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ABSTLCT

The possible involvement of carbon catabolite repression in control
of synthesis of the polyether antibiotic 1139603 wes examined by

culturing the producin: organism S. longisooroflsvus in a variety

of media containing a ranze of different carbon sources ai different
concentrations. From the results it h~.s been tentatively concluded
that c:rbon catabolite revression is not mediated by any of the

carbon sourczs tested.




Introduction

The isctinomycetes ere Gram-positive bacteria belongins to the

Order sctinomyvcetales. Tyvically the actinomycetes form branching
hyohal filaments (usuzlly 0.5 tc 1.0 p in diameter) resulting in
colonies with . fung=l appearance. Indeed, when first discovered,
their morphological characteristics led tc the belief that they were
related to both fungi =nd bacteria (Willizms and Wellington, 1982),
though the issue has been decided in favour of the bacteria
Lechevalier und Lechevalier, 1967).

Actinomycetes reproduce either by almost total fragmentztion of the
hyphae or by the production of spores on specielised hypae. Most
species are chermo-organotrophic, azerobic, mesophilic a2nd grow
optimally at pH's approsching neutral (Willizms and wellington, 1982).
The Actinomycetes may be separated into families and genera on the
basis of their physiolosy (oxidative versus fermentative metabolism);
morphology (type and number of spores, formition of specialised bodies
such as sclerotia and sporanziz); physical properties (e.g. heat
resistance) and chemistry (cell wall composition and type of lipid),
Lechevalier and Lechevalier, 1981. Sce tables 1 to 4.

Actinomycetes can be found in & wide variety of habitats. Many

are obligate or faculative paresites of plants and animals, including
Man. Others may be found in aguatic and marine environments, but

it is the soil which is their most important habitat (Williams

and Wellington, 1982), where numbers mey be anywhere between 7 and 10
to 46 x 1O6 per gram dry weight of soil (dependant on the proximity
of plant roots), Gray and Williams, 1971. Numbers in anzerobic,
water logged, and acidic soils are ususlly far reduced.

Within the Order Actinomycetales there are a number of families
(divided on the criterie mentioned above), including Streptomycetaceze;

Actinomycetaceae and Nocardiaceaze. It is with a member of the



Table 1. Major Constituents of Cell Walls of Actinomycetes

b
Cell Wall Major Constituentsa) Example Total Number )
Type
I L—DAPC, Glycine Streptomyces 11
II ~ meso-DAP, Glycine Micromonospora 5
111 meso-DAP Actinomadura 13
Iv meso-DAP, arabinose,
galactose. Nocardia 8
v Lysine, ornithine Actinomyces israelii 1
VI Lysine (aspartic acid;
galactose) Oerskovia 4
VII pAB® glycine (lysine) Agromyces 1
VIII Ornithine Bifidobacterium 2
IX meso-DAP, numerous
amino acids Mycoplana 1

a) All cell wall preparations contain major amounts of alinine,
glutamic acid, glucosamine, and muramic acid.

b) Total number of actinomycete genera known to have this cell wall type.
c) DAP = 2,6~diaminopimelic acid.
d) Bracketed constituents are variable.

e) DAB = 2,4-diaminobutyric acid.

(After Lechevalier and Lechevalier, 1981)



Table 2. Genera of

Actinomycetales with a Type 1 Cell Wall.

Generic Name

Morphological Characteristics

Streptomyces

Streptoverticillium

Nocardioides

Chainia

Actinopyonidium

Actinosporangium

Elytrosporangium

Microellobosporia

Sporichthya

Intrasporangium

Arachnia

(After Lechevalier and Lechevalier,

Aerial mycelium with chains (uswually long)
of non motile conidia

Same as Streptomyces, but the aerial mycelium bears
verticils consisting of at least three side
branches, which may be chains of conidia or hold
sporulating terminal umbels.

Both substrate and aerial mycelia fragment into
rod and coccus-shaped elements.

Same as Streptomyces, but sclerotia are also
formed.

Same as Streptomyces, but pyonidia-like structures
are also formed.

Same as Streptomyces, but spores accumulate in drops.

Same as Streptomyces, but merosporangia are also
formed.

No chains of conidia; merosporangia with nonmotile

spores are formed.

No substrate mycelium is formed; aerial chains of
motile, flagellated conidia are held to the surface
of the substratum by holdfasts.

No aerial mycelium; substrate mycelium forms
terminal and subterminal vesicles.

No aerial mycelium; substrate mycelium is branched

and may fragment.

1981)



Table 3.

Morphological

Criteria of Genera of

Streptomycetaceae and Some Other Actinomycetales.

Substrate mycelium

Aerial mycelium .

| < w S
o T o
Fragmenting Pod-shaped v Chains of arthrospores . 23 o
into rod or Chains of spore vesicles: 2 within a thin fibrous _Fibrous sheath 5 3 -
coccoid Spores mero-sporangia T sheath ' oS g
Elements few spores e Smooth Hairy v e o
o Verticillate arrangement or oo
Spiny =25 o
No Yes * ot
o o
Genus a
2
Streptomycetaceae
Streptomyces - (+) - + - + - _
Streptoverticillium - - - - + - - -
Chainia - - + + - + - - -
Microellobosporia - - - - - ND ND -
Kitasatoa - - (+) + - + - ¥
Actinomycetaceae
Arachnia + - - no aerial mycelium
Nocardiaceae
Nocardia + - - - - - -
Micropolyspora -/+ + - - + - -
Thermomonosporaceae
Actinomadura - - - + - + - -
Nocardiopsis (+) - - + - - - -
Genera without a family
Nocardioides + - - Fragmenting aerial hyphae - -
Sporichthya No substrate mycelium Aerial hyphae become chains of spores - +
Intrasporangium - - - No aerial mycelium ND

a) no data (After Kutzner, 1981)




Table 4. Biochemical markers of Streptomycetaceae and Some Other Actinomycete Genera

Family and Genus

G+C
(mol%)
Streptomycetaceae
Streptomyces 69-73
Streptoverticillium 69-73
Chainia 71

Mieroellobosporia 6€7-70
Kitasatoa

Actinomycetaceae
Arachnia 70-72

Nocardiaceae

Nocardia 67-69
Micropolyspora
Hrevicatena 66-69

Thermomonsporacceae
Actinomadura 77
. Nocardiopsis

Genera without a family
Nocardioides 67

Sporichthya
Intrasporangium

a IPB Interpeptide bridge:
(After Kutzner 1981)

Glycine
DAP in
1pp?

