are dbassd
on differences between tho growth ra‘es of the required
mutants and their parent strain, The simplest method of all,
ie to teat a very lorge nurbsr of indepondent olones with
the hope of finding at last one whioh shows some 1nprov'§ont
over the paront strain, Screening in this way is a time~
honoured method and without doubt has ylelded strains of oon-
siderable imnortance for produotion proocesses. It may be the
only possible method for selecting ussful variants of some
of the indu :irially important m oroorganiems,

A positive seslection, risthod, using modia whioh restriot
the growth of the parent strein and allow the growth of
partioular olasses of mutants, is probably the best method
of all, Examples will bYe discussed of various ways in whioh
the seneitivity of cultures to partiocul.r metabolioc analoguee

may be enhanosc by varyins the growth medium or the growth

condition of the inoculum (Clerke, 976),




Some mutants (resistant mutahts) are able to growth on

modla supplemented by a drug or tuxic agent in conditlons
yreventing growth ot the wild sonsitive cells, The gradient
plate method was developed by Szybalski (1952) for isolating
mutants resistant to &« given antibiotio, Two slunted layers
of agar are poured cut on a plate, one of them containing
the antibiotic, The concentration of the antibiotic 1is in-
versely proportional to the thickness of the upper layer of
agar, The microorganisms are inoculated on the plate, and the
oconcentration at which their growth is inhlbited is noted,
Ifighly resistant microorganisms can be isolated in ths zones
containing a high concentration of the antibiotio,

Selection method which can ldentify individual mutant
colonies by biochemioal reaction which are not given by
perent strain are very useful too (Clarke, 1976),

Nutritional mutants (auxotrophs) are the most widely-
adopted class of mutant in microbial genetics, and consists
of strains unable to grow on minimal media, i.e, on the
simplest medium able to support growth of the corresponding
wilde type.

The following mathods for isolating auxetrophe have

been elaborated:
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Total isolation, developed by Beadle and Tatwum (19LtJ,

is based on the known fact that wild type oolomien graw

on oomplrte as well as minimal medium beocawnsy they pou--
sess the oapadbility of eynthesising all the MNewionl aom~
pounds they need, On the other Land, anzotrojio matiie
grow only on complete mediva, In this method, the itrradist-
ed suspension of spores is inoculated first m amapiaty
medium, and then suboultured on minimal medinm, Miord.-
organisms which grow on oomplete medium but nut on minisel
medium are regarded as defeotive (auxotrophit) mmtuanta and
are examined on onriched modia,

Delayed enriohment method, ¢sveloped by lederheng and
Tatum (1946) deteots dofeotive mutants by paritally oltmim-
ating prototrophs, The irradiated mioroorganimae urd in-
oculated »n a mininal medium »n which only y “ttatrapha
grov, After making a noto of the colonies, mul aftox w
fixed interval, oomplete medium is added to Uie smuma plate,
permitting auxotrophs to grow,

Penioillin method, doveloped by Davis (1949), is alae
based on elimination of prototrophs. The sumansicn of
miocroorganisms, after being acoted on by a muinganic factor,
is inoculated on minimal mediwn containing 3 urita/isl

o(/p'éhicillln. Sincoe only prototrophs growt m :miinkl
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madiuwn, =nd poniciilin Amitbiio reprcGrotion of celles

during growth, tlo --oloforlis nre olinminated, Other anti-
bloties besidus panleillia cail o usnd,

Filtraticn -2t~d, o+ or ~mLoavro tu n rutagenio factor,
sporec ers inodoulate-l o1 limuie ninlmal nedium and inou-
bated until 2 vild-typ> r'yeotiv i dovilops, The whole is then
filtered th.oou:, = o> s'~icii tr~nn-~its only spores. It ie
anssuod tlimt cnly pratnltrarli s crov in niniral cedium and
weimain on 4o filicr, +h'le cr~ros ol rutents pase to the
filtrato, Tha filto~t- 2 Vien ‘neosuwleto! on oomplets
modivn, on vhich »n . vt-eln Movalon,

*R-alio0a platdis" roilo” dAwaloped Tor bacteria (Lederbderg
rad Ledorbers, 17:72), 14 ~mr B9 eonlioed to streptomycetes
and fuigl zvisr oo -1 celenicn, Tha colonios of the proto-
trophio strein ¢Lrslop An oo rloty wolinn and then the open
dizh 18 t1-net avm e 0 ntewiln soivet pod held in place
by a sp~einl pupoont, T o -ty st s mressod more or

