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Biosynthesis of vitamin.,  antibiotic,  and other bio- 

logically active metabolites is « property widespread «ong 

mioroorgani.«.. They played an important rola in produotion 

of difforant pharmaceutical compound»,   antibiotic.,  .t.roid 

dru«., vitamin.,   aminoaeide,  ensymes,   .ub.tane«. of utmost 

importance for medicine.  Indu.trial microbiology include. 

•orne of the oldest of man», sooial and dome.tio motivities, 

for baker yea.t,  wine-making, vinegar produotion were carried 

out by many of  the early civilization.. 

The miorobiologioal indue trie. a.  they exi.t today can 

be olaa.lfied into three main group.. There are the alcoholic 

beverage industries,   inoluding yea.t produotion,  brewing, 

beer and vine produotion which are not only the oldest but 

alao  the l*rg**t group.  In many way-,   they differ fundament- 

ally from other microbi»logical  industries. 

Another group of microbiolocical  industries oonoerns 

with  the  production of  formontod food and food supplements. 
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In   the   soared   Cor   Kays   of   Inrronalni;   tliu   amount  of   food 

produced,   microorganisms   ore   Involved  In   protein  production 

(so called  single   cell   protein), t       ' 

Already   some   growth-promoting subitáneos   for  plants, 

new types  of  herbicides  and   insecticides   ore   produced by 

microorganisms. 

Pharmaceutical   and,   first of   all,, food   industry make use 

of   th©  capability  of microorganisms   to   *>ynthetlze  exogenous 

aminoacids,   which  aro  necessary for proper human and animal 

nutrition.  The  boat  producers of  aminoacids   are species  of 

Micrococcus  and  line il lus. 

Vitamins  oro   produced basically by microorganisms 

isolated from  »oil.   The  nncteri»   sytithetize   in  the majority 

of  cases vitamins   of   the   13 group e.g.   several   species  of   the 

genus   Azotobactor   (faint J y  Azotobactoraceae)     are  source of 

thiamin,   pyridoxine  and  blotln.   Production  of   vitamin  D 2 

has been carried  out  using  HncllJus mega tori um. 

Fungi  are also   frequently applied  for  vitamins  production. 

Most  of   the  riboflavin  produced microbi ologically  cornos  from 

cultures of   Ashbya  goasypli   und  some Cundida   specios   (Can- 

dida  guillinrmondl I   and   Candida  flarori). 

The major  part   of   actjuomycelo*  also   «hows   the  ubilJty 

to   the  synthnUvtc   different;   vitamins,   lor   ojcanipio,   ptuilhotnnlc 
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«old, biotin and nicotlnio aoid are produced by a «train 

Of  Streptomyoes rimo au». 

The  liaison    between the pharmaceutical  and mioroblolo- 

gioal industrias haa become vary firm during tha paat  two 

daoades,   following  the discovery of antibiotics. 

Tha applicability of microorganisms for pharmaceutical 

industry,   especially in drug synthesis,   la  a result of co- 

operation of microbiology,   bioohemistry organio and physical 

otteaistry and bioteohnology.  Mora reoently,   the pharmaceut- 

ical induatry haa found another very profitable use for 

microorganisms in  the production of steroid drugs by micro- 

biological transformation.  The production  of steroida haa 

beoomo one of  the   important briñones of pharmaceutical 

industry. 

The production  of many steroids oonsiats of  trans- 

forming readily available basio steroide microbio- 

logioally to important intermediates,  which later on they 

can be oonverted chemically to the final  produot. 

Particular poaition among organisms used in pharmaceut- 

ical industry is  occupied by antibiotic-producing micro- 

organisms.  Antibiotics have widespread application  in 

human and animal   therapy,   agriculture,   food preservation 

and as   tools  in biological  rosomeli  etc. 
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The economical rolo of the nnturai producta of micro- 

organisms Is of utmost importance. Total quantity and value 

of some natural products produced by mioroorgnnisms are 

given in Table 1. 

Hundred of thousands of different microorganisms Isolated 

mainly from soil were screened for their antibiotic-activity. 

Recently several clinically valuable antibiotics are pro- 

duced on a commercial scale. Although organic chemistry ha» 

•uooeeded in synthesizing several antibiotios, nearly all 

of the industrially and clinically important onee, are 

produood blosynthetioally. 

In biosynthesis of natural antiblotioa the following 

taxons of mio oorganisms are the -iain oneat Aof nomyoetalee, 

Bubaoteriales and Aspergillales. 

Up to the end of the 19**0's, fungi, and to a leiser 

extent bacteria, furnished the greatest number of antiblotioa 

discovered. Between 1955 *nd 1962, however, about 8o£ of 

antibiotios found, originated from different genus of the 

order of Aotinomyoetales. Now, more than 50$ of antiblotioa 

are produoed by streptomycetes (Pig. O. In the past 10 

years, again the ratio of antibLotic» isolated from Aotino- 

myoetales diminished decisively. The ratio of now antibiotics 

especially those found in fun^i, shows now a tondency to 

increase (Fig. 2). 
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Great mroeninr,  program stortoci öfter 19'»% utilized 

alraplo methods for tho isolation of tho large number of 

• trains from soil anraploa, resulted in hundreds of anti- 

biotics of Actli'onycotales origin. Tito highest number of 

strains produoir.fi entiblotios was found among Streptemyoe- 

Laceao (Fig. 3). About Ç(# of nntibiottoa described up to 

no\t,   »oro isolated from Stroptomyoes species. 

Antiblotioii irolntod fron Streptomyoes species belong 

to difformi chmiiool groups (maerolides, aminogli co s ides 

polyenes, totratv-ollnoíi, pepiIdas, p-lactams). Some Strepto- 

nyoes apeoioi, rroduoinft nntibiotios of tho greatest im- 

portance in chemotVorapy of infectious diseases are listed 

in Table 2. 

Tho irporteroo of non-Streptonyoes microorganisms 

boloiißinic to Actincnycetf.loo in en 'nteresting and an 

Intensively stuiiod problem in antibiotio research. The 

••ntio of entlbiotios of ron-Streptomyces origin amount od 

to k-y$>  up to 1965 and hrs since ri son to 10%. Gen taralo in, 

rifamycin end ristocetin tr\ke their origin from "Micromono- 

apora and Nonr^li-x speoiot. Sono problems are poaod by the 

"ncrrtn/n idnnt If lorat. lor. rr^thods of Uioso ¿rroups of mlcro- 

or;;unism!». Nocurdin modi turrunol prmluoor of rifamycin 

L 
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was for a longtime supposed  to  bê a Streptomyoes  specie». 

Probably beoause of  the progress both in new techniques 

for collecting and processing noil and marine samples  for 

the  isolation of microorganisms,   and in more  sensitive 

technique for the detection of  their antibiotic activities, 

new antibiotios have been discovered in particular from 

species belong to  the Actinomyoetales other than Strepto- 

myoes. 

Microorganisms belonging to Actinomyoetales furnished 

the greatest part of antibiotics  in medical and non- 

medical use,   altogether about 70 of them are utilized 

today.  Despite  their deolining ratio,  Actinomyoetales 

still promise  to be  the richest  souroe of useful anti- 

biotios in the future.   In  the past  10 years,  alle new anti- 

biotios introduced in practice,   altogether 25, were 

furnished exclusively by etreptomyoetes,   exoept for 

fusidio acid. 

The antibiotios of fungal origin are frequently 

used in therapy.  Primarily Pénicillium and Aspergillus 

»nd some other species belonging to fungi imperfeotl 

were of great  practical value with respect   to  antibiotic 

production.   From antibiotics  of  fungal  origin up  to   197*» 

L 
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10 hnvo boon ronnicrr I ril 1 rod : bona y penicillin, penicillin V, 

penicillin 0, cephalosporin, grlseofulvin, fvunagillin, va- 

riotin, fusxdio acid, siccnnln, and xanthoc lllin. A» yet 

no new antibiotic» of fungal origin, comparable in import- 

ance to f>-lactam antibiotic», ha» been isolated. In 

human therapy of several infectious diseases the semisyn- 

thetic  ft -lactam antibiotics play now a very important 

role. 

Among Eubacterialos and to a smaller extent members 

of the order Pseudomonadales may be of importance as souroes 

of antibiotics. Within the Pseudomonadales, exclusively 

Pseudomonas s poolos, and within Eubacterialos only Bacillus 

apeóles, deserve attention. Up to now about 10 agents of 

bacterial origin have been introduced» Colistin, poly- 

myxins B and M, gramicidin, gramicidin S, tyrothrioin, 

bacitracin, and attorlmin from Bacillus species. Pyocyanin 

and pyrrolnitrin from Pseudomonas species, and finally 

nisln from other Eubacteriules. Except for pyrrolnitrin, 

all were discovered before 1950 (uerdy, 197*0. 

The systematic screening of a large number of straina 

belonging to Eubacterialos, Myxobacteriales, Mycoplasma- 

tales, as well as nbout 50 000 funfjnl species, neglectod 

up to now, and further screening of alga and llchones 

L 
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may load eventual l.y to Mio discovery of further new type« 

of antibiotics. 

At present the prospoot of achieving resulta in the 

field of semisynthetic antibiotics seems moro promising 

than in that natural ones. Research in the field of new 

penioillln and cephalosporin derivatives continues unabated 

and may rosult in the synthesis of further new pharmaceut- 

icals of improved properties. 

Isolation of microorganisms from the natural environ* 

ment is now a problem not as fundamental as it was several 

years ago, though search for new antibiotlo sources «till 

remaius important and purposeful. 

Much more attention la now paid to Improvements of 

the antibiotic yield, by the use of mutants and by making 

uae of the genetic recombination. 

Miuroorganisms with higher antibiotic yields are 

obtained first of all by induced mutations, and by making 

uae of hybridization and recombination in microorganisms. 

Mutation of a spocifio gone, whloh oocurs under 

life conditions normal for the or^nlsm, is referred to 

as spontaneous mutation. Tts froquenoy in bacteria is 

1 por IO  to 1 \>or   10   colls por genoration. In fungi 

the frequency of s poni ¡moou.y mn t;i limi« of tho individual 



- 9 - 

ffenes was shown to be of the order 1 per 10  to 1 per 10 

nuclei p«r  generation. 

Mut. tlon frequenoy oan e inorea*ed by treatment of 

the organism with various physical and ohemioal asenta. 

Anions strong mutagens can be mentioned ionizing radiation 

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

tion. Strong mutagenic Affects are also exerted by chemloal 

agents suoh as alkylating compounds, nitrous aoid, base 

analogues, and aoridine stains. 

X rays, UV light, and alkylating compounds (mainly 

nitrogen mustard and ethyleneimlne) are most frequently 

applied as mutagens in studies on potentiation of the 

antibiotic yield of actiuomyoetes, bacteria, and fungi. 