LL
LL
LL
LL
LL

+ o+ o+ 4+ 4+

LL +b

DL -

DL -

DL -

LL +
LL

LL

b Together with

Sugars in Whole Cell

Hydrol

Ara+
Gal Mad

aspartic acid:

ate

Ayl

Fatty Acid Spectrum

Satur. Iso- and Unsatur-
Fucose Straight anteiso ated
branched
- + - -
- + + -
+ + + -
+ + -
+ + -
+ + -
+ - +
+ - +

c Often additional small quantities of LL-~DAP

10-Methyl
branched

Mycolic
acids



Streptomycetaceae that this study is concerned.

Streptomycetes (members of the Strentomycetaceze) are common
gram—positive sporoactinomycetes, with a.highly oxidative
metabolism, and which form non-fragmentins, extensively branched aerial
ana substrate hyvhae. Chzracteristically their cell walls contain
LL-Diaminopimellic acid (DAP) and diamino acid, possess glycine as
the crosslinking amino zcid and have no characteristic wall sugars.
This is known as wall chemotype I, Goodfellow &nd Cross, 1933.
Streptomycetes are further characterised by 2 high G C content

of their Diia (see table 4), the suzar pattern of whole cell
hydrolysates and fatty acid svectrum of cell lipids, Kutzner, 1931.
The streptomycetes are divided intc a number of zenera, for example

Strectomyces (Waksman and Henricic, 1943); Streotoverticillium

(Baldacci, 1958,; Chainia (Thirumslachar, 1955); sicroellobosporia

(Cross, Lechevalier and Lechevalier, 1963) and Kitasatoa (Matsume et al

1968} of which Streptomyces, Streptoverticillium and Chainia are

very closely related.

The genus Streptomyces is by far the most important gemus of the

family, in terms of economic value (due to the production of
antibiotics and other secondary metabolites) and in terms of

environmental abundance. Streptomyces species «re so common in

so0il thst many investigations into seil actinomycetes have besen, in

effect, studies on Streptomyces (Hilliams and ¥Wellincton 1982).

This is well illustrated by the work Lechevalier and Lechevalier
(1967) who found that of 5,000 isolates (from 16 soils) Streptomyces
hzd a frequency of occurrence of 25.34%

Although Bergey's mamual of Determinative Bscieriology (Buchanan

and Gibbons, 1974) 1lists only 463 species of Streptomyces (which

includes & number of species of Chainia, which the authors consider

(9%)



synonymous with Streptomyces, Kutzner, 1981) many more 'species'

have been described.

During the period 1940-1957, over 1,00C spzcies of 3treptomyces had

been described (Pridham et al., 1953), whilst by 1970 the number had
risen to 3,000 (Trejo, 1970;.

This larze number of species had come about due to the use of such
choracters as aerial mycelium colour; spore chain morpholozy;

spore ornamentation; soluble melancid pigment production (on media

containing tyrosine); carbohydrate utilisation snectra and vroteolytic
activities. Using these characters in their many permutations,
hundreds of 'new' species were identified, mony of them solely for

the purvose of patenting (due to the secondary metabolite producing
capabilities of 'species').

In the 1960':z it became cleur thiit the genus was over clussified and

so in 1964 the International Streptomyces Project was set up in order

to resolve some of the problems encountersd in correctly clissifying
the genus.

Over 450 snecies were rediscribed and much of this information was used
in the present volume of Bergey's ianual (Buchenzn and Gibbons,

1974). However, dilvestri et al (1962}, using numerical taxonomic
technigues concluded that the genus was still overclassified and thot
there mizht be as few as 25 centres of variation. In the more recent
phenetic study, by Williams et al (1983) it is suggested th.t there
are releatively few cluster groups or species within the genus, and
that the heavy weighting given to morphological characters, in the
past, is no longer justified.

4s stated above, the genus Sireptomyces is of great economic value due

to the wide range of commercially useful secondary metabolities
(Metabgliic products which appear to play no nart in ceil zrowth,

and which are formed meximally under conditions of restricted or zero



growth, Singleton an® sainsbury, 197%), including antibiotics, it

producss. The economic importance of 3Jtreptomvees cun easily be

demonstrated if one considers that of 5,000 antibiotics identified

in 1977, 3,000 were produced by cctinomycetes (the mzjority by

Strentomyces). ilso of the 5,000 only 100 have been mairketed, =nd
of these 69 were products of sireptomycetes, (fivures from ahronowitsz
and Cohen, 1351).

The following report is concerned with the production of & polyether
antibiotic (termed 139603) by an industrial streia of Streptomyces

longisporoflzvus, 01811426 (see iaterials :nd Methods).

2t prasent the process involves mrowing S. lonsisporoflavus on a

complex medium in fed baitch culture. The protoccl used in the current
industrisl process differs from thet used in the followin: experiments
(see daterinls tnd Methods), in that, at the time of inoculztiion the
production medium contzins 1% wyv Starch (see iateriuls crd Hethods) and
that after an aporopriate time, as deitermined by the state of the culture,
dorsweet, (2 mixture of glucose, maltose and meltotriose, suvplied by
CoP.C. UK Ltd) is fed =t an appropriaie rate.

The meximum level of 1129603 producticn achieved so fsr by this method

is in the region of 15 gl- . Hoviever, in order fo achieve grezter
economic viability for the process, it has been decided to try to
increase the yield to 20 gl—l.

There sre two methods by which the maximum vield of en antibiotic

fermentation (or any fermentation .rocess) may be increszsed. Firstly

there is genetic maninulation of the producin: organism, whether by 'clessical'
mutetion and selection procedures; ~enetic recombination; or more racently

by utilisinz the technicues of senetic engineering to circwiwvent many

types of barrier to increased production. Secondly by alterins the

culture conditions of the fermeantation vrocess, and hence by-passing such

3 . . 4 . . \
physiological resulstory controls as catavolite repression (see Dbelow).



Industrial microbiology or biotechnolosy is not @ new field of
entrepreneurial activity; its development can be traced back to the
production of zlcohol 2nd vinegar by ihe sumerians before the year

5000 B.C. Today biotechnologzy is an established factor in the world
economy with an annual value of hundreds of billions of dollars

(01d and Primrose, 1985).

