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Identification of actinomycete genera

The genera of actinomycetes are separated primarily on mi-
croscopic morphological characters. Electron microscopy of
spores or biochemical analysis of cell walls are often used
to support the classification. The morphological character-
istics of different actinomycete genera are shown in Figure
1 and additional features of those found in hay or straw
are listed in Table 1. Confusion is most likely between
Thermoactinomyces and the white Thermomonospora isolates
and between Micropolyspora and some Actinomadura isolates.
Thermoactinomyces from hay (T. vulgaris) usually produce
colonies with a dense even growth of aerial mycelium with
refractile spores spaced along the aerial hyphae, whereas
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mushroom compost (Fergus, 1964), mouldy silage, dgrain, sug-
ar cane bagasse (Cross et al., 1968 (a)), and the air of
farm buildings (Lacey & Lacey, 1964).

It can be isolated on half-strength nutrient agar (Corbaz
et al., 1963) by incubating inoculated plates at 40°C or
60°C. Colonies are easily suppressed by large numbers of
spreading bacteria or Thermoactinomyces vulgaris. The colo-
nies are small, yellowish, sometimes with sparse white
aerial mycelium and grow well and characteristically on V-8
juice agar and yeast extract agar.

Substrate hyphae (0.5 - 0.8 am diameter) are branched and
penetrate the agar, forming compact orange-yellow to yellow-
brown colonies. Short chains of spores are formed on and
below the surface of the agar (Figure 2).

Rerial hyphae (about 1 jum diameter) are usually short and
tufted, and the chain of spores formed laterally and termi-
nally give a spiky appearance (Figure 3).

Spore chains are five to ten spores long and their ar-
rangement is shown well in 'Stereoscan' electron micro-
graphs (Figure 4). Transmission electron micrographs show
the spores are round to oval, with a smooth or irregular
surface, and 0.7 to 1.3 A long (Figure 5).

No melanin pigment is produced on peptone iron agar, but
a brown soluble pigment is sometimes produced. Growth oc-
curs between about 37°C and 60°C and is good between 40°C
and 55°C.

Thermoactinomyces (Micromonospora) vulgaris (Tsiklinsky,
1899) is widespread in soil, mouldy fodders, grain, mush-
room compost and other self-heating material (Cross et al.,
1968 (b)). It grows in hay in similar conditions to Micro-
polyspora faeni which it sometimes suppresses on isolation
plates. On half-strength nutrient agar at 60°C it produces
fast growing chalky white colonies with abundant aerial my-
celium. Fewer colonies grow at 40°C.

Substrate hyphae are 0.6 to 0.8 um diameter, branching
and penetrating the agar to form a flat spreading colony.
Spores are usually sessile and single along the sides of
the hyphae (Figure 6). The colony reverse varies from white
through to brown.

Aerial hyphae, about 1 um diameter, frequently branch
out from hyphae that grow up from the substrate mycelium
and then arch back into the agar. Spores form, as on the
substrate hyphae (Figure 7). The aerial mycelium is usually
white, but may develop a pink or buff tint.

Spores appear as angular silhouettes in transmission
electron micrographs (Figure 8) because of the network of
ridges over the surface that are seen better in 'Stereoscan'
electron micrographs (Figure 9) or carbon replicas. They
have a structure (Figure 10) and heat resistance similar to

Identification of acti

Species within some genera such as Nocardia are differenti-
ated by biochemical criteria, and others are identified by
morphological criteria. Genera occurring in hay and straw
are mostly represented by single species so that generic
identification is usually sufficient. Unfortunately Strepto-
myces is an exception, because over 700 names have been ap-
plied to Streptomyces species, although many are probably
synonyms. Type cultures of many species have been rede-
scribed recently using standard criteria (Shirling & Gott-
lieb, 1966, 1968 (a) , 1968 (b), 1969) . However, it is pos-

sible to classify isolates into sections or species using
four groups of characters:
1. Aerial mycelium colour. Seven colour serie
low, green, grey, red, iolet and blue)
Tresner and Backus (19¢ .
: ophore morphology. Are the spc chains straight to
ous (rectiflexib )+ hooked or looped (retinaculi-
aperti), in spirals (spirales) or in verticils (vertic
lati or Streptoverticillium)?
Spore surface features. Does the electron micrograph show
spores smooth, spiny, hairy or warty?
Is a black melanoid pigment produced on peptone iron agar
or similar media?

Details of these tests are given by Shirling and Gottlieb
(1966), and a c¢lassification using them by Hitter (1967).
Other criteria sometimes used are colour of the substrate
mycelium, soluble pigment production ability to use carbo-~
hydrates and temperature range. »

The Streptomyces species most common in hay can be de-
fined as follows: Streptomyces albus: Aerial mycelium white,

metimes showing pale shades of pink or yellow after incu-
bation at 40 spore chains in tight spirals; spores
smooth; melanin pigment not produced; growth better at 250C
than 40°C and none at 60°cC. Streptomyces griseus: Aerial
mycelium buff to pale yellow green (vyellow series); spc
chains straight to flexuous; spores smooth; melanin pigment
not produced; growth better at 250C than 409C and none at
600C.

Species implicated in farmer's lung and similar disease
Micropolyspora faeni (Cross, Maciver & Lacey, 1968), previ-
ously erroneously called Thermopolyspora polyspora (Corbaz
et al., 1963), is probably the most important cause of
farmer's lung disease (Pepys et al., 1963). It grows abun-
dantly in damp self-heating hay stored containing more than
35% water that has heated to 40-65°C (Festenstein, Lacey,
Skinner, Jenkins & Pepys, 1965). M. faeni has also been
isolated from lung biopsy material (Wenzel, Emanuel, Lawton
& Magnin, 1964), sputum (Moore in Lacey & Lacey, 1964),




Aerial hyphae are about 1 um diameter, short tufted with
spores formed on short sporophores laterally and terminally,
but are not always formed (Figure 15). When present aerial
mycelium is white, but usually autolyses in a few days to
leave the spores in a thick layer on the agar surface.