The effect of strong mutagens on  microorganiama i« 

déterminée largely by the activity of variou» repair 

system capable of acting on single strand gaps formed in 

the DNA either directly or indirectly. Two such systoras, 

exoision repair and poat-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 operate as a minor alternative 

pathway simultaneously with tho two major pathways. 

L 
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Ultraviolet find Ionizing nullatlcns, most alkylating 

agent s criu   nutations by ml sropair through this pathway. 

Some  .'ìroorganlsms do not posses» such an error- 

prone ropalr system and therefore b*î essentially Immu- 

table by these agents. Tn tboso organisms a mutagen must 

bo used thnt operates by n causing replication erróla 

rather than repair errors (llrldges, 1976). 

Hy combining mutagenic factors and applying selec- 

tion, the antibiotic yield of many strains has boon in- 

creased. However, it should bo emphoslT.od that changea 

leading to increased ylold of antibiotic producing strains 

Is a very slow and gradual process. Penici Illuni ehryso- 

genuin Thoin NIHIL 1951 is a well known example. All indus- 

trial strains of Pénicillium chrysogonum derive from the 

Wisconsin family, tho r< stills of vast imitation program 

performod at the Dotany Deportments of Wisconsin Univer- 

sity between 19'*6 and 1956, which gnvo at last a fivefold 

improvement xn   punici 1.1 in yield, Tho Pénicillium chryso- 

gonum NIHIL 1951 was a wild strain. Figuro 5 illustrates 

the genealogy of the "Wisconsin family",  X-Jirradiation 

of its nuturul variant NIHIL 1951 HP.', w'h increased yield 

gave variant X-IOI':. \'o\t, l'V ¡ n m! ¡ a ( ion (275 mit) r.^vo 

L 
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highly   productive Q-176   strain  which   was  Tor many yoT9 

used   in  the   production  of   penioillln.   A further mutant 

DL-D 0,   gav,>  about   2*5^  lower yiuld,   but was unt<igmentod 

and  produced  colorless   penicillin,   which was much  easier 

to   purify.   Selection  of   this  strain   a ça in  increased 

its  yield   (NRIU, ^8-701)f   und after  nitrogen mustard   was 

usad  a» mutagen   the high-yield  unplgmented  NHIÌL '»9-2105 

strain  was  obtained,   but   this mutant   produced   a  consider- 

able  amount  of   red-brown   pigment   which was  an   obstacle 

in   the   purification  procedure.   The   line of  strains   treated 

with   nitrogen mustard gave   the  unpigmented high yielding 

mutant  NRHL  51-20   (üaekus   and  Stauffer,   t955).   Single 

mutants  ot  Aspergillus  nidulands with   raised penicillin 

yields  were  isolated from   descendente  of   the Glasgow wild- 

type   strain NIHIL  19^  following ultraviolet  light  treat- 

ment.   Each mutation  was  mapped   to   its  chromosome by  para- 

sexual  haploidixation analysis   (McCully and Forbes,    I965). 

Improved  chlortetruoycline-producing strains  were 

obtained  in   Streptomycos   uuruofncJens  after   the   treatmont 

by X-rays,   U\'-rays  and other mutagens.   Ultrnviolot   treat- 

ment   sooins   to   givo   the  host  results   (Sormonti,    1968). 

L 
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Tocether with mutation, tho recombination process 

was basioal for obtaining mioroorganisms whose characters 

are important in antibiotic production. Recombination 

results in a combination of parental genes in the progeny. 

Crossing of strains with defined phenotypes, useful in a 

given system, leads to accumulation in one genotype as 

high a number of positive characters as possible. 

In eukaryotic organisms the occurrence of regular 

sexual oyole is a condition fundamental for reoombination. 

Nuolear fusion and gene segregation can, however, 

although only occasionally also take place in absence of 

sexual oyole, by means of processes which have been de- 

scribed as the "parasexual" cyole. In the pnrasexual oyole 

the same genetio phenomena occur as in the sexual oyole, 

namely, oomrlete nuclear fusion followed by ohromosome 

reassortment and crossing-over. However, these processes 

ooour In the somatic cells at a very low rate. This system 

is only available in the Pénicillium chrysogenura, Cephalo- 

sporium aoremonium and some strains of Aspergillus niger. 

The life cyole of all these fungi is predominantly haploid, 

with occasional heterokaryon formation at frequencies 

varying signifioantly between species. Prom these hetero- 

karyon occasional diploid nuoloi may be selected as first 

demonstrated by Ropor (1952), 
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Tile frequency  of  hotorokaryon  formation oan be   in- 

creased by applying  the  protoplast  fusion.  The latter 

makes  it  ai JO  possible   to obta. ^  interspecies   tybridiza- 

tion   (Anne et al.,   1976). 

Sinoe   the discovery of   the  para jexual cyole,   evmry 

attempts have been mado   to use  it  lor   th©  improvement  of 

the production of   penioillin.   In  Pénicillium ohrysogenura 

strains carrying spore  colour and auxotrophic markers  were 

used as parents  in which  single-step yiold increases  were 

induced by l/V.  The mutant» had yield  about   3000 U/ml. 

Strains  oarrying different  positive mutations were crossed 

in an attempt  to  obtain   segregante   carrying both mutations. 

Some  crosses  produced  segregante  with  significantly  in- 

creased yield.  The   offeots aro  promising  results for   the 

future application  of  rooonbin.ition   to   yield    mprovement 

(Ball,   1973,   lîopvood and Korriok,   1977). 

iieoomblnntion  is   oomrion among actinomycotes,   too. 

Transfornation and  transduction are  of   little importance 

in eleration of   the  antiblotio  yields   in  strains of   the 

genus   Streptomycos.   Major  part  of   genetic   studies   in   thie 

field  aro  based  on   the  conjugation   process,   Conjugation 

in aotlnomyoet.es  muy  load   to  hotorokaryon  formutlon 

(actinomycetos  OJO   tho   only  oxomplo   of   prokaryotLe  orgniiisms 
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in  which   this   |»lionomnii(Mi was  observnd),    to   recombination, 

or   to   piusmid   tmtifii'nr, 

In actinomyoetos  n cyclo  analogous   to   the  parasoxual 

cyclo   in fungi   occur».   A fundamental  difference,   however, 

consists   in   instability of   »lie  diploid   in   the heterozygous 

mycelium. 

The  conjugation  phenomenon was  observed  in  nctinomycea 

strains   that   produce  u number  of   practically  important   anti- 

biotics,   !)nfortunately,   it   remains hitherto  without   signific- 

ant  effect  on   tho  antibiotic  yield. 

Only  in   the  cas« of  ehlortetraoycline-producing 

Streptomycos   nureofaciens  and oxytetracycline-produeing 

Streptomycos   riraosus,   yiolds  higher by  5   to   20% were  found 

in   prototrophic   recombinants  obtained  by  conjugation  of 

auxotrophic  mutants  dlfforing  in   the  antibiotic  yield 

(Sermontl ,   1968). 

In actinomycetes  und bneturia,   moth od s  applied for 

genetic  improvement  of   tho   Industrial   strains  aro  based 

first  of  all   on  mutat tons   inducod  by  various  mutagenic 

agents.   Tho use  of  recombination   In   these microbial   groups 

is   limited   to   a  few  speclos  only.   This   process  js   of   im- 

portance  for   improving  the   nntiblotlc   yield  of   oukaryotlc 

organisms.   Muy   be   in  futuro   it  will  appear   to  bo  more 

appi iettilo. 
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Proper «torneo of th.- j-.'^uu-: li >n airnins 1* an essent- 

ial problem uuaooir. ..-..J -with tlio ib< cT i„i<jroorgiinisms for 

production of bi oi.o¿i.cuJ.ly nr.tlve oonr.-un'-  including anti- 

biotica. HigJ'-yluiu sciuiiiti, HIA„ t.i j «»aucAi./ outulned oy 

long and troubleau.  ..U:.J¡.oa, '.¡an tu  bo starto-ì under con- 

ditions the t  ir-'uervu  yt'.blilty of ci «ir properties. 

Many industrial microor^an sun degenerato or "run 

down" followi.i,; sue .ns »ivo vofjotativo transfers. Examples 

of this dejnncu ntion, t r. a«tt pre :;n -ably of the production 

of mutant p*rains nr   tho inieroorc ini -nu.i nro quite commonly 

encountored. .in ix   study Oi thi-, p'i.enonouon in Stroptomyce« 

grlseus wa-. found that dtirlnr, 1O0 jorial transfers of the 

organisms on yemt-giucoso ofr.T. tjier^ was a progressive 

"degeneratici!" of Mi'j s tròptoi ".y >to. A ui^nif leant decrease 

in antibiotic (* tropi ciuycin) production >•«.> quickly noticed. 

After 58 tri'.npf er; , tho oul^uroa ->ho voi doureised ability 

to sporule te, nr.d Mila wn  followed by tho appearance of 

mealy growth and l'JnnUy. tho complote loss of spore« 

producing ability. It vus, found, hov.ovor, that significant 

changes in corrala other biochomical activities of the 

stroptomyce tos, includine thu ability to produco vitamin 

Bl2, did not u;:coin;>aiiy this JOóS of antibiotic-producing 

ability. 
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There  aro  several   methods   available  for maintaining 

oui tures  of microorganisms.   The  aim of  all   those  method» 

is   store   the  organism  unaor   conditions   in  which   biological 

activity  is   roducnd   to   a  Minimum,   while  at   the   saino   time 

ensuring that   tho microorganism  remain alive.   Recently 

more  and moro frequently  the methods  of deep freezing of 

the  spore suspension   (-l86°C),   and storage  in  liquid nitrogen 

are  applied.  These methods have  been worked  out for fungi 

and  actinoraycotes   that   produce  spores.   Storage  period 

amounts   to  several  months. 

Tho mo^t  generally used method  today   is   lyophilisation 

or freeze drying.   Lyophilization  Involves  a   small  amount of 

microorganism  in a   vohxculuri,   usually  serum,   milk or sugar 

solution,   freo^.e drying  tjiis  under high  vacuum  and  finally 

sealing off also t.nd**r hi^h vacuum.   Lyophilization would 

appear  to be  tha method  of  choice,   particularly for main- 

taining large collections   of   cultures. 

A techniques which is very valuable in maintaining 

cultures of spore-forming fungi is to store organisms in 

•and or soil. 

For routino  laboratory use,   cultures  of microorganisms 

are  often maintained  in  opon  stock culture  on  solid media. 