However, despite its long history the first steps towards controlling

and improving microbiological processes were taken little more then

100 years ago, when the bacteria and fungi that mede desirable commodities
were isolated and zrown in oure culture, and it bzcame possible to :ielect
strains particularly suited to a ziven task (Hoowood, 1931).

The vurposeful breedinz of specicel industrizl strains only became
possible much leter, as our basic knowledze of microbial genetics
improved.

The first deliberate attempts at changinz the genetic composition of
microbial cultures came about as early as 1927 when it was discovered
that x—rays could induce mutations. ifter 1945 a wide range of other
potent mutegenic radiations and chemical mutagens were discovered and this
gave microbiologisis a powerful set of tools for changing the genetic
composition of their cultures.

Probably the best known example of the efficacy of mutation and selection
procedures is that of the Penicillin fermentation, where the productivity

of the producing organism Penicillium chrysogzenum has been increased

over 55 times. Coupled with current fermentation practices the yield
is now in excess of 20 gl-l (Hopwood 1981; Aharonowitz and Cohen 1981).
In the same way the yield of tetracycline from Streptomyces aureofaciens

has been increzsed from a few milligrams to over 20 gl-l.

It is probably true to say that, to dete, most if not a2ll, industrial
3
strains of micro—organisms used in the production feconomically useful

microbial metabolites, have undergone strain development via a mutation



ana selection programme.

The mid 1940's also suw advences in microbicl zenetics that made
it possible to modify the genotype of the producing organism via
genetic recombination.

Whilst mutation salters & micro—organisms menes, recombination

(the other basic approsch to genetic vrogramming), rearranzes genes

or parts of genes and brin-s together in an individusl organism genetic
inforrztion from two or more orgznisms. The technicues involved in
recombin:tion have been reveiwed by Hopwood, 1931,

dithin the last 15 yerrs the techni-ues of zenetic engineering have
sssumed increzsing importance in the develoomeni of fermentation
DTOCESSESe

There are many weys of clussifyin- industri..l ferment:tio:s, wiich can be
subdivided zs follows?: nroduction of cells; production of proteins;
destruction of toxic compounds; and the proauction of sivzll rolecules
including antibioiics. Jenetic engineerinz technicues hdve been used
in the development of each of the xbove cutegories (see 01d and Primrose
1985), however, it is with the production of =ntibiotics that this
renort is concerned. The current staie of zene clecninz of antibiotic
producing orzanisms has been most racently reviewed by Fayermon, 1986,
The second method used to increase the productivity of a Fermentation
process is to manipulate the physio—chemical environment such thit the
producing organism is cultured under optimum physical conditions with all
its nutritional requirements fulfilled without inhibiting biosynthesis
of the desired product.

It is also important to develop inoculum and medium sterilization
procedures, so 2s to introduce the producing organism into the culture
broth, in the optimum (for product formation) physiolozical state, and
to ensure medium sterilization without zltering the mutritional guality

of the medium.



The protocol used in medium sterilization and inoculum development for
the following exveriments will be discu.:sed in the conclusion of this
report. For general reviews see Yang et al, 1979; Crueger and Crueger, 1982
and Sikyta, 1983.
The factors which comprise the physicalAenvironment of & fermentation include
temperature, pH, aeration and aritation. The optimum level for each of
these parameters can be determined experimentelly by culturing the
producing organism under a range of different levels of each of the
parameters. The optimum levels: For these paremeters have been determined
previously by I.CeI workers wnd =re those ﬁsed in Mzterials and
Methods.
48 with the physical environment the chemical environment can also be
determined experimentzlly. This is often done at an empirical

evel, with a wicde range of cerbon and nitrogen sources being tested at
various concentrations.
As well as the source a@nd concentration of carvon and nitrogen in the
medium, the concentration of inorganic phosphate znd minor elements
are also of importance, esvecizlly vhosphate.

wevious work by 1.CeI personnel have determined what would appear

to be the optimum concentrations and source of nitrogen, vhosphate and
minor elements in the medium for 139603 production (see izterials and
Methods) .

This report is concerned with the development of an optimum source and
conceniration of carbon for the production of 139603,

I+ should be noted at this point that genetic manipulation Qf the
producing strain and development of the culture environment occur
simultaneously. This is because & hizher producing strain obtained
by mutetion may only express its true potential under different optimum

conditicns to the previous strain.
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Data published by large m nufecturers of microbi«l products indicate

that the increases in productivity of industrial microbiazl rrocesses

are due almost equally to genetic manipulstion of the producing organism
and to the development of the technological process itself. Hence

data on the productivity of indusirial strains and the methods used to
increase productivity are closely guarded secrets (Sikyta, 1983).

The question must now be asked how do the source and concentration of
nutrients affect the production of microbial metabolism and ML39603 in
particular. It is known that the source and concentration of carbon,
nitrogen and phosphate have a definite effect on the biosynthesis of ML39603
production (P. ¥illis, personzl comrunication). These effects are due
to one or more of the regulatory controls of metabolism coming into effect.
These mechanisms have been reviewed by a number of workerss Demain, 1972;
Drew and Demain, 1977; Demezin et al., 19793 sharonowitz, 1980;

Martin and Demain, 1980.

As stated above this re,ort is concerned with the development of an
optimum carbon regime, by trying to investigate the possible role of

one of the above regulatory mechanisms, carbon catzbolite repression,

in the biosynthesis of 139603.

Epps and Gale (1942) first discovered that the synthesis of  enzymes
involved in primsry metabolism (metabolic processes needed and directly
involved in cellular growth) is influenced by glucose and raised the
question of the biologic:il significance of this observation. It was
Megasanik (1961) who saw a survival advantage in this phenomenon and
termed it 'catabolite repression',; i.e. the inhibition of synthesis of
inducible enzymes by intermediates produced by the rapid catabolism of
glucose (Demain et 2l., 1979).

