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Abstract

The discovery of many new and beneficial compounds from strains of relatively neglected
actinomycete genera has stimulated the isolation and inclusion of non-streptomycete
actinomycetes into industrial screening programs. Selective isolation methods used for
wall chemotype IV actinomycetes need to be "target directed" so that this potential source
of novel isolates and metabolites can be further explored.

A genera specific isolation approach showed that Nocardia, Rhodococcus and the
amycolate wall type IV group of genera as grouped in recent numerical taxonomic studies
are heterogeneous.

Recent numerical taxonomic studies have produced extensive data on nutritional,
physiological and antibiotic sensitivity profiles of Nocardia , Rhodococcus and
amycolate, wall chemotype IV actinomycetes belonging to 15, 10 and 11 major (75-87.5%
Ssm similarity level) species-groups respectively. Information from these studies was
used as a logical basis for the formulation of new media, for the isolation of particular
species-groups of wall chemotype IV actinomycetes. A computer program was used to
select the most diagnostic characters for individual clusters within each numerical data
matrix and to indicate the degree of differentiation of particular species-groups. This
program highlighted nutritional or tolerance characters which could usefully be
incorporated into new media aimed at the isolation of particular species-groups.

Fifty one new media were designed for the selective isolation of eleven species-groups of
Nocardia , Rhodococcus and amycolate wall chemotype IV actinomycetes. The effects of
the new media were assessed, qualitatively and quantitatively, by comparing the growth
of a range of cluster representative strains on the new media and a control medium
(currently used for the isolation of the particular group).

Six new media, previously shown to be sufficiently selective in practice, were applied to a
mixture of soils from diverse habitats with the objective of isolating wall type IV and
other, non-streptomycete, actinomycetes. A full isolation procedure was used, this
included air-dried soils, dried spread plates, antifungal agents and streptomycete phage
to reduce numbers of bacteria, fungi and streptomycetes respectively. Two empiric
pretreatments were applied to further reduce bacterial growth; shaking the soil in 0.05%
sodium dodecyl sulphate (a membrane disrupting agent) at 37°C for 20 mins and drying the
soil for 4hrs at 45°C. The effects of these pretreatments on the microbes isolated from the
soil sample varied according to the constituents of the isolation medium used.

A total of 481 actinomycete isolates, from the treated and untreated soil mixture, were
selected from plates of the six new media and the control medium. These isolates were
tentatively identified to genus or genus-group level using chemical and morphological
features and phage typing. The six new media had different selective effects on the
actinomycete component of the soil mixture. At least 37 different types of actinomycetes
were isolated using the six new media and the control medium compared with only 11
types when the control medium was used alone. A greater variety of wall type IV and
other non-streptomycete actinomycetes were isolated from the same soil mixture by using a
battery of objectively devised selective isolation media.
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CHAPTER 1

General Introduction

Actinomycetes

Actinomycetes are bacteria which play both detrimental and beneficial roles in nature.
They can occur negatively as spoilage agents, pollutants and disease causing opportunistic
pathogens of humans, animals and plants. However, the positive aspects of these
organisms, as biological control agents of fungal diseases of plants and producers of useful
secondary metabolites, far outweigh their harmful activities. Biodegradation of certain
compounds by actinomycetes plays an intrinsic part in the recycling of materials in nature
and is also useful in waste removal. Actinomycetes are ubiquitous in the natural
environment, having been isolated from soil, seawater, rivers, lakes, freshwater, dung,
silage and other thermal environments. The versatility of these organisms for production
of secondary metabolites is well known. Recently discovered compounds from actinomycetes
include antibiotics, enzymes, immunomodulators, enzyme inhibitors, antitumour agents,
insecticides, herbicides, immunosuppressants, antiparasitic, antimycobacterial and
antiviral compounds (Demain, 1988).

Traditionally actinomycetes have been recognised as Gram-positive bacteria which
are characterised by the formation of branching filaments or hyphae. However, the
application of molecular biological techniques to microbial systematics has shown that the
possession or absence of branching filaments does not allow automatic entry to, or exclusion
from the order Actinomycetales. The powerful method of 16S ribosomal (r) RNA
cataloguing has shown that actinomycetes form a distinct evolutionary line that fuses with
a second phyletic branch which encompasses most of the remaining Gram-positive bacteria
(Stackebrandt & Woese, 1981a; Goodfellow, et al., 1988; Woese, 1987). Actinomycetes have
DNA which has a guanine (G) plus cytosine (C) content above 55 mol % whereas
endospore-forming, Gram-positive bacilli (Bacillus, Clostridium and Thermoactinomyces)
are characterised by relatively low GC values (<50 mol %). Based on their phylogenetic
diversity (according to chemical and 16S rRNA oligonucleotide sequencing data),

actinomycetes can be assigned to the eight aggregate groups (Goodfellow & Cross, 1984;



Goodfellow, et al., 1988). These groups are the Actinobacteria, Actinoplanetes,
Maduromycetes, Micropolysporas, Multilocular sporangia, Nocardioforms, Streptomycetes
and Thermomonosporas.