Spores are angular with a structure like that of a bacte-
rial endospore and similarly heat resistant (Lacey, 1971
(a)) .

Melanin pigment is not produced on peptone iron agar but
a yellow brown pigment is produced on some media.

Growth occurs from 35°C to 659C, and is best between 550C
and 60°cC.

Summary
Precipitins to four species of actinomycetes (Actinobifida
dichotomica, Micropolyspora faeni, Thermoactinomyces vul-
garis, Thermomonospora viridis) have been found in patients
with farmer's lung disease. Another species (Thermoactino-
myces sacchari) may cause the clinically similar disease
bagassosis. The characters of these species are described,
together with ways in which they can be differentiated from
other species that are often numerous in hay or straw.
Résumé
les patients présentant un poumon du fermi ] pré-
g nomycétes 2 dén rées (Actino-
“hotomica, Micropolyspora faeni, T actinomyces
qu'une

autre esp actinomyce >cha )i responsable
- ];I y -

= s trou-
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Zusammenfassung
Bei an Farmerlunge erkrankten Patienten wurden Prdzipitine
gegen 4 Aktinomycetenarten gefunden (Aktinobifida dichotomi-
ca, Mikropolyspora faeni, Thermoaktinomyces vulgaris, Ther-
momonospora viridis). Eine andere Species (Thermoaktino-
myces sacchari) ist mBglicherweise fir die Ba usis ver-
antwortlich. Die Eigenscha lieser Aktinomycete werden
beschrieben, und die M&glichkeit ihrer Unterscheidung von
den zahlreichen andern in Heu und Stroh vorkommenden Arten
diskutiert.
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bacterial endospores (Cross et al., 1968 (b)) and also re-
semble these in containing dipicolinic acid. The logarith-
mic death time at 100°C (DlOOO) is about 1 hour (Cross,
Walker & Gould, 1968 (b)). No melanin pigment is produced
on peptone iron agar.

Growth occurs between 35°C and 65°C and is optimum at
559C to 60°C.

Thermomonospora viridis (Schuurmans, Olson & San Clemente,
1956; Kister & Locci, 1964) (=Thermopolyspora glauca, Cor-
baz et al., 1963) forms characteristic blue-green colonies.
It is less thermophilic than Thermoactinomyces vulgaris and
M. faeni but grows with them in hay (Festenstein et al.,
1965) and also in grain, straw, sugar cane bagasse, peat
and soil (Kister & Locci, 1964; Lacey, 1971 (a,b)).

The substrate mycelium consists of branched hyphae 0.6 to
1.0 pm diameter penetrating the agar, but not deeply, and
producing few or no spores. The colony reverse is dark
blue-green although in some isolates this may be obscured
by a brown soluble pigment.

The bluish grey-green aerial hyphae (about 1 um diameter)
bear densely packed oval spores along much of their length
(Figure 11). The spores are usually formed singly, but
pairs have sometimes been reported (Kister & Locci, 1964)
(Figure 12).

The spores are oval, 0.8 - 1.3 x 0.6 - 0.8 Jm, with the
surface varying from smooth to warty or spiny (Figure 13).

Melanin pigment is not produced on peptone iron agar.
Growth occurs between 25°C and 60°C, but most isolates
grow best between 40°C and 55°C.

Actinobifida dichotomica (Krassilnikov & Agre, 1964) has
been isolated from soil and mushroom compost but not hay.

Substrate and aerial hyphae are 0.7 to 0.8 um diameter,
bearing single spores on dichotomously branches sporophores
(Figure 14). Colonies are pale to lemon yellow above, and
in reverse, lemon yellow to deep orange.

Spores are angular, resembling Thermoactinomyces vulgaris,
and have the structure and properties of bacterial endo-
spores (Cross et al., 1968 (b); Cross & Lacey, 1970).
Thermoactinomyces sacchari (Lacey, 1971) can cause symptoms
of bagassosis, a disease clinically resembling farmer's
lung. As yet it has been reported only from sugar-cane
bagasse. It grows poorly on half strength nutrient agar
but well on yeast extract agar at 55°C (Lacey, 1971 (a)).

Substrate hyphae are 0.6 to 0.8 pm diameter, branching
and penetrating the agar, on suitable media forming irregu-
larly ridged fast-growing colonies. Spores are formed lat-
erally on short sporophores (Figure 16). Colony reverse
colourless at first becoming cartridge buff with sporula-
tion.
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Micropolyspora faeni

Substrate hyphae and spores (1 : 650)
Aerial hyphae and spores (1 : 550)

Scanning electron micrograph of spores (1 :
Transmission electron micrograph of spores
(1 : 28,500)

Thermoactinomyces vulgaris
Spores on substrate hyphae (1 : 650)

Aerial hyphae and spores (1 : 1300)
Transmission electron micrograph of spores
(1 : 28,500)

Scanning electron micrograph of spores

(L : 33,600)

Sectioned spore (1 : 66,000)

Thermomonospora viridis
Spores on aerial hyphae (1 : 780)

Scanning electron micrograph of spores on
aerial hyphae (1 : 6,300)

Transmission electron micrograph of spores
(1 : 28,500)

Actinobifida dichotomica. Aerial hyphae and
spores (1 : 1,300)

Thermoactinomyces sacchari
Spores on aerial hyphae (1 : 650)
Spores on substrate hyphae (1 : 1,600)
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