1loss eccorilin~ “n s ~-glnpg vnevatly gontly for baoteria
rnd roulda, ~=& nrd Tor pbrent-myonins, Caoh colony leaves
a print en %15 volvoi ccrmgoording to its position in the
dich, A ¢iehr o7 ~teriln sitnl=) ecoar 47 then pressed down
tha velrat L%, Thu 7L of co~gleto nadivi with the co-

lom=ics Js Larr pri In . nT=lporecosr, and that of the




minimal medium with the printed ts put in the iLrcubatar,

After a day or two a smull arsa of growtl will dswelup. on
the minimal medium irn corvespondence winh ‘he print of
each colony, Only the prints of the auxctruphic uo Loniay
will maot dewelope further., i)y cumparing the disty ot Come
plote medium with repiica on the minimal wmedive, t¢ ts
pesuible to scoro the colontes which hava mot reniicwtuwmi,,

Thees are the presumed auxotrophes,

By aombining mutaguntca factars and applyung selewetiom,,
the antibiotic yield of many rtrains has been lncressed,
Bowever, it wvhould be emphasized that variutiim leading to
inareasod yield of antihiotio producing atrrains is a very
slow and gradual proceas. Variation of the Yenicillium chny-
sogenun Thom NIRL 19%1! is an axmaple, All trdustriul steraina
of Penicillium chrysogenum derive from the Wiacunwin family,
the results of vast mutation program at the Ratany Napart-
ments of Wisconsin University batwaen 1946 and 1656, which.
guve at last of fivefold lmprovament in pentcillir titer.
The Penicillium chryscgenun NRIU. 1951 waas u wild atrain,
The figure 1 illustrates the gencaloiy of Pentcilliwum nhirysic-
genum atraino of "Wiscoasiu fanmily". X ~leradialion of {ta

patural variant NIGL 1991 B24% with ineronsed yiola gove
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variant X-1612, Noxt, UV ivradlnatlon (257 nm) gave highly
productive Q-i76 strain which was for many years In Lhe

produoctio- of ponlcillin, A { irther mutant 1, gave

110
about 25% lower yieid, but was unpigmented and produced
colorless penicillin, which was much easjer Lo purifity,
Selection of this straln agaln incronsed its yield (NRI
48-701), and after nitrogen mustinrd was used as mulagon
the high-yield unpigmonted NRRL 49-2105 strain was obtnined,
but thlis mutant produced a considerable amount of red-brown
plgment which was an obLstacle in the purificatlion of penl-
oillin, The table 2 illustrates the correiation bolweoen
morphological characters and yield of penicillin In stralns
used in poniclllin produotion, Tho line of strains treated
with nitrogen mustard gave the unpigmented NRRL. 51-20
strain with high yleld of peniciilin, seiection of which
gave sirains with high but unstabitlized yiolds (Backus and
Stauffer, 195%). Single mulants of Aspergilius nidulans with
raised penicillin yleids were tsolated from dorivatlves of
the Clasgow wild-type strain NRiU, 194 following ultraviolet
Heght treatmont, Foch mutat,on was mappod to 1ts chromosome
by parasoxuai haploidizatlon analysls (McCuily and Forbos,
196% ).

Bottler clhiloriatracy o tipaproducinge strain:g were obinlnod

In St [0 ICRRTNERTLRN P H ,

(
\




UV-rays, or other mutagens, Ultraviolet treatment soems
to glve the best resulis (Sarmontt, 1968),

Together with mutation, the recombinotion prooess is
basical for ohtaing microorganisms whose characoters are more
profitable in antibiotic production, Recomhination results
in a combination of parental genes in the progeny. Crossing
of stralns with delined phenotvpes, useful in a given system,
leads aoccumulation in one genotype of as high a numbor of
positive characters as poasible,

In eukaryotic organisms tho occurrence of regular sexual
cycle is a condition fundamontnl for recombination, Gene
recombination occurs during metotie division, when upon con-
Jugation of the homologous chromosomes the chromatids break
and crossinrs ovor tiakes plnce, Reassortments of alleoles
originating from both parents is accomplished. Crossin/ over
occurs in the first meiotic divislon, when chromosomos enter
close contuot upon conjugation, NRecombinatlion inside a gene,
or betwoen linked ¢jones, is not always a result of crossing
over, There is a Lhecory that recombination cccurs upon
chrowm:-somoe replication, Two chromatids replicate on ithe
tomplate of tho original chrowmatidg; 118 at a specifie point

the templutle iy recinrcocally oxchanged, the chromatlids
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start to replicatﬁ on the homologus chromosome template
(copy~choice theory). The recombination process probably'
runs by both crossing over and copy~cholce,.