The   culturos aro   stored  at  low  toinporatures   in  ordor  to 

L 
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avoid drying up to  tin a^ar and to restrict  the amount of 

miorobial growth. The cultura» need to be  transferred at 

regular intervale.  With aoma mi oroorgani ama,   f raquant 

transfar haa  bean shown  to  lead to a loaa of morphological 

oharaotarlatici»  and physiologioal properties.  On   the whole, 

thorefore,   thla  is not a method recommended,   especially for 

maintaining collections  of microorganisms.   It remains, 

nevertheless,   the only method for oartain groupa  of fungi, 

espeoially non-aporaforming mould and fungi. 

Many cases of phage  infection of  tha antibiotic * 

producing strains ara daaoribed in tha literatura. Thia 

•ay lead  to a  total destruction of  tha induetrial microbial 

ouitura,   thua  to  the production stop,  what results in 

larga economic  losses. 

The  Phenomenon of  lysis   \n aotlnonyoete <  -  the main 

antibiotic producers  - has  been known for a  long  time. 

Schatz and Vakaman  (19^5),   by their obsarvationa  on strepto- 

myoin-producing Streptomyooa griseus oulturea,  contributad 

to  the discovery of  the lytic faotor. Whan streptomycin 

production was     topped  in  191*? because of lyeie  of  the 

production atr    n mycelium,   tha factor inducing lysis was 

found to  show features of  a phage.  The term actinophage 

L 
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was proposed for phages acting on aottnomyoetes (fleilly 

and et al. , 19**?). 

At the same time mnny reporta appeared on the occur- 

rence of spcolfio virulent actlnophages during biosynthesis 

of other antibiotics. Actinophaftes were demonstrated to 

appear in the fermentation broth of chlortetracycline-pro- 

ducinft Streptomyoes auroofitcleno, rifamycln-producinc 

Nocardiu meditorranei, and novoblocIn-producing Strepto- 

mycins sphoroldes. Common occurrence of phar;e infections 

in tho industrial strains stimulated studies on tho 

causativa agents of those infoctlons and on their elimina- 

tion. 

Ac tinopharos able to infect industrially important 

culture a;'j ubiquitous; they  ny be found in soil, water, 

air, or tho microbial culture itself. 

Although }ihaftos are ^onorali y designated as lytic 

or tomperate, it must bo rnmombered tnat lytic phages 

isolated from tho soil muy ablo to lysotfonize appropriate 

recipients and that tomporalo pimpos aro virulont for 

numerous Indicator »trains. Moroovor, u tompnrutu pha(;e, 

through mutui Ion or rocoinbl n.i L ton , may y I old lytic 

variants. 

L 
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Tho probability nf pinico Infeoi ton oí" industrial 

au ti nom yon tes f ormnntiitJ on broth It higher, since 1ysogenic 

strains aro usod in wiiJ.< h plia^u unii».:tJ. >i« uccui o under 

the influence of various factor«, often unknown. Because 

of a widespread distribution of lysogony ornons aotinomyoetes 

(Rauten*teln, 1957; flradley, 1969), a sei oc lion of non- 

lyaogonlc strain for production is difficult, and sometimes 

impossible. Production nul tur o should bo routinely tested 

for phafjo, mid now substrains developed as needed by selec- 

tion. The infeotion intrht be duo to specific actinophages 

which get into the fermentors from outsido during the 

blosynthosis process. 

Methods aimed at pro toetion of thn fnrmontation broth 

against pha^e infpotlon consist in tho use of phngo-resistant 

strains, disinfection of the production area (natrium chlor- 

ate chloramino). An Important problem is sterility of the 

air acooasing the fermontors and fonaontntion broth. 

The success of the antibiotici Industry had a tre- 

mendous Impact on tho microbiological industrie« as a whole, 

First, it showed how co-ordinated offoort between micro- 

biologists, biochemists (jonoliilsts and biotochnologists 

can load to very rapid advances bnlnr; mudo in a vory short 

L 
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period of  time.   Secondly,   it  extended  the rani     of  in- 

dustrial microorganisms   to  includo  a hitherto  little known 

group of organisms,   the actinoinycetes.   Finali/,   it  led 

to   the  development  of a close  liason between   the  pharma- 

ceutical and microbiological  industries,   which has  since 

brought  other developments,   notably in   the use of micro- 

organisms  eg.   in  biosynthesis  of  compounds  with different 

biological  activities.     In this   search for new products 

in  the microbiological industries It has beoorae necessary 

to exploit  to  the full extent   the synthetic  capabilities 

of microorganisms. 
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Tabi» 1 

The quantity and value of »orne products produced 

by Industrial mioroorganisms 

Produot Quantity of a produot 
manufactured par annum Value in US $ 

Beer 

Vina and 
othor apiritls 

Dakar'a yeaet» 

Feeding yea«te 

Ci trio neid 

Antibiotioe 

Glutaminio aoid 

Corticosteroid« 

55o millions hi 

300 millions hi 

600 000 tons 

800 000 tons 

290 000 tons 
8 000 tons 

100 000 tons 

22.5 milliard« 

15.0 milliard« 

250 million« 

400 million« 

335 million« 

1.5 milliard« 

300 million« 

325 million« 

L 
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Tal. I o 

.Smuri   MUíiiiis   of   /JIMni.s   S I,i'optoüiyrns   produci uff 

nut ibi o tics   inn.st   of Ion   usnd   j.n   therapy 

S tropiomyoos   strain Antibiotics 

S.ffrlarug 

S.vonozuoJ ao* 

S. miroofnotons 

S.rimosu.M 

S. *»ry tarons 

S.nnribloticus 

S. narboonsla 

vnr,   jnsamyceticus 

S, ninbof act on.i 

S. flor Ulan ) 

S,vl.nuirou.i f 

S.orrli i dncmis 

S.ffari plia lus 

S. I nv tMuluino j 

S,noursoi 

S.liachl Joans lu 

S.aibo-ni ßor 

S.sphere Idos 

S, or i Pittai is 

S.kunumyco tJcus 

S.rimoaus 

of , pui'f iiiiomyc j nus 

S. prIM lincio  -   spiral íH 

S« lineo l natisi s 

vor. I ¿ncoinorisis   sp.n. 

S.cnproolus  sp.n. 

S.noUusus | 

s.Mp.  y, .'i575 [ 

S.cuospitosus 

Slraptoniycln,   Chromomycln  A 

Cl i .1 urani phon i co 1 * 

Cl i Jortotraoycllne, 

Totrucyo.lJ.no 

Oxytotruoyolino 

fCrytliromycin 

Olnamloinycin 

LoucomycJn 

(josamyoin) 

Spiramycin   (Rovaitiyoin) 

Vlomyclr» 

Cyolosorino 

Nystatin   (Fun/jicidin) 

Tri olioiiiycin 

Piiroiiiycin   ( Styloraycin ) 

Novobiocin 

Vancomycin 

Kan ni« yo In s 

Paromomycin  (Aminosidln, 

CatonuJ in,   Ilydroxymycln) 

Prist i naniycin 

ÌJÌ neomycin 

Ciproomyo In 

Amplio ter i oi n   lì 

M i l OHI ye i us 

L 
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Table 2 (continued) 

Stroptomyces   strain Antibiotics 

S.olivoreticuli 
S,ardus n.sp. 
S.verticillus 

S.peuoeticus 
S,coreuleorubidus 

S.tenebrarium 
Higgens  and Kästner 

Olivomycin 
Porfiromyoin 
Bleomycin 

Daunorubicin 

Tobramycin 
(Nebramyoin) 

* Produood mainly by chemloal synthesis 
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Ptg. 2.     Percentage distribution of antibiotics 
according to proaucer type of microorganisms (sérdy, 197*0 
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fin in, .r»;; i 

nitro 

finia, j'i".i-n;'5 
ti 

luv-i 

WIS,«iTO 
IÚV-1 

PV3-P-, l.g 

82-310 
S 

51-1113    63-533    82-88 
luv-i 

52-817 
inr-t 

83-17« 
juv-i 

53¿844 

82 

3r 

1087 51-20A 5lf20U 
Is Is 

51Í-20A2      51Í20D3 

5t-20r 
s 

P3 
s 

P3-54 

8313B9  53-414 

L 

,A: ,     c      Genealogy of  Pénicillium chryaogenum strains of the Wisconsin family, 
I' if' •   j • 

UV-1 - selection following: UV irradiation 2750 8,    UV-2 - selection 

following UV irradiation 2537 X,     S - selection without preceding 

nutation,    X - selection following X ray  lrradintion,    HM - selec- 

tion after nitrogen mustard  treatment 
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Ml'/rHonS      11SKI»      IN      K.'FFt.TlnM      OF      YIM.IMNfi      STRAIN'S 

FOU     THF      I'KOUncriON      OF      A\ I HI IOTI CS 

Microbiology  rind   pluiriiuinnu tiunl    Indu*try  i\r«   now 

facing a   task   to maximal ixe   the  antibiotic   yiold  of  mioro- 

organlsms,   because   of   continually   lncremlng  need  for  anti- 

biotics,   especially   thon»  applied   us   drug». 

The  highest   possibJe   antibiotic   yields   nan  be   accom- 

plished   in   practice  by  various  methods,   such   a*   the  use  of" 

precursors,   metabolic   inhibitors,   enzyme   at linuLutors ,   pre- 

cisely formulated   production  motila,   and   geriet i o   procedures 

(Berdy,   19/*»). 

Positive  results  of   sei oction   of  microorganisms   with 

high capability of   producing unti bio tic» wore  obtained 

particularly   by various  «enotlo methods.   Genetic  analysis 

•ay contribute   to   the elucidation   of   tho mechanisms  of   DNA 

modifications   at  molecular   level,   followed   by  pheuotypin 

manifestation.   As  a   consequenco,   by   selection  oí"  udtujuuto 

methods,   it   is   possible   to   control   In   purt   the  procos* 
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ni   microbial   vnrliiliM I ly   I..wat.I  <>n   lnrr»*H»e   In   the  nntl- 

blotlc   y laid. 

The knowlodgo  ol'   tin»  nnUblol le  syiillionls   procos» 

Is   still   too  little  n«i  for   the  roqu 1 romani m  ol    the con- 

temporary  industrial   geno Lies.   Ml .oroorgonl sms   thai   produce 

antibiotics  are   seldom  a moriol  for  gonetlo  research of 

gene-enzyme relation  or   ili«   regulation  of  biochemical   bio- 

synthesia   pnthwnya. 

The quality   to   produco an  antibiotic   is   widely di- 

stributed  in  naturo.   However,   major  part  of   the   antibiotics 

applied   in human  and  animal   therapy,   or used   as   tools  for 

metabolic  research  aro   produced  by microorganisms  of   the 

order  Actinomycetaios   and  Fubnotorialo»  and   by   fungi   be- 

longing   to   the   clans   Fungi   impericeli. 