Probably the best known example of catabolite repression involves an
organism grown on a mixture of lectose and glucose. In s:ch a case
glucose is metabolized preferentially by the organism since the sugar is

capable of maintaining a higzher growth rate than leactose. Since there is no
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advantage in synthesizing the enzymes necesssry for lactose metabolism
whilst the glucose is in 2 plentiful supply, zlucose, throuszh a catabolic
intermediate represses (i.e. prevents trenscription of) the genes
responsible for lactose metabolism (Demain et al., 1979)

Readily metabolized carbon sources, such zs glucose can suppress antibiotic
pProduction by preventing the synthesis of a key enzyme in the biosynthetic
pathway (Chatterjee and Vininz, 1981). Because of parallels with the
vell known suppression by glucose of catabolic enzymes for using less
prefered substrates, Demain (1972) referred to the above as 'catabolite
repression’, (Chatterjee and Vining, 1982). Consequently although
glucose 1is often an excellent carbon and energy source for microbial
growth, it is infrequently used as the major carbeocn and energy source

in secondsry metabolite fermentations (Rrew and Demzin, 1972).

During studies on fermentation medium development, polysaccharides and
oligosaccharides are often found to be better than glucose as a carbon
source for antibiotic production. For example the current production
process for ML39603 involves a fermentation medium containiny starch

as the primary carbon source, with morsweet beinz used as a carbon

feed (P. Willis, personsl communication).
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Materials and Methods

1. Strain
The micro-org:znism used in all the followin: sXxperimenis was

Streptomyces longisporoflavus NC1B 11426 strain 83/E6. This was

supplied as second generation slope cultures by I.C.I. Pharmaceutical
Divisione.

2. Shake Flask Exneriments

i) Inoculim development

Production of ML39603 was based on initial growth in an inoculum

medium consisting ofs
4% (w/v) Milou Pro Bio (Supplied by: IMilouot i.P. ishwat Israel)
Oed% (w/v) Chalk ¢ v oo Brito Mayo, Violet label).
O.4ﬁ>§w/v) Minor Zlements
0.1% (v/v) Polypropylene glycol, antifoam (Diamond Shamrock, EfA 142)

The minor elements present were:

1.00 gl'l FeSO, 7 HY
1.00 g1t 80, T HO
0.15 g1t Cus0, 5 K
0.10 217 inS0, 7 H,0
0.10 gl'l szoso4

The inoculum flasks were 1 litre non-baffled conical containing 200 mls
of medium, which were sterilized for 30 minutes at 121°C. The sterile
flasks were inoculated from slope cultures. Using aseptic technique
10 ﬁls of the sterile medium was transferred from the flask and added
to the slope culture, using z wide bore 10 mls plastic pipette (Sterilin).
The scraping of the slope, with the pipette, caﬁsed a release of spores.
The spore suspension was then withdrawn, by means of the pipette, and
used to inoculate the flask.

In all the experiments, duplicate inoculum flasks were prepared in

case of contamination. The inoculum flasks were incubated at 28" C on
an orbital shaker at 220 rpm (L.H. orbital sheker) for 48 hours.

After 24 hours of the 48 hour incubzation period, purity tests were
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performed on the inoculum. Mirstly, a Gram stain was performzd on
the culture broth to ensure no contaminants were present. Secondly,
check the broth using the streak plate method on nutrient agar (Oxoid).
Duplicate plates were used, witn one being incubated ut 28°C and the

©
other at 37 C.
After 48 hours, the flasks are used to inocul:te oroduction: flasks by
transferring 10 mls of inoculum to each production flaske.

ii) M139603 Production Flasks

The production flasks were 500 mls non-baffled conical flusks containing
18C mls of the production medium. This medium was basad on the
inoculum medium (mentioned zbove) excent that Milou Pro was present

as a 2% (w/v) concentration. also & carbon source of choice was
prasent. These flasks were sterilized at 121°C for 30 minutes.

The inoculated production flasks were incubzted on an orbital shaker

(as above) at 28" ¢ and 220 I'Dme These flasks were then sampled
periodically for 139603 production (see below) until maximum production
was achieved.

In chese experiments various carbon sources vwere tested, these were:

Glucose (Supplied by: Meritose, Tunnel Refineries)
Starch ¢ » n Laing National, Trafford Park)
Cellobiose ( "o BDH Biochemicals)

Maltose hydrate ( " " Sigma)

Alpha-Lactose ¢ n Sirma)

Fructose ¢ " Sigma)

Sucrose ¢ o Tate ani Lyle, "Silver Spoon")

These carbon sources uere tested at three different initial concentrations,
which were: 1, 5 and 10% (W/V). Axcept in the cuses of cellobiose and
maltose where only the 10% (w/v) concentretions were tesied. In all

the exveriments dunlicate flasks were tested.

3. Fermenter mxneriment

i) Inoculum development.

The production of M 139603 in the fermenter was based on a two-step inoculum

procedure, developed by Willis and Hood (unpublished data).



13.
Inoculum flasks were prepared az above, however incubation vroceeds for
72 hours, after which the whole flask is used to inoculate a laboratory
scale fermenter containing 2.5 litres of inoculum medium. The same
inoculum medium as above.

The culture conditions of the inoculum fermenter were as follows:

Temperature 28°¢ .
deration o5 v/v/m
agitation 5C0 rom

pH was maintained at 7.0, via the addition of 50% NE OH (v/v)

and 2K BZ:JO4

Dissolved Oxygen Tension was not controlled.
The inoculum fermenter was a L.H. Engineering 51 glass vessel of the

stirred tank design, with a double bladed impellor. In this fermenter

T\/’.G.

xl_\

growth wes monitored via CO2 production which was measured by
icromass Mass Svectrometer.

Inoculum production continues for annroximately 24 hours, after which a
10% (v/v) sample is used to inoculzte the production fermenter. This
occurs when the CPR (Carbon dioxide production rate) reached a level of
approximately 8.0 mﬁl—lh—l. It should be noted that prior to inoculation

of the production fermenter, purity tests were periormed (as above).

ii) Production Fermenter

The production fermenter was a modified Braun biostat 41 gluss vessel

stirred tanke. This fermenter contained 2.5.1litre of the production medium.

a) Medium Composition

The medium constituents were - 10% (w/v) Glucose
3% (w/v) Milou Pro Bio
Ge45 (w/v) Chalk
0e4% (w/v) Minor Elements
0e1% (v/v) Polypropylene Glycol.

b) Medium Sterilization

Both inoculum fermenter and production fermenter media are produced
in 101 aliguots contained in 20 litre aspirators and sterilized at 121° C

for 60 minutes via a normal cooling cycle of a British Sterilizer Motorclave
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SJHed. — WoJdo (the temperature probe being placed at the base of a

similar aspirator containing 20 litre inoculum medium).