On the basis of physiology actinomycetes can be separated into two comparatively
large groups (Cross & Goodfellow, 1973). Fermentative forms of actinomycetes are often
associated with the natural cavities of man and animals but, the basic reservoir for the
much larger group of primarily oxidative organisms is the soil. The oxidative
actinomycetes contain diaminopimelic acid (DAP) in their wall peptidoglycan and have a
more intricate morphology than the fermentative group. This study is concerned mainly
with the oxidative and aerobic group of actinomycetes which include those which are
important in applied microbiology. Most aerobic actinomycetes can be assigned to one of
two morphological groups; nocardioform actinomycetes (Prauser, 1967 after Nocard, 1888)
which reproduce by fragmentation of all or part of their hyphae into bacilli or coccoid
elements giving rise to new mycelia, and sporoactinomycetes which exhibit a greater
morphological diversity that includes the formation of spores in or on definite parts of
their mycelium (Williams & Wellington, 1980). The term 'nocardioform’ (Prauser, 1967)
cannot be satisfactorily defined and does not imply that these organisms are closely
related. It is intended to bring together, informally, a number of organisms with a similar
facies (Lechevalier, 1989).

Following the discovery of the antibiotic actinomycin by Waksman and Woodruff,
(1940), isolation and screening of thousands of actinomycetes has been carried out by
pharmaceutical companies in the search for new strains capable of producing novel and
useful secondary metabolites. During the past 50 years two genera, Streptomyces and
Micromonospora, have shown an unmatched capacity for the production of antibiotics,
enzymes and enzyme inhibitors. Members of the genus Streptomyces are relatively easy to
isolate and lend themselves to inclusion into high throughput industrial screening
programs. Consequently methods for isolation of actinomycetes and screening programs
have tended to focus on species of the genus Streptomyces . More recently, the discovery of

many new and beneficial compounds from strains of relatively neglected actinomycete
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genera has stimulated the isolation and inclusion of non-streptomycete actinomycetes into
industrial screening programs. The isolation and selection of novel organisms which produce
useful metabolites is still an essentially random process and the supply of isolates
producing novel compounds is far from exhausted (Williams, ef al., 1984a). Recent studies,
to rationalise isolation, selection and identification procedures for streptomycetes
(Williams & Vickers, 1986), have proved the importance of devising "target directed"
isolation procedures. Broadening the scope of activities in screening programs is also

essential if we are to realise the full potential of actinomycete metabolites.

Recent publications indicate an upward trend in the discovery of new and potentially

useful compounds from a wide range of non-streptomycete, actinomycete genera (Table 1).

Table1 Examples of some recently described secondary metabolites and activities of
non-streptomycete actinomycetes.

Secondary metabolite Genus of producing strain Reference

Glucose isomerase Actinoplanes Linko, et al., (1979)

Sporaricin (antibiotic) Saccharopolyspora Iwasaki, et al., (1979)

Azureomycins (antibiotic) ~ Pseudonocardia Omura, et al., (1979)

Spiri-Nakagawa, et al., (1980)

Hygromycin (antibiotic) Rhodococcus Wakisaka, ef al., (1980)

Cholesterol oxidase Rhodococcus Cheetham, et al., (1980)

Mycinamicin (antibiotic) = Micromonospora Satoi, et al., (1980)

Serine from glycine Nocardia Tanaka, ef al., (1980)

Antitumour compounds Nocardia Tanida, ef al., (1980a, 1980b)

Antitumour compounds Actinomadura Tomita, et al., (1980)

Dactimicin (antibiotic) Dactylosporangium Shomura, et al., (1980)

Enol antibiotics Actinomadura Horan & Brodsky, (1982)

Mitogens Rhodococcus, Nocardia many (from Cross, 1982)

Steroid transformations

Nocardia, Rhodococcus

Phosalacine (herbicide, antibiotic

Peczynska-Czoch & Mordarski
(1984)

and antifungal agent) Kitasatosporia Omura, ef al., (1984)
Antitumour compounds Actinomadura Iwami, et al., (1985)
Acridins (antibiotics) Kibdelosporangium Shearer, et al., (1985)
Broad spectrum antibiotic Saccharothrix Labeda, et al., (1986)
Azaserine (antibiotic) Glycomyces Labeda, et al., (1986)
Glycopeptide antibiotics Saccharopolyspora Okazaki, et al., (1986)
Pyridomycin (antibiotic) Dactylosporangium Shomura, et al., (1986)
Polyether antibiotic Actinomadura Mertz & Yao, (1986)
Antibiotics Microbispora Rao, et al., (1987)
Mediocidin (antibiotic) Kitasatosporia Labeda, (1988)
Risticetin type antibiotic Kibdelosporangium Mertz & Yao, (1988)
Altromycin (antibiotic) Nocardia /IMicropolyspora  Jackson, et al., (1989)
Novel metabolites Saccharopolyspora Mertz & Yao, (1990a)