Actinomycctos  ami  Fubaeterlao  ore  prokaryotic 

organisms,   while  fungi   represent   huouryota.   Those  two  groups 

differ fundamental i y  with rospect   to   the  structure of   their 

genotic  apparatus,   and   spoc.if.lcl ty  of  gonetlo   phonomena 

that occurs   in  a  gl von  group»   I«  dot orminoti   by   this fact. 

The deoxyribonuclol e   acid   IDNA)  of   pitcuryotoa   occurs   in 

several   separato   üliroiinmunin«   lo/;ol.lmr  wl Lli   m true turn 1   und 

regulatory   pro to In.«»   Hi I :« l.ono)«   • •i.mpi nx   uuclour-  division 
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»nt't-I i : » it I ».ins    ( in I I > i - > s    i'i|. I   HI • i • • . I .•< )   ••usuri'    Mm    •• vu   I    |«n r» t I t I on« 

I iifj   of   i;i'iii"i    li»   «li'M. -li i <• r   uni'I i-      nuil   prof.i'tiyì     -ml    I.ho   chromo» 

nomc»   aro   rol,nlro><1    In   tin»   -J í «•••rr«l.o   in,", Inn   of    Hi*»   on 11    by   a 

niul«nr  membrane.   Tin«   fiiroiii'iNfiiuo   ot    |>r •'< a t yn I ox ,   on   tho 

other   hand,    I-*   M    HIII/;IH   <• i v   ular   UNA   mnlcnulü   w i Mi   few,    If 

any,    protein  nnhirulr«   |>or'iuiin«n tly  asiool «tt od   with   It,   «nil 

th«r*   I«   no   nuclear  mnmlirarit',   Proeuryotoa   po*a©a»  pi a.imida   - 

circular  UNA molecule«   t'onn I derubi y   amo 11er   than   th*   ohroino- 

•one   und reprobantiri# ffonoa   dtspenaubie,   »t   lonat  under 

«certain  condition.«   to   the  organism  currying   thorn.   Such  tfonoa 

determina  chnractor»   -   «e*,   antibiotic   production or   re- 

« lutano«,   pathogenic! ty  etc.   Plasmid«   aro   corri ed  by  only  ti 

proportion  of   population« moinbera.   In   FHjearyotes  (fonotic 

raaenrch  depend»   on   snunl   reproduction,    Involving fu« I on 

of haploid  nuolol   und   their  formation  ARO in  by  reduction  in 

molonia,   Tn  sonn   fun;;!   parasnxual   phrnonotm occur oonw I »tin;; 

in  somatic  recombination without   «oxual   reproduction,    it   i a 

the  oniy  aya torn   nvnl. lahl»   In   tlm   tmpcrfent   funeri   (Ponia- 

oorvo   and   Sormonti,    1'>?'»)• 

On   tho   other band,   in   procaryotos  occur  aevoruJ   pro- 

oeaaos   transforma ti on,    trmuuiucl Ion,   and   conjugation,   with 

L 
the   «amo   ftoiiotic   tnii-n'inifiiro.s   ;is   MOKUHI    reproduction   -   tho 
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ri-i'itMi'M    Ol     i»ru    . -•%••»*. t i! i '   i i"i    -I     /vu-     -    I'"1     «" ' '• '"»'' '"' 

m:trk*>(| I y   funi   • i . 

Af'l<T   Mi»'   i1)n.:ov«Tv   "I    »niihi'itics   an   naturai   produi't«, 

un   eittMiaLv*   i«A|ilinult..n   <•!    intuiti!   inibì Lut.«»    iinninly   «oil) 

la   search   oí    now   producing   «tir.tin*   hau   «tailed. 

Isolation   ol   m I < ro.»rifinì Min«   i rom   the   natural   environ« 

mont   is   now  a   prob I am   not   as   rundiimi'iilnl  as   It   was   «overal 

year»  ago,   though   search   Tor  new  antibiotic   •ource»   stiJ 1 

remains   importunt  und     purpo.«»*3ful. 

Much more  attention   is  now   paid   to   improvements  of   the 

antibiotio   yield,   by   the  use of  mutants and   by  isukJng us«  of 

the recombination  variability. 

Attempts   at   Increasing  the   yield  by  flenetlo   procedure« 

were unexpo   todly  successful.   5   udles  on  I'enlc   Ilium  strains, 

carried  out   by   Allkhanlan   (19<»2)  lor   ov«r   12   years   ,   nrnde 

it   possible   to   clorate   the   yi*ld  from  about   ÜO   to   ubout 

8000  ptniclUln  units   per  iiiJ .   llarkus   and  Stauffer   Q 195% ) 

wore  able   to   Intro«»«   the   yield   of   l'en ici 11 tum   rhrysoßonum 

strain  from  solue     loo   to   some   2<>oo   penicillin   units   per 

ml.   Avara««   yields   of   Pénicillium  chrysoffenuM   strains   now 

used  for   benzyl    P"ii I o i I I i n   profilici ion  aro  «>f    the   ordor  of 

several   thousands   „nils    p, r  ml.    A"    i ••   <"o   caso   with   pom- 
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cJJ.lin «tnrko<Hy cleviiu»! yiojds witro nino obtnlnod fcr strain» 

producing stroptoiityiin, chi ortotrnoycl in*, oxytotraeycl ino , 

and erythromycin. Tho incruaso In yioid» of so«« antibiotic« 

in recent your» is Illustrated by «lata in Table I. 

Microorganisms with hicher antibiotic yields are 

obtained first of all by induced mutations, and by making 

uaa of hybridiaation and recombination in both prokaryotic 

and oukaryotiu organisais. 

Mutations emerge most frequently by itene ohange into 

its now allele («ene mutation), by modification of the chromo- 

aoeje «truetur« (ohrosjosoa« «trueture nutation), or by modifi- 

cation of the chromosome number (chromosome number muta»* «i). 

Nutation« are expressed as phenolypic offoots in prokaryotic 

and haploid organisms. In diploid organisms the modified 

gene in the majority of caaes ia recessive against noumodlf- 

ied allele, and mutation can be expressed Just in the next 

generations. 

Gene mutation consists in a modification of the nucleo- 

tide aequence in a Riven rr^no, thus it occurs at DNA structure 

level. In a mochan i «in callod transition one purine baso 1« 

replaced by nnotlmr, or a py rim Id I no bus© is roplaceu oy 

another. Substitution of purtno by p> rimiti ino butt i« roforro«! 



- 34 - 

to as trunavarslon. Deletion tir Insertion of a singt« or anata 

nucleotide pairs »re «Jan pomi   ble. 

DNA «truc turn l changea reault I tit 

1. Mutation« of aenae change type - oodon for a »Ivon «JW i no- 

to id la replaced by another oodon for anothar aminoaoJd, 

In tha polypeptide thwe foraiad a giran aaiinoacid may rlr»n- 

ge ita poaltion. 

a. Nutation« of nonsenee typa - oodon for an amlnoacid ia 

raplaoad by a nonaanaa oodon. Tha polypeptide chain thua 

formed will be «bortar. 

3« Translation phaaa changa nutatlona, conaiating in abnormal 

translation froai tha Mutation point.In tha paptIda thus 

formad aminoaoida ara incorporated improperly. 

Nut tiona ara random it oharaoter, wha mean« that 

it oannot be anticipated which gen* and In what dlreoUon 

will undergo mutation in a given miorobial call population. 

Beeide gane eutation«, thera are alao ohromoaome 

structural mutations, whoee meohanlsm may be deficiency of 

a ohromoaome fragment, Integration of an additional homolng- 

oua ohromoaome frft(?mnnfc (duplication), translocation of n 

fragment within « Chromosom«, or Invoralon by 1 bo  of a 

ohromo e Omo f rn(,m out. 

L 
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MM lut I un   cil'   H   M|'.'( i i  11-   (,<>IH-,   whli-li   «n'eues   untlwr   Hf* 

coutil I i un.*-    iioim.il    im    i hu   iii'iîi.il-n,   or   rcOn «1   ti»   as   •MUí • 

'l 
tuneou*   invi lut J nu.    Itn   I ri'<|tiMucy    in   lm< turlu    in   1    per    10      11» 

1    por   tU        cell«   |>nr    ^tmera 11 on.    In   funifl    the   fie<|upncy   <•( 

• pontunanu«   mu tu11 uni   of   the  individual  genos  was   shown   to 

be  of   the  order   I   per   10     to   I   por   10     nue J ei   per   ftenei o t i <<n , 

Mutation  frequency   can  be   Increased   by   treatment  «•! 

th«  organlem  with   vuriim»   physical   and   chomtcul   i^enti, 

Among  strong mutagens   can  be  mentioned   ionizing  radiation 

(X  raya,   neutroni,   gamma and  beta  part idea) «ml  (JV   rail I a t ton. 

Strong mutagenic  effects  are also  exerted   by chemical   i«t?<Atite 

auch a« alkylating compounds,   nitrous   aoidt   base   analogues, 

and  acridine   stains. 

X r**ys,   t)V   lif?ht,   and  alkylating compound«!   (mainly 

nitrogen mua tard)  and  ethylenelmirts  are moat  froquont.lv 

applied as  sutucens   Is   «lud loa   on  potentiation  of   the antl- 

'       biotio  yield  of   actinomyee tea,   bacteria,   and  futili. 

Mutagenic  effect   of   X  rt»y«  first  of   ali  consists   In 

inducing multiplo   Ionizations  upon  ponotratIon  of   the  cyto- 

plasm.   The   emerging  inns,   in  conduction with o*yf»en,   gi ve 

rimm   to highly r«»i»ctive froe  orditoio   rudicals which   Induco 

mutations   by  acting  on   DNA   or  (-hrofiiosomes.    Indirect   «/'feci 
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of X rays is more nsnottt.lal in Inducing mutation than direct 

•otion on DN\. Biological effect of X rays is rommonly 

measured in terms of ionization units named roentgens (R). 

Mutation frequency is related to the number of R absorbed. 

Mutagenic effect of X rays is higher in oxygen - containing 

atmosphere, and inoreases as oxygen oontents in the environ- 

ment Increase. According to many authors, mutants with many 

times higher antibiotic yield can be obtained using doses 

from 200 000 to 640 OOO R, various Irradiation doses being 

optimal for various mioroorganisms. The mutation index is 

highest when doses are applied induolng cell death in 70 - 

90 percent. 

