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Various pretreatment procedures and selective media were applied to assess the optimal conditions for
the isolation of rare actinomycetes from soil. Pretreatment of wet-heating for 15 min at % and phe-

nol treatment of soil suspension were the most effective methods for the isolation of those micro-
organisms. Hair hydrolysate vitamin agar (HHVA) was the most suitable medium for the recovery of
rare actinomycetes. Thirty-five rare actinomycete strains were chosen using selective isolation
approaches, then morphological and chemical properties of the isolates were determined. The isolates
belonged to one of the following genudicromonospora, Microbispora, Actinoplaneand Streptospo-
rangium.
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Actinomycetes are widely distributed in natural and resistance to wet or dry heat than the corresponding veg-
man-made environments, and play an important role inetative hyphae. Subsequently, employing pretreatments of
the degradation of organic matter. They are also wellsoil by drying and heating stimulated the isolation of rare
known as a rich source of antibiotics and bioactive mol- actinomycetes (9, 18). An alternative approach was to make
ecules, and are of considerable importance in industrythe isolation procedure more selective by adding chemicals
When conventional isolation techniques were applied,such as phenol to the soil suspension (6, 19). Many act-
most of the isolates recovered on agar plates have beeinomycetes have shown multiple resistance to wide ranges
identified as genustreptomyceswhich are the dom-  of antibiotics. Several antibiotic molecules were used in
inant actinomycetes in soil (7, 12, 18). For the purposeselective medium to inhibit the competing bacteria includ-
of screening novel bioactive molecules, several factorsing fast-growing actinomycetes (21). Specialized growth
must be considered: choice of screening source, premedia were developed to isolate specific actinomycete gen-
treatment, selective medium, culture condition, and rec-era. Macromolecules such as casein, chitin, hair hydroly-
ognition of candidate colonies on a primary isolation sate, and humic acid were chosen as carbon and nitrogen
plate (18). sources of rare actinomycetes (1, 4, 5).

The role of rare actinomycetes as bioactive molecule Diagnosis of isolates on a primary isolation plate and
sources became apparent as these organisms providedcognition as a novel taxa was very important both for
about 25% of the antibiotics of actinomycete origin practical and taxonomical purposes. Until recently, bac-
reported during 1975 to 1980 (17). Rare actinomycetesterial systematics was based on the morphological and
have usually been regarded as strains of actinomycetebehavioral properties of microorganisms. Chemical infor-
whose isolation frequency by conventional methods ismation can be used at all taxonomic levels and it is likely
much lower than that of streptomycete strains. Consethat chemical properties will become an important part of
guently basic knowledge of the habitat, physiology and minimal descriptions of many genera and species of act-
productivity of molecules of rare actinomycetes gradually inomycetes (14, 15, 20).
increased. Ecologically significant properties of actino- In this study, we estimated the efficiency of pretreat-
mycetes were discovered, which made the screeningnent methods and selective isolation medium for rare
source expand into uncommon environments. actinomycete genera such Astinoplanes, Micromono-

The aerial spores of most actinomycete genera werepora, Microbispora,and StreptosporangiumThe iso-
found to resist desiccation and show a slightly higherlates were characterized with chemical technigques such
- as fatty acid profile, major menaquinone composition,
(TEI)) Vgg?&_?gggsgfgd(eggz %g?g'ﬂ%%_gggéessed cell wall diaminopimelic acid pattern, and whole cell
(E-mail) scnu@sunchon.ac.kr sugars pattern.




18 Seonget al J. Microbiol.

Materials and Methods refrigerated for further analysis. Diaminopimelic acid iso-
mers were determined as described in Sexing. (24).
Sampling and pretreatment of soil Acid hydrolysate of the biomass was applied on TLC

Soil samples were collected from the humus layer of for-plates and developed for 4 h in a solvent system con-
est soil on Mt. Baekun, Chonnam, Korea. Four different taining methanol-water-10 N HCl-pyridine (80 : 26.25:
pretreatment methods as described in Table 1 were carried.75 : 10, v/v). Dry plates were sprayed with a solution of
out in the first 24 h after sampling. ninhydrine in acetone (0.2%, w/v).