However, due to heat lability of élucose, a solution of glucose is

prepared at asproximately 500 gl-l in 10 litre aliquots (in a

10 litre aspirator) and sterilized at 121 C for 30 minutes.

In the production fermenter sufficient glucose solution is added to the
Seneral medium to give a concentration of 10% (w/v)e This solution was

also used to feed glucose into the culture broth at periods after inoculation
(see table 5).

¢) Culture Conditions

The production fermenter culture conditions were:

Temperature 28°¢
Aeration 0¢5 v/v/m
Agitation 500 rpm.

PH was maintained at 7.0 via the addition of 50% NH4OH (vyv)

and 2M HZSO4

Dissolved Oxygen Tension was not controlled.
Daily samples of the production broth (about 3¢ mls) were removed and
analysed. (see below).
The fermentation proceeded until maximum production of ¥M139603
was achieved.

4. Analysis of Zulture Broth

It should be noted that pH analysis and purity checks werevonly

performed for the fermenter run.

i) PH Analysis

The pH of the broth was measured (using = Corning pH meter) as a check
of the pH monitoring system in the fermenter.

ii) Residual Glucose

A . ' . I3 0 .
1 ml aliguots of the culture broth were centrifuged (using a #icro
Centaur). Te supernatant was removed and when avpropriate diluted
(to bring the glucose concentration within the range of the analyser)

with double de—~ionised water. The resultant solution was measured for
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~ glucose using « Beckman glucose analyser.

iii) Purity checks

A Gram strain of the culture broth was nrevared. This alloved a repid
exanination of the broth for contaminsnts and also allowed the morphology
of the culture to be determined. The prepared slides were also
photbgfaphed (see results: Culture mOTPRoloy ) .

Streak plates were also prepared from the culture broth one being

. : A0 °

incubated at 28 C 2nd the other at 37 C.

iv,; Determination of i: 1296C3 Concentration.

4 1 ml sample of the culture broth wes added to an.avpropriate volume

of HPLC grade methanol, (the dilution factor being chosen to bring the

1,

sample copcentration igto the_range ccvered by the sitandard solutions)
contained in a 30 mls Sterilin disgoséble universal.  The methanol;culture
brotﬂ mixnﬁas'then agitated for 3C minutes using = Griffin flask sheker.
After_égitatiqn the sample weas filterea (usiné & 0.45 p scrodisc disposable
filter assenbly, Acrodisc¢ C.Re Gelmén Sciences), and 1 ml of the

' fiifrétéfwas'placed in an sutosamvler vial was measured o ainst three
>standérd concéhtratioﬁs of I.C.I,_l39603 (in methanol). The standard
Aooﬂcen{rations wefe: 0.110: C.25C and 0.505 gl-l. Standards of each
_6oncentration‘were run gefore and after each batch of unknown samples

were measured.

Measurement of M 139603 wzs by means of a Kontron HPLC system, which
consisted of -the following: Uvikon 740 L C detector
' ~ LC pump 410

#PLC autosampler 51660 . .
Reodyne T01l0 injection valve pneumstio
actuator, 6 port.
Servoscribe chzrt recorder.
Column: Spherisorb 5 0052 - 125 x 5 mm

The chromatographic conditions employed were:

Eluent: HPLC Methanol (90%) and 0.0 1H

Potassium dihydrogen orthophosphate (in HZO’ buffered to pH 7)(10%)
Wavelength: U/V absorption at 254 nm

Flow raté: 2 ml/min

Pressure: about 50 ber. Sample loop: 20 ul

¥ 139603 retention time: -about 3 minutes.



Table 5 Gluco:e Utilization in Fed—batch Fermenter Run

Fermentation Residual Residual
Time Glucose Before Glucose After
(Days) Addition Addition

(ex™h) - (e27h)
6 G.12 40
10 Ced0 28
11 5630 20
12 ¢.00 27
13 4,00 38.3
Total Glucose zdded = 113.48 gl ™
Initisl Glucose concentration (at inoculation) = 98 gl-l

Total Glucose used = 211.48 gl-l



Results

a) Graphs of 1139603 production (fisures 1 to 8)
(For shake flask results, points represent
an average figure from duplicate flasks)

b) Teble 6, Table of Maximum Yield of 139603

c) Colony Horphology (plates i to 12)

d) Description of Plztes
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Fig.1 Graph of M139603 Production Versus Time.
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Fig.2 Graph of M139603 Production Versus Time.
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Fig.3 Graph of M139603 Production Versus Time.
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Fig.6 Graph of M139603 Production Versus Time.
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Fig.8 Graph of M139603 Production Versus Time

for a Fed-Batch Fermentation.
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Table 6 Table of Maximum Yield of M 139603

Carbon Source Concentration of Concentration of
Carbon Sourge Hishest Yield of
% wiv gl=l M139603 gl1-1
Cellobiose 10 9.13
Glucose 1 C.55
5 3.75
10 9.65
Maltose 10 T.83
Starch 1 0.62
5 1.88
- 10 Te25
Sucrose 1 .08
5 .63
10 T.13
Lactose 1 .10
5 0.18
10 0.29
Fructose 1 054
p) 1.23
10 0.99
Fed-batch

Fermentation (Glucose) 10 8.00
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d) Description of Plates

_Plateé‘lland.Z (examined under o0il using a X 100 objective lens).
The plates show the culture morphology with a fermentation
running time of 4 days. .The culture forms dense mycelial pellets

with the hyphae staining grum positive.

Plates 3 =nd 4 (examined under oil, X 1 00 objective lens).
After 5 days as with plates 1 and 2, the mycelium is in the form of

- dense pellets, staining gram positive.

‘Plates 5 and 6 (examined uﬁder‘oil, X 100 objective lens).
After 8§ days the mycelial bellets are becoming dispersed. Hyphae are
stained gram_positive.

Plates 7 and 8 (examined under oil, X 100 objective lens).

Bfter 10 days the culture mycelium has become even more dispersed. .

Hyphae are stained gram positive.

Plates,9_and 10 (exémined using X 40 objective lens).
After 11 dayé the culture mycelium has become very dispersed. The
plate h#s been taken st lower magnification in order to show a wider

- field of view. The mycelium is stained gram positive.