Several useful metabolites have been obtained from wall chemotype IV actinomycetes
including the micropolyspora group. Nocardia species have yielded nocardicins (Aoki, et
al., 1976), Amycolatopsis species have produced rifamycin derivatives, bistostetin,
ristostetin, vancomycin and vitamin B12, (Lechevalier ef al., 1986; Labeda, 1986),
Saccharopolyspora erythraea produces erythromycin and several metabolites have been
obtained from Pseudonocardia and Saccharopolyspora species (Table 1). Various enzymes
for the transformation of xenobiotics and for the utilisation of hydrocarbons have been
obtained from Rhodococcus and Amycolata species respectively (Peczynska-Czoch &
Mordarski, 1984). The micropolyspora group may be of special interest, as it includes a
variety of previously misclassified strains and appears to form a transition group between
Nocardia and Streptomyces (Lechevalier et al,, 1986; Henssen et al., 1987). The
nocardioform actinomycetes are widely distributed in soil and other habitats and they
offer a wealth of unexploited isolates since previous attempts to select and screen these
organisms have been relatively infrequent. The methods used for the selective isolation of
wall type IV actinomycetes need to be target directed so that this potential source of novel
isolates and metabolites can be further explored.

In the past there has been much confusion about the taxonomy of nocardioform
actinomycetes which have for many years been grouped together solely on morphological
grounds, even though they have never satisfactorily been distinguished from coryneform
bacteria on this basis (Bousfield & Goodfellow, 1976). It is now known that innumerable
morphological transitions exist between nocardioform actinomycetes, like Nocardia and
Rhodococcus, and coryneform bacteria, such as Arthrobacter, Cellulomonas and
Corynebacterium, which have a tendency to form branched elements (Locci & Sharples,
1984; Prauser, 1981a). In the current edition of Bergey's Manual of Systematic Bacteriology,
(Williams, ef al., 1989), Volume 4 is entirely devoted to the actinomycetes and 13 genera
are considered in Section 26, entitled Nocardioform Actinomycetes (Lechevalier, 1989).
This section does not include the coryneform bacteria or Mycobacteria but encompasses
genera which belong to the suprageneric groups of Actinobacteria, Streptomycetes,

Micropolyspora and Nocardioforms. Previous genera included under the nocardioform
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heading, such as Mycobacterium and Corynebacterium, are now excluded because they
contain mycolic acids which vary from those found in Nocardia, Rhodococcus andGordona
(Lechevalier ef al., 1973). Recent taxonomic developments in this group include the
proposal by Lechevalier, ef al., (1986) to create the two new genera Amycolata and

Amycolatopsis to accommodate those strains which were previously included in the genus
Nocardia but which lack mycolic acids. Modern methods such as chemical and numerical
taxonomy have led to a major revision in the classification of groups of bacteria where the
more traditional techniques, based on form and function, have proved ineffective. Current
knowledge suggests that many of the earlier classifications of coryneform and nocardioform
bacteria were artificial, had a narrow database and were consequently unreliable for the
identification of unknown isolates (Goodfellow and Cross, 1984).

Phylogenetic studies, based on reverse transcriptase sequencing of 16S ribosomal
ribonucleic acid of representative strains, have shown the genus Rhodococcus (Goodfellow
& Alderson, 1977) to be heterogeneous and the genus Gordona (Tsukamura, 1971) has been
revived by Stackebrandtet al., (1989) for the taxon containing R. rubropertinctus, R.
bronchialis and R. terrae. Two species which contain very long chain (68-76 carbon atoms)
mycolic acids, R. aurantiacus and Corynebacterium paurometabolum, have recently been
assigned to the new genus Tsukamurella (Collins, et al., 1988). The family
Pseudonocardiaceae was established by Embley, et al., (1988c), to encompass the genera
Actinopolyspora,Amycolatopsis, Saccharomonospora, Pseu&onacardia, Saccharopolyspora.
as well as Amycolata and Kibdelosporangium (Bowen, et al., 1989).

Mycolic acid containing and amycolate wall chemotype IV actinomycetes provide the
focus for this study as they are an important source of novel metabolites (Table 1) and
contain a number of medically important strains. The theoretical and practical

backgrounds to this study are discussed below.

Numerical and chemical taxonomy.
Numerical taxonomic methods have been successfully used to establish relationships

between actinomycetes at the subgeneric level. The theoretical basis and implications of



numerical taxonomic methods on the classification of actinomycetes have been described
previously (Sneath & Sokal, 1973; Goodfellow, ef al., 1985). Numerical taxonomy involves
the construction of a high information database, using a consistent set of methods for many
organisms, to construct phenetic groups. The phenetic properties (characters) of one
organism can thus be compared with those of others and strains can assigned to clusters on
the basis of overall similarity. Strains which share many common features, i.e. have a
high percentage similarity, will cluster together and a classification can be derived from
the groupings obtained. All features are initially given the same weighting and once
numerical classification has been realised then cluster specific properties can be chosen and
used, after reproducibility studies, to design identification schemes (Goodfellow & Cross,
1984). Similarities between strains from numerical classification studies can be distorted by
many factors (Goodfellow, et al., 1985) so, it is important to evaluate such classifications in
the context of affinities based on independent methods, such as those derived from
chemical, serological and molecular biological studies. Following numerical analyses,
strains which represent the whole range of variation within clusters should be examined
using more specific techniques that cannot readily be applied to large numbers of strains.