Nuclear “usion and gene segregation can, however, although
only ocoasionally also take place in absence of sexual cyzle,
by means of processes which have been described as the “para-
sexual cycle", In the parasexual cycle the same genetic phe--
nomena occur as in the sexual cyole, namely, oomplete nuclear
fusion followed by chromosome reassortment and crossing-over,
However, these processes occur in the somatic cells at a
low rate, It is only system available in the Penicillium
chrysogenun, Cephasloporium acremonium and some strains of
Aspergillus niger,

The life cycle of all these fungi is oredominantly
haploid, with occasional heterokaryon formation at frequencies
varying significantly betweon spocies, From these heterokaryon
occasional diploid nuclei may be selected as first demonstrat-
ed by Roper (1952).

The parasexual cycle is accomplishes in the laboratory,
and very likely in nature by three succesive steps (Fig. 2).
1. Heterokaryon formations: the hyphav of two differont ge-

netically marked strains aro joined by a cyloplasmic

anastomosis, and a heterokaryoiic myclium is tormed,




2, Diplotd formation: twe diffepent nuclel ovccastonally fuse
wlithiin the heterokaryotie myceloam glving a belerozypous
diploid nucleus which ¢¢lves a Jdintoid clono,

Y. Mitotlic sopregation: rare diploid nuclel within tlie dipiotd
clone undorgo mltotic seprregation, to glve clnnes which

can he etthor diploid or haploid,

As a result of the parasexusnl cycle, a difterenttated
syntem ards: s in culture, o,¢g,t
1, lloploid strnin similar to the parental straln,
2, Haplold strain with rocombinallons of all the chromo-
somes and chromosomal sogments ol the parental struln,
1, rarely, diplold stralns which are homo—-or heterozygous

ffor uall possaible markers,

Haterokaryotic cloues car be datectod or culture media
partinlly enriched in the contict zone of two parental stralns,
Thase clones grow on winlmel modium, Some of' the hetoro-
karyotic nuclei in conudiit dissocinte, giving the original
parental strains, The helevozygous diploid can be isolatoed
by ifunoculating minimal mediun with hetorokaryotic conidia
‘ 6 7 \ . . .

(10 = 1o’ per pltate), Colonies with phevotypr o chavactors

of wild strain are hoetrrovyious diptoids, Mext, the spores

of the heteroey: ons Gagpisid are subjgected Lo the antagenie



factors, and the sopgeoprants aea, examiped in deteail (B, 1.

Diploids stramms of ey reddtas nfdulons distingifbshes
feom haplolds by theic lorger conidiat dicmeter fPontocorvo
et al,, 19%3), bul this Is not always a reliable indlentor
of plotdy in Pendcellt tam ohpvsogconmam and Penieillium palu=-
Ling (Mu(.‘.donuhl at al,, 1967, 1964, l‘)(ﬁ]),

b early stulbies with "improved titer" strajuns ol fe-
nicillium chrysogenam masl haploid segrepants {rom diploid
wora of one or the other parontal genolype, o phenowmopon
termed Yparental penome sopregation® (Elandec, 1067), This
was probably due the parent haploids differings in chrowo-
somal roarvrangenoents such as resiprocal translocation, which
provented mmdom ehromosomna assortmont, iy usingg closely
rolated "sistor® steaina oy prrent, thesa barrlers Lo ro-
combination were ovorcome, and random nssortment of haplof -
divation groups wis achiceved (isa11, 1971),

The freguency of heterokaryon formation can ho tu-
creasod by applylnge tho protoplast fusion, The taltor makos
it also possible Lo abtain jateespecies hybridization,

Heterokarvon toraadion from Penicillivn chrvsogenitu
and Peniecilliun voquetortii was coported , by protoplast

fusion stimnlated be polvethylene ¢ veol (era). In this



way atrains were obtalned capable of growing on minimal
medium, while parental strains were auxo throphic, The co~-
lonies on minimal medium differed in color and morphology
from those of the parental strains -~ they showed jointly

the charactors of beth perents., Among heterokaryon, which
produced spores with the characters same as parental strains,
colonies were found with diploid mycelium,

The mycelium showed antibiotic activity typical for
Penicillium chrysogenum (benzyl, n-amyl, and 2-pentyl
penicillin was found in the culture filtrate), and produced
prototrophic sporus much larger than parental spores,
Spores of the diploid strain were green-white, whereas
Penicillium chrysogenun spores were white and Penicillium
roquofortji spores were groen (Anne et al., 1976).

Further studies are in progress, aimed at practioal
application of the stimulated protoplast fusion in both
funygi and actinomyces to improve the production strains
(Kur.-qtkowski et al., 1979).