Plates 11 snd 12 (examined under oil, X 100 objective lens).
After 12 days the mycelium has become very dispersed, and has also
become . gram variable in staining characteristics with some hyphae

_staining gram positive (X) and some gram negative (Y).
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Discussion

From the sheke flask results it can be scen that the hirshest

yields of 1139602 were obtained from flzsks containin> an initial
carbon content of 10% Glucose, 10% Cellibiose and 1C% Maltose; with
figures of 9.65, 9.13 and 7.83 gl_l resvectively. It can also be seen
that the flasks conteining 106 Starch and 10% Sucrose also gave
reasonzble vields of 5129603 (7.25 and T.13 gl—l respectively), whilst
Fructose gave a maximum yield of 1.23 gl—l (5% initial carbon
concentration) and Lactose (10%) gave a very poor yield of 0.29 gl—l.
It should be noted that in all cases, except Fructose, the hishest:
yields were obtained from flasks containins an initial carbon content
of 10%, and that yields of 11139603 decrease with decreasing initial
carbon concenirztion.

It would appear from these results that carbon catabolite repression,
mediated by an excess of glucose in the medium, is not & factor
involved in the regulztion of enzymes responsible for ML39603
synthesis.

This conclusion mey be drawn since the highest yield of 1139603

was obtained when the medium used conizined a hizh concentration of
glucose, a carbon source known to inhibit the production of =z wide
range of antibiotics and other zecond:.ry metabolites, whilst much
lower yields were obtained on carbon sources which have commonly
been used to circumvent carbon catabolite repression, for example,
Lactose, Sucrose, Fructose and Starch (Demain et al, 1979; Hartin
and Demain, 1930).

It should be noted that glucose may not elicit a repressive response

because it is not the carbon source prefered by S. longisvoroflavus

for growth. Citrate (§, niveus, Kominek, 1972) and glycerol

(§, Clavuligerus, Aharonowitz and Demsin, 1978) have both been

reported as being the favoured carbon source, whilst Chatterjee and
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Vining (1981) report repression oféi)— glucosidase by Krebs

cycle acids in 3. venezuelse, despite the ineffectiveness of

glucose, mannose, and other carbon sources known to support a

fast rate of growth.

However, care should be tzken when drawinz comparisons between the
repression of an inducible catsbolic enzyme and control of antibiotics
synthesis, since Chatterjee and Vining (1982,b) showed that whilst
glucose depressed induction of B glucosidase by cellobiose, cultures
of 5. venezuelae using glucose, ceilobiose or a mixture of the two
saccharides, as their carbon source produced chlorammphenicol during growth.
Therefore in contrast with its revressive effect on B - glucosidase
induction, glucose did not suppress chloramphenicol production,
indicating that the control mechanisms thet establish c:rbon source
preferences are not linked to those that resulate antibiotic biosynthesis
in 3. venezuelse, Chatterjee and Vining, 1932 b.

Further evidence in supnort of the conclusion drawn from the maximum
yields of M139603, comes from examinaticn of the graphs for

M139603 production (Figures 1 to 7,.

Firstly if one considers the curves for flasks containing an initial
carbon concentration of 104, an indication of the rate of 11039603
production can be obtained by measuring the slopes of each curve
between two standard poinis. Thus the slopes for 1U% Glucose,
Cellobiose, Maltose and Starch (betwsen 2 and 7 gl_l, #139603

L 139603 are 0.735, 0.735,

concentration) ~.ud Sucrose (3 and 7 gl
0.746, 0.751 and 0.656 respectively (calcul-tiions not shown}.

is can be ssen these values are very close, indicafing that the rate

of production of #139603 betwesen 2 -nd T gl_l (3 and 7 gl"l, for Sucrose)

is similar for each carbon ssurce. Differences in the maximum yield

come sbout due to differences in the rate, and duration of antibiotic
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synthesis before and after the period of exzamination. If carbon
catabolite repression was involved in the control of 1139603
biosynthesis, then the rate of production of M139602 in media
containing rore complsx carbon sources (for example, Starch and
Cellobiose) woulé be higher than that for Glucose. This evidently
is not the case since nof only did the 10% glucose flasks produce
the highest titre of antibiotic, but they also reached their
maximum yvield 48 hours before the 10% Cellobiose flrsks, which were
responsible for the second hishest titre of #139603.

It should be noted however thst the differences bet.cen the titres
obtained from the 1C% glucose, 10% Cellobiose, and possibly the

10% laltose fl~asks could be accounted for by differences in the
inoculum used to inoculate each batch of flasks. Since growth

of 5. lonyisporoflavus in shzke flasks is based on a single stage

shake flask inoculum procedure using a complex medium (see Materials
and llethods), standerdisation of the inoculum in terms of
physiological state, growth rate and dry weight is impossible.

This problem is largely overcome in the inoculum dévelopment procedure
used in fermentor siudies (see Materials wnd Hethods) since it is
possible to measure growth rate by analysing CO2 evolution from the
seed fermentor, and hence transfer an inoculum to the production
fermentor, when the optimum growth rate is achieved.

The rational behiﬁdlusing three concentr..tions of each carbon source
(except Cellobiose =nd Maltose, which could not be tested =t the lo:er
concentrutions at the time of experimentztion) is that if carbon
catabolite repression is involved in the regulation of 139603
synthesis then lower concentrations of the repressive substrate(s)
would result in higher yields and faster pfoduction rates, as is

the case with chloramphenical production by S. clavuligerus,
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when grown on a ronrte of media containing O, 0e2, Oud, 0.6 and 1.C%
v/v glycerol and 0.4% L aspararine, O.4% v/v zlycerol gave the best
volumetric titre of chloramphenicol by achieving a halance between
growth rate (to obtain a criticzl level of biomass) and specific
rate of chloramphenicol productions Hi~her concentrations of
glycerol, vielded = higher level of biomass but much reduced
gpecific antibiotic production 2nd hence lower volumetric titre
(actual concentration of antibiotic) whereas the converse was true
for lower concentrations of glycerol (Demain et al 1979).