Chemical, serological, molecular biological and phage host range studies have been
successfully used to evaluate numerical classifications of actinomycetes by the analysis of
representatives of defined clusters (Goodfellow & Cross, 1984). Extensive numerical
taxonomic databases have been established for a number of actinomycete genera, including
Streptomyces (Williams, et al., 1983a, 1984c), Streptoverticillium (Williams, et al.,
1985b), Nocardia (Goodfellow, 1971; Kurup & Schmidt, 1973; Tsukamura, 1977; Tsukamura,
et al.,1979; Orchard & Goodfellow, 1980; Hookey, 1983), Rhodococcus (Tsukamura, ef al.,
1979; Goodfellow & Alderson, 1977; Rowbotham & Cross, 1977; Goodfellow, et al., 1982),
Actinomadura (Athayle, et al., 1985) and the amycolate wall chemotype IV (a-wclV or
micropolyspora) actinomycete group (Mattinson-Rose, 1986).

Chemical taxonomic methods such as determination of wall sugar, amino acid
composition and peptidoglycan structure (Becker, et al., 1964; Lechevalier & Lechevalier,

1970; Schleifer & Kandler, 1972) have provided an important basis for reinvestigation of
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the classification of actinomycetes and coryneform bacteria. Lipid analyses have also been
found to be of value for the classification of actinomycetes (Minnikin, et al., 1978; Minnikin
& Goodfellow, 1980, 1981). It is essential to grow cultures under standardised conditions
before undertaking comparative chemotaxonomic analyses of bacterial wall envelope
components (O'Donnell, 1986). However, the chemical composition of nucleic acids is not
affected by growth conditions and valuable data on the phylogeny of the actinomycetes
has been provided by nucleic acid base determinations (see Goodfellow & Minnikin, 1985a),
DNA-DNA reassociation studies (Bradley, 1973; Bradley & Mordarski, 1976; Mordarski,
et al., 1977a, b; Stackebrandt, ef al., 1981; Poschner, ef al., 1985; Zakrzewska-Czerwinska,
et al., 1988; Stanzak, ef al., 1990), and 16S rRNA cataloguing (Stackebrandt & Woese,
1981a, 19815; Fowler, et al., 1985; Collins & Stackebrandt, 1989; Embley, ef al., 1988b).

Simple qualitative analyses by TLC of wall compositions and whole organisms have
allowed for actinomycetes and related organisms to be classified into eight large groups or
wall chemotypes based on the limited distribution of a small number of wall components
(Lechevalier, ef al., 1973). Such analyses of wall diaminopimelic acid (DAP) and sugars
provided the first unambiguous evidence of a relationship between Corynebacterium,
Mycobacterium, Nocardia and Rhodococcus (Goodfellow & Minnikin, 1981), all of which
contain major amounts of meso-DAP, arabinose and galactose, i.e., they all have a wall
chemotype IV (sensu Lechevalier & Lechevalier, 1970). The peptidoglycans of wall
chemotype IV actinomycetes vary structurally in their muramic acid acyl groups, with
those of Mycobacterium, Nocardia and Rhodococcus being N-glycosylated and not
N-acetylated as with Corynebacterium sensu stricto and most other actinomycete, including
the micropolyspora group (Goodfellow & Cross, 1984; Lechevalier, et al., 1986).

The cell wall envelope lipids of actinomycetes and their structural variations provide
another source of taxonomic data (Minnikin, ef al., 1978; Minnikin & Goodfellow, 1980).
The long chain fatty acids of actinomycetes fall into two broad groups, the hydroxylated
and nonhydroxylated types (detected using GLC and two dimensional TLC respectively).
Polar lipid patterns of the latter, have proved to be of value in the classification of

actinomycetes (Lechevalier et al.,, 1977, 1981; Minnikin & Goodfellow, 1978) and
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coryneform bacteria (Minnikin ef al., 1978). Polar lipid data needs to be examined with
care, as the properties of individual lipids can be influenced by subtle changes in the
growth environment (Minnikin & Goodfellow, 1981). The characteristic isoprenoid quinone
type found in actinomycetes and coryneform bacteria are the 2-methyl-3-polyprenyl
-1,4-napthoquinones or menaquinones (Collins, ef al., 1985). Menaquinones can be detected
by reverse phase TLC (Minnikin, ef al., 1984) or mass spectroscopy (Collins, et al., 1977) and
their chemotaxonomic value lies in the variation of the number of isoprene units and
hydrogenated double bonds (Collins, et al., 1985; Embley, et al., 1986, 1988a; Kroppenstedt,
1985; Minnikin, et al., 1984).

Long chain 2-alkyl-branched-3-hydroxy-acids or mycolic acids are found in some, but
not all, weIV actinomycete genera and are readily detected by TLC methods (Minnikin et
al., 1980). Nocardia, Rhodococcus and Gordona contain nocardomycolic acids (NMA), free
mycolic acids with chain lengths of between 34 and 66 carbon atoms which are soluble in
ethanol:diethyl ether (1:1), whereas the Mycobacteria contain mycolic acids with a
higher molecular range (70-90 carbon atoms) which are relatively insoluble in
ethanol-diethylether mixtures (Alshamaony, et al., 1976). Presence or absence of NMA can
be used to differentiate between Nocardia, Rhodococcus, Gordona and the micropolyspora
group respectively (Minnikin & Goodfellow, 1980). Wall type IV strains containing NMA
characteristically have straight chain saturated and unsaturated fatty acids (Minnikin, et
al., 1978; Minnikin & Goodfellow, 1980) and strains lacking NMA contain large proportions
of branched chain iso- and anteiso- fatty acids (Kroppenstedt, 1985).