Selective isolation of rare actinomycetes Fatty acid analysis

Serially diluted soil suspensions were spread onto selecExtraction of fatty acids as their methyl esters were per-
tive isolation medium, and incubated for 4 weeks atformed by alkaline methanolysis (11). Fatty acid methyl
25°C. Starch casein nitrate agar (SCA), humic acid vita-esters (FAMES) were separated in a HP-1 capillary col-
min agar (HVA), hair hydrolysate vitamin agar (HHVA), umn (0.53 mm 1.D., 30 m length, 2.6& film) in a HP

and Bennet's agar (BA) were used for the selective iso5809A gas chromatograph (Hewlett Packard) equipped
lation of rare actinomycetes (1, 4,5, 23). Preliminary with a flame ionization detector. The temperature was
designation of rare actinomycete colonies were done byprogrammed to hold at 170 for 1 min, then to rise by
microscopic observation with a long working distance 5°C/min. Injector temperature was held at Z50and the
microscope (Labophot; Nikon). The criteria for classi- detector at 30C.

fication between streptomycete and rare actinomycete

strains were taken from previous works (6, 10, 18, 22). Whole cell sugar analysis

Single colonies were successively transferred onto glu-Whole cell sugars were extracted as alditol acetates (2),
cose yeast extract (GYE) agar and incubated until pureand were analyzed using a gas chromatograph (Hewlett
isolates were obtained. Spore mass and mycelium fragPackard 5809A) fitted with a flame ionization detector.
ments of the pure isolates were stored atGC38s glyc- Separation was achieved using a 0.53 mr80 m SP

erol (20%, v/v) suspension. 2380 (Supelco) fused silica capillary column. The tem-
perature was programmed to hold at’Bbr 2 min, then
Morphology to rise by 8C/min. Injector temperature was held at

Production of spore mass and its color, substrate myceliun250°C, and the detector at 3

color and production of diffusible pigment were detected on

the 21-day old cultures on oatmeal agar (19). Spore ornaQuinone analysis

mentation was observed by a scanning electron microscopéor theextraction of menaquinone, 50 mg of dried bio-
mass was treated with chloroform/methanol (2:1, v/v) by

Amino acid analysis shaking overnight (11). The extracts were concentiated

Chemical composition of the isolates were determined.vacuo using an electric aspirator, and cell debris was

Biomasses were obtained from liquid cultures in GYE removed by centrifugation. The solvents were evaporated

broth medium at 2& for 7 days, freeze dried, and kept completely, and the remnants were resuspended in hex-

ane. High performance liquid chromatographic separation

of the quinones was done with an ODS Hypersil column

(200 < 4.6 mm, particle size pm, Hewlett Packard) and

acetonitrile/tetrahydrofuran (70:30, v/v) as the mobile

Table 1. Recovery of microorganisms (CFU/g dry soil) on hair hydroly-
sate vitamin agar (HHVA) from soll

Pretreatment "€ 3%UN0-g o tomyces, O Fungi phase. The flow rate was 1 ml/min at@7and the detec-
mycetes bacteria
tor was a UV detector operated at 254 nm.
Control 3.2x 10¢ 28X 10 6.4x 10° 23X 10°
(2.7F (23.7) (54.1)  (19.5)
Control+Antibiotic§ 2.6< 10¢ 21X 10 3.4 10° 3.7x 10 . .
4.2) (343) (555  (6.0) Results and Discussion
Dryheat (108C), 1h 2.3< 10 24X 10° 6.4x 10° 24x 1 _ . .
2.5) (25.9) (69.0) 2.6) Isolation medium for rare actinomycetes
Air dry, 24 h 445 100 11X 16 54% 10 2.9 % 10° The dominance of other bacteria and fungal contami-
(2.5) (64.3) (315)  (L7) nation inhibited the colonization of actinomycetes on iso-
Wet heat (76C), 13x 106 1.8% 100 8.4x 10 lation medium. When antifungal agents such as nystatin
15 min (56.0) (7.8) (36.2) i (50 pg/ml) and nalidixic acid (2Qug/ml) were supple-
1.5% phenol 16< 10°  65x 100 22x 100 mented into the isolation medium, the number of fungi
(64.8) (26.3) (8.9) decreased. Thus, the isolation medium was supplemented
MNystatin (50 pg/ml) + Nalidixic acid (20pg/mi). with those antibiotics in succeeding experiments.