Clear mutagenic effect is exerted by UV light, espe- 

cially at 253,7 nm wavelenght. lue curve of mutagenicity to 

wavelength relation fi'- perfectly the curve of UV absorp- 

tion by DNA. It can be inferred, therefore, that mutagenic 

and lethal effects are due to direct UV absorption by purine 

and pyrimidine bases. ,TV - induced reactions in the irrad- 

iated oella are complex, sinoe the radiation is absorbed not 

only by DNA but also by RNA, proteins, and free purines and 

pyrimidines. The mechanism of UV lethal and mutagenic effeoti 

oonsists in inducine ilio formation of thymine, cytosine, 

L 
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and oytosine-thymine rilmnri. Thymi no dimers urn formed 

Most frequontly . 

Kxposure to ultra-violet ray* (l'v) 

Various typed of lamps emitting; ultra-violet ray« of 

2537 * wavo-lenght can be used for Irradiation. The aost 

oonmonly used 1» the «General El«etrio Dermlcidal Lamp - 

15 watt**. With a distance of 60 om between the Irradiated 

object and the source of Irradiation (the above-mentioned 

type of lamp), the Intensity of Irradiation amount« to <6 

erg/seo/mm ; other authors caloulate that at a distance of 

U3.72 o« (18 Inches), the intensity of Irradiation is 

20 •rg/mmo/vm   . 

Por this type of work the »Philips" Ï7k\1  P/30 TUV 

30 V germicidal lamp with quarte fil tor oan also be used. 

The intensity of emission of ultra-violet rays for the 

latter lamp at a distance of 60 om is '40 erg/seo/mm . 

The intensity of irradiation is in direct proportion 

to the duration and in reverse proportion to the seoond 

power of distanoe. The duration of Irradiation may vary 

from 1 seoond to 1 hour and the distanoe from 5 om to 1**0 cm. 

The doses most fr«qw»iitly uaod in irradiatine Actinomyces 

2 
spores ratino from 2000  to   10 ooo wr./n»»   . 



1 rrnd I a i i on   !•   In ut   jx-rf orm^d   in   a   dnrkfoom,    In   order 

to   avoid   i  •iictivnl ii'ti   by   vlili ¡p    I i /:h t. 

Fiel or«   starting    lrn.illHl.lon   with   u I trn-vl nlet   my»   « 

ourvfl   should   ho   drawn   mit   dppliitliid   the   »urvJvnl    ratio   of 

the  defined  tnl oroorfran í .im  mid  (jlveii   lamp. 

The   suspension   of   Actinomyces   «poros   should   be   prepar- 

ed   immediately  bolorr    I rrnd i » 11 on .   Storage   of   spores   is   per- 

missible  only   for  hours   »t   k°C.   Three   to   four hour   inoubatinn 

of   spores  before   Irradiation   non* 1 durably   Increases   their 

sensitivity   to  ultra-vlolot   rays. 

The  groatest  number  of  mutants   is  most  frequently 

obtained  by   lethal   or   almost   lethal   doses   of  ultraviolet 

rays.   Various  mutants  may  «how  changed  morpho1offion]   and 

physiolofÇi-cal   feature*   and  ma/  produce   lews,   the   same   amount, 

or  mor«   antibiotic  HM   compared   to   tho   initial   strains. 

Irradiated   spores   do   not  prow  simultaneously  and   often   show 

delayed  growth. 

In   order   to  oh t HUí   S poro S   for   irradiation,   u  mature 

culturo   of   a   strain   on   obliquo   ii^nr   should   be  washed   off 

by  a   sterile   solution   of   physiological    .saline   (it  minority 

of   authors   rotvimiiionds   disti Mod   w.itor).    In   order    Lo   obtain 

separalo   spores,    the   .sn:sji<fi--1 "n   --.hould   ho   sliii'ten   to<".e I IUT 

w i Ih   « tor i I c   NI'I la-.,    in- !!>•! -, 'O   fi i nu '. i  :..thi 
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filtered  six  tiae-,   tiiro«s¡i   cot lot*  *nd  oenlrlfutfed.   N**t, 

the. donai r- of flitted  »pore»-   »houiC  b- «^^r.ú toy the 

turbidimetri« «U^!  or o.,unt«A   !„  « lfcoma-:ieJ.es o«»w» awT 

diluted In r^y^iclotùcai   wJW  *oiuiAou in *twi* & marnar ft» 

to obtain fro« k x   106   t,>  2  x  to8 «porr.« pup  i   BJ.  (various 

researches  ßive different dcnultl«»). 

The  ausponalon of *p-w  ot known d*n*tty is poured 

into flat,   circuit oontM.n*rr. r.a¿« of fflftsn p*w*trâbl« try 

ultra-violet ray»   (quart« or siîicoto tf.lesr,  for example), 

in tho amount of,   to- exanple,   15 wi «* eu«p«»i«io«  into * 

10O «1 container.   Durin* irradiation  tw* oo»t*ihor rotate» 

at a rate of  ?30 revolution« pw ;iim*t«,   iß ord*r  to  »«our* 

uniform exposure  to ultra-violot ray*.  A to ow Petri plat* 

may also    e «sed,   into vhi"h   10-55 nl of  *um*»»ion is 

poured  (tho waprrwion of   i^rt«   flhouid fee approximately 

2 mm high).  During irradle tic»  the  p*«t* 1* op«n«d and tit« 

•pores are  put  in -sotion by mo*n» *f  « ««-en»«-*« mixer.   At 

certain defined intervalo,   part, of   the material «Miy be 

taken for examination darin.- tiio  process of  irradiation. 

The   irradiated suspension  of   «pores   1«»   iKwaedi&toly 

«own  on rotri  platos  with  the  rip"«-   «ear mvtllu»,   0.1   ta 0.2 

ml   por  plate   *pr<»ri(!   dv-yr   tiio   <nu-i'ace  wi tit  «   /•;!••»«»  rod. 

L 
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Other authors <1L.:u¿.« (ho su'H'onn I on of spores b»*roro «owJntf 

by menus ol pliy.s ¡ o i o<:l i;n 1 sis ! ino solution to « level of 

')0-'»00 spores por ml. 

Irradiation of spores ;.iny also be oarried out on the 

agnr ourfnoo in the PotrJ plate, In order to do this, Petri 

pie too with the ric^t nudiur.1 for the Irradiated strain are 

prepared. After 2-3 dayo the slightly dried-up platea are 

inoculated with a defined amount of suspension of measured 

density (usually 0.1-0.?. ml of suspension with a density 

of 250-1250 sporocs per nl). It io advisable to keep the 

plates in autocsntio motion during irradiation. Open plates 

aro irradiated. 

The platea with irradiated spores are incubated in a 

thermostat at 28°C for 5-8 days end the colonies that grow 

are subjeoted to examination. 

Because of the fr.ot that result« are frequently reported 

in the li tor* turo Kith c'«ff cr-nt units for light intensity 

the following convcrnion faotors may be found useful! 

1 calorie = ^.135 joules 

7 
1 Joule  a 10 ergs 

1  watt s   1Í>   yuvatta  =   1   Joule/seo.  m  10'   er ge/sec, 

1 *""*»» =   A (iny) X 1°        °al- S ^inm/u) " 

-12 s  x   10 ergs. 
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— 12 At A   m  253.7 m AI,     1  quantum =  7.8 x  10 ergs. 

Por a G30T8 germicidal  lamp,   the  effeotive    mit tins lenght 

of which  i»   81   cm,   and  the  oiroumferenoe 8 on,   the   total ultra- 

2 
violet  emission is    about  7 watts,   or  10.801 Aiwatta/c«    at   the 

2 
surface,   or   108,000 ergs/cm /seo.   Sinoe most of   this   is  at 

1 2 
253.7 MAI,   the emission at   the  surface is   108.000  x   (10     ) 

7.8/quanta/cra2/8ec.  =  1 ,k  x  10       quanta/om2/seo.   at   253.7 •/>. 

Alkylating compounds, such as nitrogen mustard, diethyl 

sulfonate, or ethylmethyl sulfonate, are mut agen i o by aoting 

of the reactive alkyl groups on guanine of  the nuoleio adds. 

Methyl, ethyl, or a larger group is introduoed into posi- 

tion 7 of the guanine ring, what is followed by disruption of 

the glycoside linkage between guanine and pentose, and this 

•ay lead tc depurinization of 'te DNA molecul' , Alkylating 

ooapounds that possess more than one functional groups may 

rsaot with guanines in two complementary DNA strande, thus 

forming cross linkages. 

Seleotion be msans of nitrogen mustard (triohlortriethylamine) 

1, Preparation of nitrogen mustard solution« Molecular weight 

of nitrogen mustard a   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. 

L 



in  ordtvr   to  obtain  0.5   M  solution  of   nitrogen mustard 

it   is  necessary   to  w*»lf;h  0.66  r.  of   substance   and  dissolvo 

It  in   10  mi    of  w«it,nr. 

Cautiont tho solution retains its effeotivenes« only 

for 20 min. 

2,   Preparation   of  suspension  of  spores: 

10 ml   of   disti.lied  water   Is  poured   into   a   test-tube 

containing  a  well-sporulnting culture  of   the   examined 

strain.   It   is   then   shnknn.   The  suspension  obtained   In 

such a manner  is  filtered  in sterile   condition»   through 

cotton-wool   in order   to   obtain  single   spore».   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. 

3.   Procedure i 

L 

5 ml   suspension  of   spores  should be  added   to  5 nil  of 

nitrogen  mustard  solution,   thus  obtaining  500.000  spores 

la 0.25  M   solution  oi    nitrogen mustard.   From  solutions 

obtained   in   such a manner  samples  of   1   ml   should  be   taken 

after  5,    10,    15  and  20 minutes.  The  obtained  samples 

(l   ml   each)   should   be   diluted decimally   i.e.   to   1   ml  of 

samples   ono   should  add   9  ml   of  distilled  water,   well  mixed 

in  order   to   remo.o   the   remains  of   til -rocen   mustard  und 



-43 - 

L 

•own on plat«« with «portila ting ««diu«. Ih« plat«« ahould 

b« inoubat«d at 28° C for 10 day«. 

At th« *aa« ti««,  an adequately dilatad control auefwn- 

«lon of «por««  (containing 500.000 «por«« par al) ahould 

b« «own in ord«r to oaloulat« th« daath rat« and oba«rv« 

aorphologieal changea taking plao« in «por«a expoeed to 

th« lnflu«no« of ni trojan nuatard. 

Ghaaiioal oonpound ua«d v«ry oft«n for  th« a«l«otion of antibio- 

tio produoing aotlno«yo«t«a baaidaa nitrogen nu« tard i« a thy Ian« 

•lain«. Ethyl«n«i«in« r«aota r«adily with oarboxyl and hydroxy 1 

group««  and with H2S. 

Ethylanainina «olutiona in di«tillad wat«r of oonoantra- 

tion 113000 and 116OOO aftar 2*i-*8 hour« oauaad narked «or* 

phologio variation. Solutlona oaueing about 99* l«thality ara 

ua«d for ««lectin« high-yi«ld «train«. 