The amelioration of actinomycete systematics in recent times has been due to the
development and application of simple, rapid and reliable biochemical, chemical and
molecular biological techniques. Computer-assisted numerical taxonomic procedures are
being used to manage the large amounts of quantitative data generated by many of these
new techniques (Goodfellow, et al., 1985). The application of chemical methods has
profoundly influenced developments in actinomycete systematics at the sub and
suprageneric levels. Contemporary actinomycete classification now provides a sound basis

for the detection and identification of novel and useful species and genera of actinomycetes.
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Genera of interest in this study.

Wall chemotype IV (wclV) actinomycetes are widely distributed in the soil
environment and may offer a wealth of commercially unexploited isolates. Thus,
Nocardia, Rhodococcus, Gordona, Tsukamurella and the Pseudonocardiaceae family of
amycolate, wall chemotype IV (a-wclIV) actinomycetes were of interest in this study.

Some differentiating chemical properties of wall type IV genera are shown in Table 1.1.

Table1.1 Wall chemotype IV actinomycete genera of interest and some differentiating

chemical properties.®
Genus Mycolic acids Major menaquinone®  Phospholipid type®
(no. of carbons) (MK)
Nocardia 46-60 MK-8 (Hy), 9 (Hjp) PII
Rhodococcus 34-52 MK-8 (Hj), 9 (Hj) PII
Gordona 48-66 MK-9 (Hj), 8 (Hp) PII
Tsukamurella 68-72 MK-9 PII
Pseudonocardia absent MK-8 (Hy) PIII
Saccharopolyspora absent MK-9 (Hy) PIII
Saccharomonospora absent MK-9 (Hy) PII
Amycolatopsis absent MK-9 (Hp, Hy) PII
Actinopolyspora absent MK-9 (H4, Hé) PIII
Amycolata absent MK-8 (Hy) PIII
Kibdelosporangium absent ND PII
Key
* Data from Lechevalier, ef al., (1986), Bergey's Manual of Systematic Bacteriology,
Volume 4, (Williams, ef al., 1989) and Stackebrandt, et al., (1988).
1+ abbreviation exemplified by MK-8 (Hj), menaquinones having two of the eight

isoprene units hydrogenated.

o Characteristic phospholipids: PI, phosphatidylglycerol (variable), PII,
phosphatidylethanolamine, PIII, phosphatidylcholine (with
phosphatidylethanolamine, phosphatidylmethylethanolamine and
phosphatidylglycerol variable, no phospholipids containing glucosamine).

The isolation and selection of novel organisms which produce new and useful compounds is

still an essentially random process and thus the supply of such isolates is far from

exhausted (Williams, ef al., 1984a). The importance of devising 'target directed’ isolation
procedures has been proved by recent studies to rationalise procedures for isolation,
selection and identification of streptomycetes (Williams, et al., 1983b, 1983¢; Williams &

Vickers, 1986). Wall type IV actinomycetes have a demonstrated ability for the

production of useful metabolic compounds (Table 1) and need to be explored further.



Numerical taxonomic databases for the aforementioned actinomycete groups provide a
wealth of information which can be accessed by computer and used to devise and evaluate
selective isolation procedures. The ultimate aim of this project was to develop new and
objective methods for the preferential isolation of particular, species-groups of wclV

actinomycetes.

Selective isolation

It is now essential to develop new and more objective isolation procedures in order to
improve the biological quality of screened organisms. In the past, most selective isolation
media have been developed on a purely empirical basis without regard to nutritional and
growth requirements or tolerance properties of the organisms under investigation
(Williams, ef al., 1984a). Given recent improvements in classification and identification of
some bacterial groups, it is now possible to devise selective isolation media on sound
objective criteria and to identify accurately the strains thus isolated. Differences in the
nutritional, physiological and antibiotic sensitivity profiles of the various actinomycete
groups can be exploited for the isolation of particular taxa from natural habitats. An ideal
resource for the formulation of new selective isolation procedures are the existing numerical
taxonomic databases which contain extensive information on the nutritional and growth
effecting properties of particular taxa.

The five stages of selective isolation, listed below, are by no means exclusive and
selectivity can be introduced at each stage.
1. Selection of sample from the macro- or micro- environment.
2. Pretreatment of sample.
3. Growth on laboratory isolation media.
4. Incubation conditions.
5. Colony selection and purification.