From figures 1 to T it can be seen thit the only sugar to produce
higher levels of 139603 production in fl.:sks contzininz lower
initizal carbon concenirctions, was Fructose with figures of

1.23 (5%)and 0.99 &1t (10%) -

However, other observations on the state of the culture broth
(dats not shown), in that the mycelium cuickly formed large
pellets (in excess of 2 mm diameter, commonly an indication of

Stress in Streptomyces, P. Willis personal communication), whilst

the milou pro component of the medium became solublised and

chansed colour (indicating that this latter component was being
degraded), coupled with the very low titre in all three sets of
Fructose Tlasks lezds me to believe that the figures obtained

are not as a result of carbon catabolite repression, merely a
reflection of the inherent varisbility of shake flask culture.

The large variation in productivity, in respect to ML39603 synthesis
between the different carbons sources, cannot at this point be
explained, beyond saying that the differences come about due to

variations in the ability of 5. lon<isporoflsvus to utilize each

carbon source for srowth. However, no information is available on

the growth rate of 5. lonszisporoflsvus during any of the above

experiments, due to the inability to me-sure mycelial dry veight



throughout the exneriments becruse of the high levels of suspended

solids in the me:dium. Consernuently this is un are:z of wori: which nezeds to
be studied in more detail. weasurenent of growth rate could be uchieved
by meswsurement of total D1l in the culture broth. Jdnfortunately

such analysis was not posﬁible 2t the ftine of experimentztion.
Likewise,.nutrient utilisaticn witnin the culture brotn recuires more
detailed analysis’in order to wore fully understand the control of
i139603 synthesis. tgain analysis of =1l carbor source utilisation

for «ll the carbon sources other than glucose reguired detailed
biochemical anslysis, hence the lack of dita oun residusl carbon in

the medium except in the case of glucose.

i point of perticulzr interest from the =zbore shake flask experiments

was the very poor showin : of boith Lactose «nd Fruchose zs & sole carbon

source for 5. longisporoflavus.

Lactose metebolism in Streptomyces has been studied by & numoer of

vorkers (Sanchez and Hardisson, 1979; Chzterjee und Vining 1932 z).

As is the case with other organisms, for example B coli, ;3— galactosidase
in those Streptomyce species studied is =n inducible enzyme, however
differences occur in the mode of induction.  For example, in 5. griseus
ﬁ-—galactosidase ig induced by lactose but not D. galactose or some

other galactosides, Dan and Szabo, 1973; Vitalis and Szabo, 1978.

Sanchez and Herdisson (1979) revort thzt in S. violaceus galactose, in
concentrations higher than 2% w/v, forms the best inducer for ﬁ-galacto—
sidase. For Lzctese to act as zn efficient inducer of p-galactosidase

in 3. violaceus, recuires pre culturins in lactose containine mediun.

If like 3. violaceus, S. longisvoroflavus requires pre-culfuring on

lzctose before synthesis of4ﬁ zalactosidase cen occur, then this would
explain the poor results obtained from glucose.

The apparent inability of 5. lon<iisvoroflavus to metabolise fructose
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3 P

(as entioned above) efficientiy poses the cuestion of why this
should be. detsbolism of glucose wnd fructose in 5. aureofaciens

L

has been studied by Hevotna =mnd Hostslek (1985). Suszar vhosphates,

~

intermediates of c.rbohydr: te metabolism, crise in micro org.unisms
either b ths actlon of hexokinases after the entry of the sugar

into the cells or durias transport by :ction of the Phosphoenolpyruvate:
sugar whosphotransfer.se syste. (Fr35;.

Hovever, PIS has been rernorted as missing in 3. aureofacicns (Novotna

72]

O

and Hoztulek, 1935) and S. violsceoruber (Szbater 2t al, 1

Conseruently, entry of dructose into metabolism recuires thes zction
of specific Fructcokinonse zs h.os been renortzd in 3abzter et zl, 1972
»nd now Hovoine znd FHostalek 16535, It seems possible th~t the

apparent 1nability of 3. lonsisvoroflsvus to grow on fructose is due

to this orgsnism lickine & specific fructokinnse, hence fructose cannot

enter metabolism, zs this recuiras o phosnhoryloted intermediate.
snalysis of the hynothesis coulc be carried out by utilising the

3 T 1 7, - A 3 - .
metnods of Novotna snd Hostalek (1983) to prepzre cell free extracts of

Se lonsismoroflsivus -nd determine their zbility o produce fructose — 6 —

e

Vs
3
[0}
-

rnosphate, product of fructokinase—phosorhoenol pyruvate

phosphorylation sysiem.

Ths sbove conclusions drawn from the shike flisk experiments, with
resard to the anparent lock of involwement of carbon catobolite
repressicn in 129603 biosynthesis zre tentative conclusicns based upon

the results obtained from the sbove exveriments. Positive proof of the

involvement of czrbon cz reodressicn can only be determined by

further exvsrimentstion, such that, it can be shown that .ddition of the
repressive substrate to a medium prevenis biosynthesis of 139603 until
the concentraticn of thnat substrate is no longer inhibitive, and thzi
secondly, addition of the substrate to a culture already producing 139603

prevents further ¥129603 Uroaxc,lon by preventing the de novo SJnthesws
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of the key enzyme(s) of 1129603 bviosynthesis.
From the 1sb scale fermenter exveriments it con be seen thst the

. TG e T RGAC ] -1 . . . s
maximum yi-ld of ML2G603 wes 8 gl . This result is diseppointing
when one considers the yield obtzined from the same riedium in sheke
flask culture znd if one comp-ires the yield 1to th2t obtained by the

- . . i
standerd ICI vroduction medium, of 15 &1 ~.

3

No conclusions may be dreawn from this exneriment due to & l=ck of

data to compare ageinst this result.

Hoviever, one can try and draw comparisoss between the vields obtained

from medium conteining 104 glucose in shike fl:sk and lab scale

fermenter cu;ture. 4s. stated 2bove, with the methods used, (see
Materizls and Hethods) experiments at the lzb scale fermenter level

should involve less variztion due to the inoculum used, when compared

to experiments using sheke flegk culture. This 1s because the

inoculum development procedure used in lab scale fermenter experimentis
ensures, asuning a standard volume of inocilum is transfered, that the
inoculum used is as renroductadvle as possible since inoculum transfer

can ocour with, the inoculum cultures possessing the same (or very similar)

growth rate as mezsured by volumetric 002 production rate. Conversely

e, shake flask inoculum

shazke flask experimentvs utilize 2 single sitc
procedure, with no conirol over inoculum transfer timing other than the
A8 hour deadline.