bPercentage. BA and SCA supported the growth of actinomycetes
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Fig. 1. Selective isolation of rare actinomycetes on starch casein nitrate agar (A), humic acid vitamin agar (B), hair hydatysatgait (C),
and Bennet's agar (D) with the pretreatment with 1.5% phenol.

including Streptomycesis well as fungi and yeast. The inhibited the fungal and bacterial colonies, thus the recov-
brown color of HVA made it difficult to discriminate the ery of actinomycetes, specifically, rare actinomycetes,

morphology of colonies. However, the numberSifep- increased up to 50% of the total microorganisms. Phenol
tomycesother bacteria and fungi decreased, allowing raretreatment of soil suspension lowered the number of fungi
actinomycete colonies to dominate on HVA. Rare act-and other bacteria, but the actinomycetes were less
inomycetes as well &Streptomycegrew well on HHVA. affected, thus 65% of the colonies belonged to rare act-
Although the growth rate of actinomycetes is low, dis- inomycetes (Fig. 2; Table 1). This effect was also sug-
crimination of typical morphology of colonies was easy gested in previous works (4, 6, 10).

on HHVA. Thus, for the isolation of rare actinomycetes, Rare actinomycetes were preliminarily selected from

HHVA is recommended (Fig. 1). HHVA by morphological examination. Categorization of
the colonies as non-streptomycetes was done by naked
Effect of pretreatment of soil eye observation and microscope, and the criteria for clas-

When the forest soils were cultured without pretreatment,sification between streptomycete or non-streptomycete
the number of colonies recovered was in the order ofstrains were derived from previous works (6, 10, 18, 22).

other bacteriaStreptomycedungi and non-streptomycete From this preliminary selection, 39 strains were isolated

actinomycetes. When the soil was air-dried, other bac-and pure cultured. Morphological and chemical properties
terial numbers decreased, and streptomycete coloniesf the isolates were determined.

increased. All kinds of microorganisms including rare act-

inomycetes decreased when the soil was dried &C100 Morphology

for 1 h. Heating the soil suspension atG@@or 15 min Only two strains did not produce aerial spore masses on
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Fig. 2. Photographs showing isolation plate. A, control{Hilution); B, air dried for 24 h and antibiotics (1@ilution); C, heat treatment (%0,
15 min, wet) and antibiotics (1dilution); D, 1.5% phenol and antibiotics (1Qilution).

Table 2. Identification of isolates with morphological and chemical properties

. Major Morphology
Group/genus Wall amino acid Whole- Fatty acid menaquinone iffusi No. of
Pg cell sugar pattern ~ pattern q Substrate Diffusible strains
(MK) mycelium color  pigment
. . . . 9(H)/
Actinoplanes mesDAP, glycine  Ara, Xyl/Xyl i-C16:0 O(H,, H) orangelyellow - 6
»
. . a-C15:0
Dactylosporangium  mesbAP, glycine  Ara, Xyl, Rhm C16:0 -9(H, Hy) green green 1
. . Ara, Xyl/ i-C15:0 -9(H)/
Micromonospora mesBAP, glycine Ara, Xyl Rhm  -C16:0 -10(H, H) brown/yellow - 9
. . i-C16:0, O(H, H, H)Y i
Microbispora mesdAP Ara, Gal, Mad 10-Me-C17:0  -O(H) pink/orange 6
i-C14:0
Streptosporangium mefAP Ara, Gal, Mad i-C16:0 -9(H,, H,, H,) white - 5
i-C17:1

1Ara, Arabinose; Xyl, Xylose; Rhm, Rhamnose; Gal, Galactose; Mad, Madurose.
3-C16:0, 14-methylpentadecanoic acid; i-C15:0, 13-methyltetradecanoic acid;
a-C15:0, 12-methyltetradecanoic acid; 10-Me-C17:0, 10-methylhexadecenoic acid,;
i-C14:0, 12-methyltriadecanoic acid; and i-C17cls, 15-methylhexadecenoic acid.
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Fig. 3. Scanning electronmicrograph of spore ornamentation of representative isol&@&epfasporangiurap. (strain AO01); BMicrobisporasp.
(strain DOO05); C,Actinoplanessp. (strain CN02); DMicromonosporasp. (strain AMO05).