The primary reservoir of most actinomycetes is the soil (Williams, et al., 1984b).
Nocardia, Rhodococcus, Gordona and the a-wcIV genera, of interest in this study, are

widely distributed in nature and strains have been isolated from soil, fresh water and from
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the gut contents of blood-sucking arthropods, with which they may form a symbiotic
association (Cross, et al., 1976). Tsukamurella strains have been isolated from human
sputum and the mycetomes and ovaries of bed bugs (Collins, ef al., 1988). The aims of this
study are to obtain new, as yet undiscovered, strains of wclV actinomycetes which are
likely to produce novel metabolites. To this end it is advisable to examine samples from
diverse habitats. The choice of natural materials, such as soils, may be based on the
assumption that samples from widely different locations are more likely to yield novel
isolates and therefore, hopefully novel metabolites. Little information is available on the
geographical or ecological distribution, between macro- or within micro-habitats, of the
saprophytic and relatively unspecialised actinomycetes. Alternatively, the search may be
directed towards habitats in which the microbial populations are adapted to relatively
extreme environmental pressures (Williams & Wellington, 1982b). Habitats, such as the
soil, may not yet have yielded all their microbes, but when a neglected environment is
'opened up' it usually provides novel isolates. Many habitats have been totally ignored or
received little attention, for example, our knowledge of marine microbial populations in
general is still limited. To examine samples from diverse habitats, media and incubation
conditions have to be adapted to facilitate the isolation of acidophilic, alkalophilic,
neutrophilic, mesophilic, psychrophilic, thermophilic and osmophilic strains. For this
project the extensive soil sample collection of Glaxo Group Research Ltd., Greenford, UK.
was utilised.

Sample material may be treated in various ways to increase the chances of isolating
the desired microbes. Any pretreatments that allow the selective isolation of an
actinomycete component normally found to be rare or absent in soils is worth exploring
further. Enrichment procedures attempt to mimic conditions in the environment and
stimulate growth of microbes which exist in low numbers in the habitat or which have
specific growth requirements. Other methods aim to reduce or eliminate competing
microbes in a sample, by applying selective pressures, and thus to increase the proportion of
selected microbes in a sample. The major factors involved in selective stimulation of

growth are nutrition, pH, aeration, temperature and light (Starr, et al., 1981). It may be
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preferable sometimes to reduce or eliminate the unwanted microbes in the sample and it can
be effective to use a particular factor to which the isolates being sought have an extreme or
differential tolerance. Heat treatments have been successfully used to isolate a variety of
actinomycete genera (Williams & Wellington, 1982a, b; Cross, 1982), but the physiological
basis of the differential responses is not clear.

In order to isolate actinomycetes from natural habitats it is necessary to eliminate or
reduce the growth of other bacteria or fungi on selective isolation media, without
adversely affecting the target organisms. Selectivity may be enhanced by chemical or
physical pretreatment of material or propagules in suspensions prior to plating onto
selective media. Actinomycete spores are relatively resistant to desiccation, so that
simply air-drying soil samples will significantly enhance recovery of spore-forming taxa.
Resistance to desiccation is often accompanied by some degree of heat resistance; dry soils
can be heated to over 100°C to reduce the numbers of unwanted bacteria. Many actinomycete
propagules, both spores (e.g. streptomycetes) and hyphal fragments (e.g. rhodococci), are
more resistant to heat than vegetative cells of Gram-negative bacteria. It may be possible
to design taxon-specific heat pretreatment regimes as some actinomycetes vary with respect
to their heat sensitivity profiles (Goodfellow & Simpson, 1986; Goodfellow & Williams,
1986). Some examples of chemical, physical and biological pretreatments applied in the
isolation of actinomycetes are shown in Table 1.2.

Sea water contains very low numbers of actinomycete propagules (Okami & Okazaki,
1972) and centrifugation of such samples, prior to filtration, concentrates cells within a
sample. Filtration through a 0.45um pore size filter is routinely used to concentrate cells
from water and the type of filter used significantly effects the number of colonies that
subsequently develop when the filter is placed onto the surface of a nutrient medium.

Spores of thermophilic actinomycetes in deteriorated hay and other plants are
removed efficiently by agitation in air using a wind tunnel (Gregory & Lacey, 1963; Lacey &
Dutkiewicz, 1976a) or a simple sedimentation chamber (Lacey & Dutkiewicz, 1976b). Air is
then impacted onto plates of appropriate medium in an Andersen sampler (Andersen, 1958;

Goodfellow & Williams, 1986).
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Table 1.2 Examples of selective pretreatments applied for the isolation of particular
genera of soil actinomycetes.

Treatment

Predominant isolates

Reference

PHYSICAL
Heating
40°C /2-16hrs.

550C /6mins.
wet heat

60°C /40mins.
100°C /15mins.

100°C /1hr.

120°C/1hr

Drying

Air-drying of soils

Streptomyces spp.

Rhodococcus coprophilus
Nocardia asteroides

Micromonospora spp.
Actinomadura spp.

Microbispora spp. and
Streptosporangium spp.

Microbispora spp.

Streptomyces

Centrifugation (usually before filtration)

Filtration

0.45um filter to
concentrate cells

in water samples.

Agitation
Wind tunnel
Sedimentation
chamber

Ultrasonication

Streptomyces

Frankia

Streptomyces spp.

Micromonospora spp.

Thermoactinomyces

Thermoactinomyces spp.

Thermoactinomyces spp.

Actinomycetes

13

Williams, et al. (1972).

Rowbotham & Cross, (1977),
Orchard, (1978).

Goodfellow & Haynes, (1984).
Athayle, et al. (1981).

Nonomura & Ohara,
(1969).