Every since the discovery of the parasexual cycle,
attempts have been made to use it for the improvement of

the production of penicillin, In Penicillium chrysogenum




study stralns carrying apore colour and auxotrephic mavkers
woere used as parents ln which single-step titor incresnses
wera inducel by UV, The mutant: had yield abou it 3000 1j/ml, o
Struiny carrying dJdiffevent positive mutations were croased
in an attempt to obtain asegregunts carrying hoth mutations,
Two crosseos produced as a result of parasexunl cycle, segre-
pants with significantly increased yleld, The effects of
the two mutation were additive, u promising rosults for
the future applicatlion of recombination to yteld improv-
ement (Bali, 19773 lopwood and Merrick, 1977).
Recombinatlion is common actinomycetes, too, Transforma-
tion and transduction are of little importance in oeleration
of the antibiotic ylelds In strains of the genus Strepto-~
myces, and major part of genetic studies in this field are
based on the conjugation process, Conjugation in actino-
mycotes mny lead to hetervkaryon formation (actinomycetos
are tho only example of prokaryotlc orgoanisms in which
this phenomonon was cbserved), to recombination, or to
plasmid transfer, The consequences of the conjugation
process in someo stralns of actinomyces are illustrated !

in Table 1.
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Most investigators believe that the heterokaryon
arises from strains of the same species, A heterokaryon
from Stre; tomyces griseus and Streptomyces ¢ aneus has been
obtained only in one onss, the only known instance of
interspecies heterokaryosis,

Obtaining of the heterokaryon made possible the next
step in genetic analysis of actinomycetes,

The technique of obtaining recombinants in actino-
mycetes consist int

1. incubation of heterokaryons on selective medium,

2, inooculation of spores on selective media on which

the original forms grow,

3, isolation and detailed analysis of presumable re-

ocombinants.

In actinomycetes a oycle analogous to the parasexual
oycle in fungi occurs, A fundamontal diffor;hco, however,
consists in instability of the diploid in the heterozygous
mycelium,

The conjugation phenomenon was observed in actinomyces
strains that produce a number of practically important
antibiotics; unfortunately, it remains hitherto without

effect on the antibiotic yield,



In the case onily ol chivrvetracycl ipo=produelng Strope
tomyces aurcofactens and uxyteail:nc‘ycl.inn-rn*mluc).mg; Strepto-
mycos rimosus, ylolds higriter hy 5 fo 200% woro Tound in pro-
totruphic rocomblnants obtained by conjuernation of auxotro-
rhic matants ditterineg in tho antibliotic yield (sermonti,
19648),

Ag polnted ont Ly ponctio anolvels of the antiblotbio
production process in actinomyces, the antibintic synthesis
is controlled by nut unly gonny Incoatized {n the nucleotd
but also by plasmid genes, Dxytetracyeline produced by
Stroaptomyces rimosus, turimycin produaced by Streptomyces
hydroscopicus, and methylenomycin produced by Streptomycus
coalicolor are examples of plasmid-detarminod antiblotlie
synthesis., Hepgulator gones for the structural (TONnes cone
fx-t)l.lin(: chiarampbenicol asynthe is by Streptom cos vone-
znelae are probably aitso localized in plasmids,

In activomycos and bucterla, methods applied for
senetic improvemont of the prodaction steainy ure bused
first of ali on moutations indaced by virious mutagenice
agents, The use ol recombiuation in thrse microbial craups
i3 Jimited to n fow species only: this process is of little

lwportance for dmproviae Lthe anitbiotic yrtold of prokaryotle
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organisms, May be in future it will appear to be more
applicable, On the othar hand, recombination is applied

in trials on improvement of the antibiotic ylelid of fungi,
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‘Tble |
inereasn of antibiotic produetion with yoars by ponetio

nnd oul turnl improvomont (AlLkhanian, 1962)

Initial yiold at Yield obtalned In
Antiblotle (lll;:o(t:"::y o ";:;:;?;m::’;tﬁl‘
(it tas/mi) (antts/mi)
Pentetl 1 1in 20 (19h) 8000  (195%)
Streptomycin 50 (19h5) 5000 (1935)
Chlorotntrncycl ine 200  (1948) hooo  (19%9)
Oxytetracycline hoo  (1950) 6000 (19%9)
Brythromycln 100 (195%5) 2000 (1901)




Toatle o
Correlietion Hatwoean mocrphologieal churacters
and yisld of penictlliia ia streine used in

temiciilin prodaetion
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Genealogy of Pemculaan chirgsogenum strains
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