So«« author« bava observed that «thylanaiaina give a a 

bi«b«r «utatlon rat« than UV or X ray«, lb« b«at «utaganio 

affaot wae obtained with high oono«n trat ion« of «thylanaiaina 

aoting tor a abort ti««. Th« l«thal «ff«ot wa« «iallar undar 

Tarlou« oondition«. 

In aquoou« «olutiona ethyleneiain« binda aol«oul«a of 

water giving «thanolamine, which oxerta  a lathal «ffeot äqual 

to that of «thyloneimine, without giving a mutagenic «ffeot. 
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Supposedly,  after locgor exposure in solution« of  low con- 

centration,   the strong lethal effeot and weak Mutagenic 

affeot aro r loted to  the   tranef  rmation of ethyleneisiine 

Into othcnolcuaina. 

Studies on the foute^enio properties of ethyleneisiine on 

Gotinomyoote strains havo  shown  that the Máximas of variants 

with hlph activity is obtained after shorter exposure to 

othyleneiniino.   Selection by ne an s of ethyleneisiine followed 

by oor*bined exposure  to ethyleneisiine and UV yielded a stable 

variant with nearly twofold higher aotivity than  ih« parent 

•train. 

The effect of  strong mutagens on nioroorganisae  is de- 

teraiR3d vory largely by  the aotivity of various repair 

syotera oapnble of aotinp on single strand gaps formed ID the 

DNA either dxreotly or  indtroetly. Two suoh  systems,   ex- 

cision rnpiir ru?d pont-roplicetion repair,  and  their effects 

ero deaerili"*1, on the ban i s  of fork with baoteria.   A third 

ayotea of lnr^oly rnlmown neohanisa is error-prone  and 

nppears  to operate AS a ninor alternative pathway  eisraltan- 

ccTialy with tho two major pathways. Ultraviolet and ionising 

radintiono,  ixoit nlhylctln? adonta oauae Mutations  by siis- 

rapiir throucii thin pathway. 

L 



- 45 - 

SOM« Microorganisms do not  potassa suoh an error-prone 

repair ay«tern aud  tk^rafore b«  eaeentifilly immutable by thaaa 

agents.  Ih  4\i»  organisms a biut   fan must ba uà' 1  that oparataa 

by a causine? roplioa*;lon errori rather  than repair arrora 

(Bridgea,   1970. 

Selective methods for  tha  iaolaiion of rnatanta ara baaed 

on differences  between tho growth ratea of  tha required 

mutants and  their parent strain.  Tha simpleet aiathod of all, 

ia  to  teat  a very large musbor of independent  olonea with 

tha hope of finding at laat  one whioh ahowa  «one  improvement 

ovar the paront  atrain.  Screening in this way ia a time- 

honoured method and without doubt has yielded atraina of con- 

siderable  importance for produotion prooeaaaa.   It may be the 

only possible method for selecting useful varianti of aome 

of  the indu   crially important m  oroorganiame. 

A positive  ne Lection,  nsthod,  using media whioh reatrlot 

the growth of  the parent strain and allow the growth of 

particular olnsses of mutants,   la probably the beat method 

of all. Examples will be dieousaed of various way a in whioh 

the aenaitivity of cultures  to par ti oui. ir metabolio analogue e 

may be erthanoer"  by varying the growth medium or  the growth 

condition of  tho  inoculum   i Clarke,   ^976). 

L 



Sono mutant«   (rosi«tant  mutants)  are  able   to   growth  on 

modi a  supplemented  by  a  drug  or   toxic  agent   in  condition« 

preventing growth  oí    the  wild  monatti va  oeils.   The   gradient 

plato method was  dova Lopad  by  Szybalaki   (1952)  for   isolating 

mutants   resistant   to   a  given  antibiotic   Two  slanted   layers 

of  agar  are poured out  on  a plate,   one of  the«  containing 

the  antibiotic.  The  concentration of   the  antibiotic   is   in- 

versely  proportional   to   the   thickness  of   the upper   layer of 

agar.  The  microorganisms  are  Inoculated on  the  plate,   and   the 

concentration at  which   their growth  is   inhibited  is  noted. 

Highly resistant microorganisms  can  be  Isolated  in   the  zones 

containing a high  concentration of   the antibiotic. 

Selection method which  can  identify   individual  mutant 

colonies  by biochemical reaction which are not  given by 

perent   strain nre  very useful   too   (Clarke,   1976). 

Nutritional mutants   (auxotrophe)  are   the moat  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 mothods  for  Isolating auxotrophe  have 

been elaborated: 

L 
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1, Total isolation,  developed by Beadle and Tatui C'tfUr/, 

±m baood on the known faot that wild typo ooitonüee g»«i? 

on ©capiate ae voll ao nininal nodiun beoau«* «ley no«« 

••as tho capability of eyntheeising all the alealoal a«>. 

pound«  thoy nood.  On tho othor hand,  anso trotta nmtuutA» 

grow only on oonplotc «odiva.  In thi« notbod, «no trva<tia«~ 

od euepeneion of  aporee ia inooulatad flrat #ii «<n«ni«t« 

•edina,  and thon suboulturod on nininal aediwu Mlortr- 

organism« whioh grow on oonploto nodiun but n»* on lainAaaJt 

aediua aro regarded aa dof ootivo (auxotrophic)!' wntnatui and 

aro examined on enriched «odia. 

t,  Dolayod onrlohnont nothod,  developed by Lednifeewg and 

Tatua (I9d6) dotoota defectivo mutant« by pwtitallv a&iatiu- 

ating prototropha. Tho irradiated nioroorganim*» urti *•»- 

ooulatcd    n a nininal medlua  m whioh only r -i^tu?opha 

grow. After making a note of  the oolonieo,  nut after t* 

fixed interval,  complete nediua ia added to W« eau« nía te, 

•emitting auxotropha to grow. 

).  Penioi11in nethod,  developed by Davi«  (19^9).  1» *!»* 

baeed on elinination of prototropha. The ausj)enwl«n or 

microorganism»,   after bein#; aoted on by a muait«nnl«  ffoctor, 

ia inoculated on nininal medium containing 3IU xiniti/i/ml 

oCxpbnicillln.   Since  only prototropha «rou «»  >uL<i.i>ittil 

L 



r.adiur:,   :.nd  pjnioiJlit: inhibifcc  rcâirctîiiotion of  oelle 

during e-'owth,   tl-5 ?..-•:»i.o';.ro:-:i.j  r.ro ol.lninnted.  Other antl- 

biotioa  beaidoo  penicillin  cai:   bo «sod. 

•'>.   Filtration ;-ot*:«-<l.      '>r     r-.^nrro  tí>  n nut agen lo factor, 

aporco ero inoovlatc-i ci li^uir* nir.i.r-al ciedlua and incu- 

bated until  s vili*-typ:? iivw'in «íovjlopo.  The whole la   then 

filtered  th :ov.£t :r;jr vMc'.i  fcr-.tiroita  only  apores.   It  la 

aaounod  tl-.ct  nly pr*»t'^iTO:'.•»  C^o*' *•" ninitral isadiua and 

regain on  il-.o fUtrr,  vlv'.lc  cp-roa  o.*." rutante paae  to  the 

filtrato.  The filtrat'   i.-»   i'ien  .'nooulcite! on oomplete 

mediun,   on \ *iich   lun    -'f-.*-V-,   ''ov^op, 

3,   "IKplioa piatii.7"  r:"*.:^.;   «iimlopw! for baotoria  (Lederber«; 

rnd  ^fítíorb^r-,   ¡?;°-),   '-   """-' "3~>  rnnliod  to  atreptoayoetee 

and fun?! ijlvVrp c  - l1. celor.ic.»j#  "C?* oolonlos of  the proto- 

trophic  firrin t'v:-.1.T,> on  -:. o-.:. VL o Vj i.":!i:n Rnd  then  the open 

dleh ia  tJ -no'*, nv- • ~\'.r.  f   ijtf.'ilo "clvot pad held in place 

by a Br~oi.nl  onp•••••vi.f•,  -    p fM.-"'  :'«.*",  *:-5 r:?»o9sid more or 

laeo accor¿*.r.7 'n  t':-  ,~-'-oi'-»oi  'itvUy jontly for bacteria 

rnd could"*,   n^C 'vnvd T'; •  rtroní-nyo-it?»,   IOaoh oolony leaves 

a print m  •!•;> v^lvi ,-c:-riror-ilníí to its poaition in  the 

dinh.   A f i.r't or  rtrrilo  -ii;ii- >J   rrir ir   then preaaed down 

t+\Q volv-it   "-''..  TI:-..  '"...n  of   co'-pleto  ur.Uivn with   the  00- 

lor.icí;   l.ñ   tlior   pi   - n    'i J    ••>"r!(;nrr.i.or,   ¡ind   that   of   tho 

L 
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Mialaal medium with  tli«  printed   La  put  in  th«  i;teub*lar„ 

After a dmy, or  two   A  mou 11  arn«i  of   «r<n*t,].i  will' dwalup on 

«ha miniami  atodltua in  con*<»iiiocd«noo  wifth   v*»a  print- of 

each, colony.  Only  th«  print«  of   the  auxot^uphle  no Lonlw.» 

»1X1  mot  develop«  further,   iiy  oompartn« th» di ah  ut'  enav 

plata aedlu» with  rep.ilo» on  th« mlniaul  a-adiuav  it   la 

poertlbl«  to  tooro   th«  coloni«« which ha*u not ranHu-MWU», 

Thee«  ax-«  th« presumed  auxotroph«. 

By  combining nra tapini a factor« end apply un« * a It w ti on,, 

th» antibiotic yield  of m.*ny  »train« tea«  I»««»  lncraaead. 

ftow«rv»r,   it whould  b« emphaeixe<t   that  varita i tm  leading  to 

imireaaod yield of  eutlhiotio  pr>odu«inr »tj.min«  1»  a  vary 

•loa and «radual  procana.   Variation of   the  i?«*nicilliuin chny- 

•ocenurt Ilio» NKPL  t 951   is  an »xruople.   All  indu» trial,  a train» 

of  Fanidlliu» obrysogenwn deriva fro»  the  Wi»cun»iD  fauily „ 

th.« reault»  of fast tmtatlon program at.   the  Rotauy  Depart- 

aura«»  of Wi»con«in University botwnen   19*40   »nd   195<»,   which 

ajawa at  laat of fivefold  Improvomcnt  in penicillin  titer» 

Th« P«niaUliua chryeugenun JJRIU,  1951   waa a wxld  ¿crain. 