Nonomura & Hayakawa, (1988).

Williams, et al., (1972).

Rehacek, (1956),
El-Nakeeb & Lechevalier, (1963).
Okami & Okazaki, (1972).

Baker, et al., (1979),
Reibach, et al., (1981).

Okami & Okazaki, (1972).
Goodfellow & Simpson, (1986).

Burman, et al. (1969).
Al-Diwany, et al. (1978).

Gregory & Lacey, (1963),
Lacey & Dutkiewicz, (1976a).

Lacey & Dutkiewicz, (1976b),
Williams & Mayfield, (1971).

Vickers, (1990).



Table 1.2 (continued)

Treatment Predominant isolates Reference

CHEMICAL

Spore activators

Yeast extract 6% Actinomycetes Nonomura & Hayakawa, (1988).
Germicides

Sodium dodecyl Actinomycetes Nonomura & Hayakawa, (1988),
sulphate 0.05% at Vickers, (1990).

40°C /20mins.

Phenol 1.5% /30mins  Microbispora spp. Nonomura & Hayakawa, (1988).

(after dry heat
at 120°C for 1hr).

BIOLOGICAL

Addition of non-streptomycete Kurtboke, (1990).
polyvalent actinomycetes

streptomycete

phage mixture
to soil suspensions.

The so called baiting techniques have been used to isolate Nocardia and Rhodococcus
strains from soil (Schaal & Bickenbach, 1978) but, they merely indicate the presence or
absence of organisms in a sample. These methods involve the introduction of solid substrate
(paraffin wax) into the soil or water sample; this is then removed for examination and
plating after it has been colonised. Nutrient enrichment prior to plating by addition of
solid substrates, e.g. chitin to the soil or by perfusion with soluble nutrients, has been used
infrequently (Williams, ef al., 1984a).

Recently, Kurtboke, (1990), used a mixture of polyvalent streptomycete phage , added
to soil suspensions prior to plating, to selectively reduce the development of members of this
genus on isolation plates. Actinomycete phage are specific to generic or chemotaxonomic
groups (Wellington & Williams, 1981; Prauser, 1984) and thus polyvalent streptomycete
can be used to reduce the numbers of fast growing streptomycetes on isolation plates. This
practice may allow for the growth of other, more rare, actinomycete genera. The method is

simple and could be applied to other isolation targets, such as the reduction of Nocardia
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and Rhodococcus strains or competing Bacillus species on isolation plates.

The most interesting and significant advances in recent years have been made in the
area of selective media. The sensitivity of an isolation medium can be influenced by its
nutrient composition, pH and by the addition of selective inhibitors. Incorporation of
antifungal agents such as actidione and nystatin into isolation media is essential when
dealing with most soils; such antibiotics are not active against actinomycetes. The
inclusion of antibacterial agents will slightly or even drastically reduce the number of
actinomycetes recovered from soil samples, but this can reveal the more resistant strains of
species or genera normally present in small numbers which are invariably outcompeted by
associated microbes on isolation plates (Nolan & Cross, 1988). It is difficult to devise
combinations of antibiotics which are completely selective for a diversity of bacterial
species even within one genus (Williams & Davies, 1965). Suitable selective agents can be
discovered accidentally or be revealed in numerical taxonomic studies. It is advisable to
dry the isolation plates, as free moisture on the surface of agar encourages the growth and
spread of Gram-negative bacteria which can significantly reduce the germination and
subsequent outgrowth of actinomycete cells. When the spread plate technique is used it is
good practice to dry the agar surface further (Goodfellow & Williams, 1986).

Drying of soil samples combined with mild heat pretreatments and selective media can
yield isolation plates, with many well separated actinomycete colonies, which are
suitable for high throughput industrial screens (Cross, 1982). If the aims of the isolation
are made more restricted, antibiotics or other inhibitors which are tolerated by the
selected actinomycetes can be chosen. Thus, four antibiotics in diagnostic sensitivity agar
(DSTA) provided an efficient system for detecting Nocardia asteroides in soil (Orchard &
Goodfellow, 1974; Orchard, et al., 1977). An isolation plate carries a variety of bacterial
colonies growing in intense competition, modification of the medium can influence the
growth of several species which in turn can stimulate or discourage the growth of others
(Nolan & Cross, 1988). The selectivity of any medium will thus be emphasised or
moderated by the mix of species, which are able to grow, in the sample placed upon it.

Improved selective isolation media based on the nutritional, physiological and antibiotic
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sensitivity profiles of actinomycetes and improved colony selection techniques should assist
the discovery of new species of industrial interest.

The main incubation variables are temperature, aeration and light; the selection of
optimal conditions is based on knowledge of the laboratory or natural requirements of a
microbe (Williams, ef al., 1984a). Actinomycete isolation plates are generally incubated at
25-30°C, the major variable is the length of the incubation period before colony selection.
Neglected temperatures of incubation and longer incubation periods may yield rarer species
that produce novel compounds. Mesophilic taxa such as Nocardia can be selected at 7-14
days and will grow in the temperature range of 15-37°C; some strains may grow at higher or
lower temperatures. The early growth of some species can modify the nutrient environment
of the isolation plate by supplying growth factors, such as siderophores, or by reducing the
concentration of toxic compounds.