As a conseguence of the above commentis it must be assumed that the factors
affecting the yield of 1139603 in the fermenter experiment occur once the
fermentor has been inoculated and that siven the same fermentation
conditions the yield would be of the same order as that zchieved, i.e.

8 gl—l. However the shake flzsk experiments if repeated could yet
.achieve 2 hisher yield of }139603 if the condition of the inoculum used
is closer to the (as yet unknown) optimmum.

Therefore it must be assumed that the failure to achieve the same level
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of production in the lab scale fermenter as in the shake flask

results, comes about due to differences in culiure conditions between
the fermenter and shike flasks.

Such differences include, different concentrsations of Milou pro in the
media, (2% Milou pro in shake flask medie, and.3% in the fermenter
medium, see materisls and methods), different Sterilisation procedures, and
differences in the physical environment. (for example optimum pH is
maintained in the fermenter, and differences occur in egitation and
zeration).

The concentrations of milou prro used in shake flagk and fermenter have
previously been determined as opiimum by ICI workers (un published data).
However, the carbon sources used were different to those used above and
80 1t is possible that the concentration of milou pro mey hove to be
altered in order to achieve hi-her yields with glucose as & carbon
source.

Ag can be seen frpm meteriazls and methods, the sterilisation procedure
are completely different, with the shalie flasks veing: autoclaved for
hzalf an hour, whereas medium for fermenters is autoclaved fcr 1 hour.
4lso because the production medium is sterilised in 1C L aliguots and

so hish temperatures are maintained for lonzer in the fermenter medium than
the shake flasks. Consequently heat lebile comwmonents of milou pro

mzy be broken down under ithe fermenter medium sierilisation conditions.
Agmain the sterilisation procedures have been determined previously.

revious work mzy need to be re examined as the

Hovever, asain the
standsrd ICI production medium also contains 10% starch, whcreas

the fermenter medium used in the zbove exneriment had its carbon

ccntent sterilised seperately. It could well be that the presence

of sterch in the medium absorbs a oroportion of the heat used tc sterilise

the medium, =nd thsat in the absence of starch this heat goss to the (_i>

milou pro, hence the comrosition of the milou pro after sterilisation



26

in the ICI standard production medium the fermenter medium used above,
and the sheke flésk medium is chemically different, hence the differences
in yield between the shszke flask and fermenter experiments.

Differences in the vhysical environment between the shoke flask and
fermenter experiments for two reasons. Firstly no control of

medium pH was used in shake flasks, whilst the fermenter maintained

medium pH at T.00. Secondly differences in the physical geometries

between the shake flasks and fermenter pot, coupled with different

modes of agitation and seration mean ithat no comparison may be drawn.

Finally, if the conclusions drawn zbove sre hald to be true then one

must ask what mechanism does conirol 1139603 biosynthesis. To consider

this one must draw comparisons with the control mechanisms known to regulate

the production of other polyether and macrolide antibiotics.

This would seem to be a reasonsvle comparison since it is known thet

macrolide and polyether antibiotics are both manufactured by assembly

of C2 and C4 acids using biochemical pathways that are analogous to the

fermentuation of fatty acids, Hutchinson, 1933.

In batch culture the fac.or that controls the onset of antibiotic

biosynthesis is probably the deficiency of one or more nutritional

growth limiting components, Martin and Demain 198C.

Control of initiation of antibiotic production often occurs at the level

of transcription of antibiotic synthetase genes or by interference with
translation of messenger Rili, iartin and Demain, 1930.

In the cose of candicidin (whose production characteristics closely

paraliel M139603, P. Willis personsal communication) there is some evidence
that repression is exerted at the level of $ranscription (Lirass et al
1977, Martin and Demain 1980) However, not all of the regulatory

mechanisms controlling antiviotic biosynthesis are exerted at 2 single
level (repression or inhibition). azain in the case of candicidin

production, phosphate exerts & conirol at two levels, since candicidin
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productiosn is repressed until vhosvhate in the medium is depleted and
secondly candicidin synthesis is inhibited by phosphate after the
synthetase hes been formed, Ilartin and Demain, 1976. To determine
whether 139603 is under similar control it is first necessary to
establish a ®fined medium which would maintain 139603 »roductior, and
then vury the conceniretion of phosvhate in the medium. Hoviever, ziven
the nutritional complexity of 139603 production medium, coupled with

a lack of knowledge as to the biochemistry of 3. longismoroflavus the

above would seem a difficult task.

As to carbon catebolite regulation, gziven the conclusions drawn avove,
carbon catabolite regulation could still be a factor in the regulation of
139603 production, and much more work is required before a decision can
finally be made. Azain usiny candicidia production as an example, glucose
exerts carbon catabolite regulation on candicidin production, which is
alevizated by feedingz glucose into the fermentation broth at a slow rate.
This method of bypassing carbon catabolite rezulztion since the molecular
mechanism of carbon catabolite resulation would seem to be associzted
with growth rate control of antiviotic synthesis. Hence feeding glucose
at 2 rate which meintains a growth rate non inhibitive to antibiotic
production mzy yet orove to be = method for incre:sing H1396C3 production
%S is the cose with Candicidin and Candihexin, Martin and Demain, 1980.
The nitrogzen content of 139603 production medium is also known to

have an =ffect on yield. Few studies hewve dezlt solely with nitrogen
metabolite regulation of antibiotic synthesis (#artin and Demain, 1980
but, seversl rerorts in the literaiure indiczte that antibiotic bio-
synthesis may be regulated by ammonia =nd other readily utilised nitrogen
sources, Martin and Demain 19803 Brana et al 1986. igain because of

the nutritional complaxity of mildu pro, deternination of the exact

method of control of 139603 synthesis by nitrogen will reguirve further

detailed study.
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Finally, one other mode of resul-tion of antibiotic synthesis, feed

back regul:tion, would also seem a likely control mechanism for

-M139603 prodiction.

Feed back regulation comes about due to the antibiotic molecules ithemselves

interacting allostefic&llj'with key enzymes in antibiotic synthesis.

" ixamples of antibiotics conirolled in this manner,; include cycloheximide,

Nystatin and Candihexin (iartin and Demein, 1980).
It would seem'hostrlikely however, thst control of M1396C3 production
is not mediated by & single example of the =bove mechanisms, but more

likely br a complex interaction of severzl of the =zbove.
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