Tita flffur»  1   illuatrataf.   the  «eneal orr/ of   Pania ¿Ilium. nliry*r<- 

¿penum   strivin  of   "Wisconsin   family",   X -:l.cr¡irti ai:if>»i  <vi    it» 

natural   -variant .ViUiL   1.:)r. 1    i',2'j   with    Incrci^od   y ir.« la   flave 
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variant X-1612.   finiti,   UV   Irradiation   (<ír>7  nm)  r.nvn highly 

productive  Q-176   »traiti  which  was  for irmny  years   In   the 

producilo     of   poril.ct.Jl.iri.   A  1   irthor mutimi   I   'al,10«   K'<Vfl 

•bout   2yft   lower   yield,   bul   was   unplgmonted   ami   produced 

colorless   penici ti In,   which  was   muoh  easier   lo   purlflty. 

Selection   of   this   strain  again   lncronsed   lis  yield   (NMIt)« 

^8-70l),   and  after nitrogen  runs tard was used  as   mu lagon 

the high-yield unplgmented  NIHIL  1*9-2105  strain   was  obtained, 

but   this  mutant   produced  a  considerable amount   of  red-brown 

pignent  which was  an  obstacle   in   tho  purification of   ponl- 

oilllu.   The   table  2   Illustrates   the  corrélation  holweon 

morphological   charoctors  and  yield  of penicillin   in strains 

used  in  pente LI lin  production.   Tho   line of   strains   treated 

with  nitrogen mustard   gnvo   tho  unplfomented  NIIIU.   «51-20 

strain with hIgli  yield  of   penicillin,   »election   of  which 

gave  strains  with high  but  uns tabi Uxori yields   (llackus  and 

Stauffer,    1955).   Singlo mutants   of   Aspergillus   nidulans with 

raised  penici. I Lin  yields  were   fsolntori from dori vat I vos of 

the Glasgow wild-typo   strain   NfiliL   10'l  following  ultraviolet 

light   trnalmont.   Kach  mutali on   was  mappod   to   its   chromosome 

by   pnrasoxual   hapl o I d 1 TU lion   analysis   (Mi Cully   nml   Korbos , 

19<i«0. 

Hot tor   ch I «»ft <• 1 r.K y ' ! i t¡--- |ti-ii(l<ii'; tir   stiiin..   »v < • 1 • • '   obtained 

I n   Ml IM ¡il <•• > -    • <      .   :   '    1     1 '       : . •   , ; • /    ;,.    \ _,   M 
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UV-rays,   or oilmr  mut aporia.   Ultraviolet   treatment  seems 

to  give   the  best   rosuli»   (Sormonti,    l°6fl). 

Together with   mutation,   tho   I'Mcombiri.i t ton   prooess   Is 

bastoni   for  obtain^ mlcroor^nnlstin   whoae  characters   are  more 

profitable   in  antibiotic  production,   lîocomblnution  result» 

in a  combination   of   parental,   gones   in   the   progeny.   Crossing; 

of   strains  with  donnai  phcnotvpos,   uaofu.1   in  a   given  system, 

leads   accumulation   in  on» monotype   of  a» h ich  a muntmr of 

positive  characters   its   possible. 

In  eukaryotio   organisms   tho  occurrence  of   regular  sexual 

oyelo   is  a  condition  fundamental   for  recombination.   Oene 

recombination occurs«  during me lot lo   division,   when upon  con- 

jugation  of   the  homologous  chromosomes   the   chromatids   break 

and  croasinr ovor   takes   pince.   Reassortmenta   or   alióles 

originating from  both  parents   is  accomplished.   Crossing  ovor 

occurs   in   tho  first  meiotie  division,   when  chromosomes  enter 

close   contact  upon   conjugation.   HocotobLnation   inaide  a  «mi«, 

or  between  linked  cones,   is  not   alwuys  a   result  of   crossing 

ovar.   Títere  is  a   theory   that  recombination  occurs upon 

chrow   somo  replication,   Twu   chromatids  replicate  on   the 

template  of   tho  origin.H   ciii'oin.tliili    if  ut   .1   specific   point 

tho   template   it,   ret: i tu oca l iy   oxeh.iri j<:d,    the   chromatids 
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• tart  to  replicate  on  the  hontolo<jms chromosome  template 

(copy-choioe  theory).  The  recombination process  probably 

runs by both crossing over  and copy-choice. t 

Nuclear fusion and  gene  segregation  can,   however,   although 

only occasionally also   take placo  in  absence of   sexual  cycle, 

by aeans  of  processes which have been described  as  tho  "para- 

sexual   cycle".   In  the  parasexual  cycle  the  same  genetio phe- 

nomena  occur as  in  the   sexual cycle,   namely,   complete nuclear 

fusion followed by chromosome reassortment  and  crossing-over. 

However,   these  processes   occur in  the  somatio cells  at  a 

low rate.   It  is only  system  available  in  the Pénicillium 

chrysogenum,   Cephasloporium acremoniura and  some  strains  of 

Aspergillus niger. 

The  life  cycle of  all   these fungi  is   predominantly 

haploid,   with  occasional  heterokaryon formation  at  frequencies 

varying significantly  between   species.   From  these heterokaryon 

oooasional  diploid nuclei may bo  selected  as first  demonstrat- 

ed by  Roper   (1952). 

The  parasexual  cycle   is  accomplishes   in  the  laboratory, 

and very likely in nature  by  three   succesivo  steps   (Fig.   2). 

1.   Heterokaryon formations:   the hypluio   of   two  different  ge- 

netically marked   strains   aro   joined   by  a  cytoplasmic 

anastomosis,   ami   a   hoterokaryo ¡ .i <•   myi-lium   Is   formed. 

L 



2,   Diploid   l t<itíi¡-» 11 .on :    Im    difieren!   nuclei    occasionally   fuso 

within   tho   hol.orokaryol i P  tit y • • H I t uin  fí\vim;  «   heterozygous 

diploid   nucleus   wit Ich   ;;1 vr-s   a   »I i ¡.»to!'I   rjono. 

1.   Mitotic   sotfroßutlon ¿   rare  «11 [».lo if)   nuclei   within   ihn   «J I pio I «I 

clone   undorgo  mitotic   scjTt'Rii t I on ,    io   ^l\e   piónos   whip h 

pati   bo   e.i thor  diploid   or  haploid. 

AH   a   rosili t   of    Ihr   para.sexunl   cycle,   u   d i fi et rnt i n tod 

.sy»tom  ari.s's   in   culturo,   u.{;.t 

1. Haploid   s trititi   similar   to   tho   parental    »train, 

2. Haploid   strain  with   rocomb.lnn Lions   of   all   the   chromo-- 

s omet   und  chromosomal   sonnent s   oí    tho   parental,   «train, 

'1.   rarely,   diploid   strains   which  art*  hfino-or heteroxytfou» 

l'or   all   pos»! b.lo  mar kor.s. 

lletarokuryo tic   clones   cat    be   detectad   or   culturo  itiodiu 

partinlly  onrtchod   in   tho   contact   zona  of   two   parental   »traiti». 

Those   clones     grow   on   mi n.lui H 1   modi um.   Sonic   of    the  heloro- 

karyotlc   nuclei    in   conidi.a   dissociate,   giving   i he   original 

parental   .strain».   Tin«   heterozygous   diploid   can   bo   isolated 

by   inoculating minimal   modiuin   with   hts I «ti <>kary«> tic   conidia 

(10     -   lu'    per   plato).   Colonic»   wi Ih   phetiotypt«    character» 

of   wild   strain   -tn'   he loro/, y, "on s   diploids.    Next,    the   «port; s 

L 
of    tho   hw teru'/.y ,ot: •    f'l.o   >i«l   ace    subjected    I. o    tini   inn t a,",on i. 
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factor.*»,     uni   tlic   s<'i', r-"/',',i» ' •'»   n fvi. O.KHI'I i r<»>«l   in   ilo tail    (f'ift.    '0 • 

Diploids   str.iin.s   oí"    \4j    '/;) I his   nldulnn.s   fi i M t I FIITII tahch 

fr>>m   ha pi o I ils   by   tlii» ir-   l:ir¡;fr   roiiidiii i    d Í ¡:jm* ( < > r    (l'nntoffiivd 

ei    al,,    19''»),    (ml    Ihjv    i »,   noi,   alwíiys   a   re J i ab lo   indi futoj' 

of   p.loldy   j ii   Por, le 11 l 1 um   flirysí'/jouum   anil   l'on i e i J 1. i um   pabu- 

lum   (Mucdon.ild   ot   .ti,,    |Qól,    1(>6'»,    l<Hv=-,). 

Ir»   oarly   HI.U'HCS   KÌth    "iiriprovod    t. Uor"   A trai ria   OÍ'   l'o- 

ri I ot LI Lum   ohryiononiiiii   mont   haploid   sc/ìnv;ants   1 rom  diploid 

wo ro   of   ori«   or   the   oUior   pitrontal    ftoriotypo,   a   phnnmnonon 

terra«»')   "purcntal   /i;»-fium«i   sn^rii/jalimi"    (blandor,    1°67).   Th.l » 

was   probably   duo   ilio   parent   haploid«   dtfforjnr;   iti   ohroitio- 

Moraal   ro.ii'raiii;t)!.ionl,H   suoli   UH   reciprocai    trun s loci Mon,   which 

pro ven tod   random   clirononiiiio   ¡ivsor tmotit ,   lly   usiti/-  «losoly 

rolatod   ".sl.st.nr"   s trains   a«*   paront,    these   harriera   to   re- 

combination   yucrv   ovnn omo ,    and   random   aasoi tinont   of   hap.loi- 

dilation   groups   was   aolijcvoij   (¡ull ,    1 97l). 

Tho   .frequency  of   bo ' orok.i ryori   Jornia ti un   can   ho   iii- 

creuñod   by   aj.pl y.l iif.    Ilio   prr, toplnst   fusion,   "l'ho   j.attor  ¡nokos 

it   also   possible   In   'ihtnin    i ntrr« poo i OH   hybridization. 

Ho teroka ryon   f (rin-i t i .>n   l'roi»   l'on ir i 1 J j.um   chryso^onuiu 

and   fon i .o L 1 limn   r«»'pi«M'o.rl i .i   wis   reported   ,    I »y   pro topi at-1 

fusion    S t illlU ! .'i t. Od    bv     polyethylene    (', yl'ol     (l'Io).     In    tli i. »j 

L 
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way  strains were obtain&d  capable  of  growing on minimal 

medium,   while  parental   strains   were   auxothrophic.  The  co- 

lonies  on minimal   medium  differed   In  oolor and morphology 

from   those  of   the  parental  strains   -   they showed  Jointly 

the  charaotora   of   both  parents.   Among heterokaryon,   which 

produced  spores with  the  character?!   same  aa  parental   strains, 

colonies  were found with diploid mycelium. 