Frequently the most crucial stage in the isolation of an actinomycete is its recognition
and transfer to axenic culture and, colonies are often selected by using a stereomicroscope.
Colonies can be selected at random or chosen on the basis of some morphological features
but, very few taxa can be recognised with any degree of certainty on a primary isolation
plate. The use of highly selective media may enable isolation of a higher proportion of a
particular taxon but some of these media may make isolation difficult by not allowing the
colony morphology of selected strains to be fully expressed.

The potential for antibiotic production may be assessed by overlaying colonies on an
isolation plate with a single test organism. Alternatively, colonies can be replica plated
and studied against a range of test strains (Williams & Wellington, 1982b). The risk of
contamination is present with both of these methods and there is a need for more efficient
techniques for the selection of strains which may produce interesting metabolites. It is now
possible to incorporate known metabolite precursors in the isolation medium thus making
selection of colonies producing novel compounds easier. Genus specific enzymes may be
elaborated using chromogenic or fluorogenic substrates for recognition of colonies of known or

novel antibiotic producers on isolation plates (Goodfellow, et al., 1987a, 1987Db).
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Use of numerical taxonomic databases for selective isolation of industrially important
actinomycetes.

Although the genus Streptomyces is the most prolific producer of new antibiotics, it is
becoming increasingly important to include novel and rare strains from other actinomycete
genera into industrial screening programmes. The realisation that useful metabolites were
produced by a taxonomically diverse range of actinomycetes (Table 1) stimulated interest in
the development of better procedures for the isolation of uncommon strains (Nolan & Cross,
1988). Objective isolation strategies, designed to isolate particular groups of antibiotic-
producing actinomycetes, are needed in order to provide a better quality of biological
material for screening programmes. The multiplicity of approaches to the selective
isolation of actinomycetes (Cross, 1982; Williams & Wellington, 1982b; Wellington &
Cross, 1983; Williams,ef al., 1984a; Nolan & Cross, 1988) show that differences in the
nutritional, physiological and antibiotic sensitivity profiles, of different actinomycete
groups, can be exploited for the isolation of particular genera or species-groups from natural
habitats.

Numerical taxonomic studies provide detailed information on the physiological and
growth requirements of micro-organisms. Such studies provide a logical basis for the
development of new methods for the selective isolation of microbial groups of commercial
interest. Extensive numerical taxonomic databases are available for Nocardia
(Goodfellow, 1971; Tsukamura, e al., 1979; Hookey, 1983), Rhodococcus (including Gordona;
Goodfellow & Alderson, 1977) and the a-wcIV group of actinomycetes (Mattinson-Rose,
1986) which are of interest to this study. Such databases provide an ideal source for the
formulation of new isolation media; they provide a considerable amount of information on
the nutritional requirements of actinomycete species and genera and can indicate which
species-groups have a higher resistance to certain antibiotics. Possible methods for
reducing the numbers of commonly isolated actinomycete genera on isolation plates, to
reveal rarer actinomycete genera, are suggested by numerical taxonomic studies.

Visual scanning of sorted numerical taxonomic databases has been used to find suitable
selective agents for isolation of several actinomycete groups (Goodfellow, 1988). Thus, the

use of tetracyclines in diagnostic sensitivity test agar for the isolation of Nocardia
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asteroides was based on numerical phenetic and antibiotic sensitivity studies (Orchard &
Goodfellow, 1974). The development of new media can be assisted by the application of the
DIACHAR computer program (Sneath, 1980a), which selects the most diagnostic
characters for individual clusters within a numerical taxonomic data matrix. In this
program, the highest diagnostic scores are given by characters which are consistently
positive or negative for species of one major cluster when compared with those of all the
other numerically defined taxa studied. This approach was used by Vickers ef al. (1984;
Vickers, 1985) to select against strains of the frequently isolated species-group
Streptomyces albidoflavus, so that rarer species of streptomycetes would develop more
readily on plates of the selective medium. A limited number of soils were sampled in this
study and the resulting isolation plates showed that it was possible to increase the numbers
of particular species and decrease the m.lmbers of others. This result was not shown with all
of the soils tested and the numbers of other, non-targeted, species increased or decreased in
an unpredictable manner. However, the use of such media, with the chance combination of
selective pressures generated by the medium and the favoured colonies will occasionally
allow the growth of rare species or genera present in soil samples (Nolan & Cross, 1988).
The DIACHAR program (Sneath, 1980a) can be used to highlight those characters of
use in media for the isolation of particular species-groups of Nocardia, Rhodococcus
(including Gordona ) and a-wclV actinomycetes. New media formulated in this way need
to be evaluated by accurate identification of the strains thus isolated. Ideally, isolates
obtained on control and new media can be identified using a computer probability matrix
and identification program, both designed using a sound classification with a high
information content. In the absence of such identification matrices, isolates can be
identified using phenetic and chemical criteria. Comparison of the results obtained in this
way with information in the original numerical, taxonomic data matrix can determine
whether observed differences in numbers of a major cluster on new media, as opposed to
those on the control medium, are due to selection effects of medium constituents or to the

effects of competition.
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