The mycelium  showed antibiotio  aotivity   typical for 

Pénicillium  chrysogenum   (benzyl,     n-arayl,   and  2-pentyl 

penicillin was found in   the culture filtrate),   and produoed 

prototrophic   sporus much  larger  than  parental   spores. 

Spores  of  the diploid  strain were  green-white,   whereas 

Pénicillium  chrysogenum  spores  were  white and   Pénicillium 

roquefort! «.   spores  were  green   (Anne   et  al.,   1976). 

Further  studies  are  in progress,   aimed at  practioal 

application  of   the  stimulated  protoplast fusion in both 

fun^i.  und actinomyces   to  improve   the  production straina 

(Kur ^tkowski  et  al.,   1979). 

Every  since  the discovery of   the parasexual  cyole, 

attempts have  been made   to use   it   for   the  improvement  of 

the   production of   ponicillin.   In Pénicillium  chrysogenum 
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aiuti/ strains currying a por» colour and auxotrophic mark «I'd 

wore UM od us parents In which s i nglv.-a top tttor inor«»«acs 

were induce I by UV, The mutant/ hud yield nboi t 1000 U/ml. 

Strulns carrying different positive mutations were crossed 

in mi attempt to obtain segregnnts carrying both minutions. 

Two crosso« produced as a result of parawexunl cycle, l'égre- 

nants with significantly increased yield. Ilio effects of 

the two mutation were additive, u promising results for 

the future applicai Ion of recombination to yield improv- 

ement (Ball, 1973; liopwood and Merrick, 1977). 

Recombination Is common actinomycotes, too. Transforma- 

tion and transduction are of little Importance in deration 

of the antibiotic yields In strains of the genus Strepto- 

rayceo, and major part of genetic studies in this field are 

based on the conjugation prooess. Conjugation in actlno- 

myootes rany lead to hetorokaryon formation (actinomycetoa 

are the only examplo of prokaryotic organisms in which 

this phenomenon was observad), to rocomblnutlon, or to 

plasraid transfer. The consequences of the conjugation 

process in some strain» of actinoraycus are illustrated 

in Table '). 
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Moat  investigators believe   that   the heterokaryon 

arises from  straina  of  the  same  species.   A heterokaryon 

from  Stre: tomycea griseua  and  Streptomyoes  c an eu 9 has been 

obtained  only  in one  oase,   the  only known  instance  of 

interspecies heterokaryosis. 

Obtaining of  the heterokaryon nade  possible  the  next 

step in genetic  analysis  of  aotinoayoetes. 

The   teohnique of  obtaining recombinants in actino- 

•yoetes  consist  ini 

1. incubation of heterokaryons  on seleotive medium, 

2. inoculation of spores on selective media on whioh 

the  original forms  grow, 

3. isolation and detailed analysis  of  presumable re- 

combinants. 

In actlnomycetea a oycle analogous   to  the  parasexual 

oyole in fungi   occurs.  A fundamental   difference,  however, 

oonsists  in  instability of   the  diploid in  the heterozygous 

mycelium. 

The  conjugation phenomenon was   observed in actinorayces 

strains   that  produco  a number of  practically important 

antibiotics;   unfortunately,   it  remains hitherto without 

effect on   tho  antibiotic  yioid. 

L 



r 
In   the   ciuif:   only   of    < h toi tot ijioyt 1 Lrio~produ<lrv;   strop- 

tomycns   auri'of tu: I en.t    md   uj y toi rncyc I i no-produc j ntf   Stropto- 

roycos   rimosus,    yields   higher   by   r}   lo   2(y'¿   vnrn   round   in   pro- 

totrophic   rocomtiln'Miti   oblotnod   by   conju/v" t j on   of   auxotro- 

phic  miit.mt.i   differirò:   tu   the   .iniihiüf le   yield   ( Sermon ti, 

1 9*» H ) . 

As   po in tort   out   by  fon«. 11 <:   analysis   of   tho   antibiotic 

production  process   fu   ao t i norny..«* ,   tho  antibiotic  synthesis 

I»   controllori   by   not    only   i^nos   lon)H/m|   In   tho   nucleoid 

but   also   by   pi asm id   r;enos.   Oxy tet raeycJ ine   prorlucod   by 

Stroptomycos   rlmosws,    turimyoin   produced   by   Slroptomycos 

hydroscopic!.!»,    and   mo t hyl emmyoln   produced   by   S troptomyco* 

ooolicolor   aro   exarnpl oi   of   pi usmtd-de torui Inod   antibiotic 

synthesis.   Ne^il.itor   i;nnns   for   tho   structural   Rones   con« 

trolling  chloramphenicol    r,yn t tío   is   by   stroptnw   cos   vono- 

v.uclao   uro   probably   a Isso   localized   in   pi umni ds. 

In   act inomy<-os   and   barter la,   method:*   applied   for 

ftonotio   improvement,   of   tin»   production   .strain»   are   baaed 

first  of   all.  on   mutation«   induced   by   various   mutagenic 

adonis.   The  uso   <>l    re. omb i na i ¡ un   m   those   m icrobin1   groups 

is   limi tori   lo   a   íow   >pecios   oi'ly;    this   process   is   of   little 

Importance   for   linprov i or.   tho   auiihiol.ic   yield   of   proLaryotlc 

L 
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orfani «M«. May bo>  in futuro it will appear  to ba mor« 

applioable.  On  tha othar hand,  roooabinatlon 1» appi1od 

in triala on inprovornant of tho antibiotic  yioid of funffl. 

L 
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Tnble   I 

Inoronio  of  antibiotic   proihirt Inn  with  yonr«  by   «on«tlo 

imi!  mil turni   Improvomniit   ( Al Lklianl »n,   19^»2) 

An l i lito tic 

PIMI I e I I I I n 

S tm|itnniyi:ln 

lîhlorutntrucyel Ino 

Oxy ti» Irucycl 1 no 

Kry tliromynLii 

InitLal   yiolu ut 
Ilio   tlmn     of 
d Ificsovory 
(unit«/ml) 

20 

r>0 

200 

'lOO 

100 

( I 9'l 1 ) 

( 1 <I'I5 ) 

(I9'»H) 

(iy»o) 

(1955) 

Ylrlil  olitHluoil   In 
IP. S.S. It.   nl'lor 

Improvownnt 
(uni t.i/Ml ) 

HOOO 

r>OO0 

Í4OO0 

liOOO 

2OO0 

(i9%n) 

d95r») 
(l9r»9) 

(19-59) 

( I 9<> I ) 
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Correlation fc«tw©«m ixi.rpholo<.?i.OÄl   ch(u-H.ot«r» 

«¡md  y i » Iti oí   fx»ni.c.1l.Al«   .iM  i»tr*i.n* un«4   :ln 

|M»» i c i. A1 i »  pro d«.c t .í O o 

r Coïoisy   tyim 

Vil¡:offiAt.mi.lQn. rat« 
\c ."««i ja» A*« t i ve A y ) 

»»«naie 1.l".li.n   yXmUi 

» M>rmi iwinw^n» 

S  -t  r *  i   n.  s 

1 21 î«i 

v.t» ..51-20 

6^0 

.À  

"), if 

?.?"?!!» 

.1 

D 

U* 

aa se 

_i 

c 

M 

1 .5 

25?. I 

Wa^— 
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Tibi fi     } 

(»»•ni*ti.e   pb»>nomouM   In   s troplomy» t «¿i   nfhtT   ch>«n 

\ cOHlIrplor   A'l/'l/     (llof.wootl   «mi   ?ic<rr L«-k,    1977) 

Sj'IM* i OS AnLi btot Ir OiH'i.i e   plionomonu 

S, .i I bus 

' ^ . ¡HI I. 1 II l O I   I CUM 

i.lUfOOf HCl «!I1S 

>,i'l .'vu I l ijfni.i 

•'•'.»•••e I l >•«> 1 or 
', ol.hi>r   a traini«) 

i'.rry titrons 

''. fr.nil tío 
s./',Ol  Sells 

s .byilroscopictis 

S, I I |nu;\rni i i 

S. |i.iriiilus 

S. vriio'/tio l ito 
(.uni   Stroplo- 
iiiyoe.,   sp. 
lO^I'a) 

\C t Lnomyc i il 

("h Lor to tro — 
i.'ytí I i io» 

t o tntryfj I no 

('ojihítniyci ns 

I 
¡    Kry tlimmyein 
] 

Noomyo i u 

¡    Str»i|» I om y o I n 

!   ?   othors 

TM r i m y e i n 

Citphumyc I na 

A«: t. lnuinyc in 

Cl 1.1 or.unphoni - 
ooi 

|¡»> < '>r >k>« ry'in i M 

Ib» i. oriiU'iryo* I. s   un«!   rrfowbl nn- 
t  1  l<U 

I (iiDiiib i n.i i. i on 
luir r.i |i'T¡ i' l<     i «tornii b I na ti on 

K L (h   s . i- j mo.sus   find   .'.'.coo 1 i - 
<   O 1 lì J' 

¡íoiombi na 11 en 

l¡n t oroktu yo«i s   muí   rncomb.lmi- 
I L.ri 

|    Kooomb i rt.i t J i• rt 

!    liocorni» uhi I; i on 

!   Ibi t.oroki» ryos i « 
I 7 

Koeoinbj nu t i on 

j   In tors poot( I o   recombination 
;   w i t b   S.coo 1¡color 

Tur i tu y e In   pltisniid 

¡   Ilotori'JwryosI« 

l   Itoci! vos   SCI»!   ami   SCI» I '   from 
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i   Not orokiiryusi.il 



r 

r «•ir. i 

Gcnv.iUoqij o¡ Pcnicutuwi i:tììi)so(]t:num strains 
uf the Wicccrsin /«..••.>*'';. 
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» 

47 7*636 ^7i'6f0       '.-T%,          ^7-752 y" 
47-1327 47-t2G0      47--ï.~o'i- 

|f     -            UV-1 
47-1040 

O-743             -'rO-vo;"       - 
.....   ""i« ^ 

/i r> - ï'^55 48-786 
\7^.-—~                               ¡? UV-2 

 .--—' '.'.¡-•Jft? 48-1372 
p——-"'*' i« UV-2 

49-jl33 '=, -ÍÓ93 
lì»1 

49-901 
UV-2 

^C -'319 49-2429 
49^2166         *9- 2ìn5                                            ¡S UV-2 

1 NM 

50*-2 5 
TO- 1247 50-724 

uv-l 

1 NM 

50r935 
r '    '.•li 50-1583 

uv-l 
NMI 

51-^0      S 

'•           --'   "S.         U 51-825 
,- < _ : i • r»          f. o _ (^ q ÎJ 

UV-1 
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