oatmeal agar. Twenty-three strains produced the specific A
color of substrate mycelium. Only four strains produced
diffusible pigments. Strain BOO7 produced green pig-
ment on oatmeal agar. Distinguished white color of

mycelium was found in five strains including strain 2
AOQO01. Scanning electron microscopic photographs of the 1 /
spore ornamentation of the representative strains are ’(

shown in Fig. 3. Strain AOO1 produced branched myce-
lium and globose sporangia on aerial mycelium. Spo-
rangiospores are formed by septation of hypha within
sporangium (Fig. 3A). Strain DOO05 produced branched
mycelium and spores in characteristic longitudinal pairs B
on aerial mycelium (Fig. 3B). Strain CNO2 produced non- 3

fragmenting branched mycelium. Subspherical spores are /

produced within spherical sporangia (Fig. 3C). Strain
AMO5 had scanty aerial mycelium and its spores are 4
borne singly (Fig. 3D). {

Chemical properties
Based on partial sequencing of 16S rRNA, some acti-

nomycete groups such as actinoplanetes, maduromycetes . . . )
and streptomycetes have represented distinct suprageneric , 5 10 15 '
groups. Chemical markers have been shown to be espe- Retention Time (min)

cially good indicators of these groups (3). A combination gy 4. chromatogram of sugar (A) and menaquinone (B) of ¢
of chemical and morphological features was used for thespo7 which is identified a®actylosporangiumsp. Arrows indicat
recognition of rare actinomycetes. rhamnose (1), xylose (2), MK-9 (H(3), and MK-9 (H) (4).

21
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Among 39 isolates which were defined as non-strep-acids on average, and linear ones, 15.1%. The unsaturated

tomycete actinomycetes with preliminary selection, 35 fatty acids, mostly hexadecenoic acid isomers (C16:1) and

strains hadneseDAP, and it was found that preliminary heptadecenoic acid isomers (C17:1), accounted for 16.3%

selection on agar plate show 90% of efficiency for the dis-of the total.

crimination as rare actinomycetes. Aspartic acid, lysine, Most of the test strains had menaquinones of 9 isoprene

and glycine were the main amino acids of 35 strains. units, designated as MK-9 with 1 to 4 double bonds sat-
Whole cell sugar patterns of actinomycetes containingurated, MK-9(H)~MK-9(H,). MK-9(H,) or MK-9(H,)

meseDAP were defined on the basis of previous work were dominant in all cases. Two strains had MK-1p(H

(14). Twenty strains had xylose either alone or with ara-and MK-10(H) (Fig. 4).

binose or rhamnose, which belongs to pattern D (Fig. 4;

Table 2). Eleven strains had madurose, and their sugaldentification of isolates

pattern belongs to B. Four strains containing L-DAP had Ildentification of the isolates was carried out using mor-

no characteristic sugars (pattern C). phological and chemical properties. Discrimination between
Whole organism methanolysates of the isolates con-actinoplanetes and maduromycetes was primarily done by

tained fatty acids having 15 to 18 carbon chains, whichsugar pattern (13). Diagnostic sugar of the latter is

are commonly found in prokaryotes (8). Whigtrep-
tomyceshad saturategbo-fatty acid of 15, 16 and 17 car-
bon numbers, andntiiso-fatty acids of 15 and 17 carbon

madurose, while the former is xylose (Table 2).
Main menaquinone profile was the useful criteria in act-
inoplanetes.Dactylosporangiumwhose manaquinone is

numbers, the isolates had n-heaxadecanoic acid (n-C16:0yIK-9(H,) and MK-9(H) was distinguished fromicti-

as well as 14-methylpentadecanoic acid (i-C16:0), 13-noplanesand Micromonospora(14, 15, 16). Discrimina-
methyltetradecanoic acid (i-C15:0) and 12-methyltetrade-tion betweenActinoplanesand Micromonosporawhose
canoic acid (a-C15:0) as the major species (Table 2)sugar pattern and menaquinone profile are similar, was
Also, cis-15-methylhexadecenoic acid isomers (i-C17:1), carried out with fatty acid profile and spore ornamen-
14-methylhexadecanoic acid (a-C17:0), and 10-methyltation. Actinoplaneshad i-C16:0 as main fatty acid more
hexadecanoic acid (10-Me-C17:0) were the attendant fattythan 50%. In contrasiicromonosporahad i-C15:0, i-
acids of the strains (Fig. 5). Branched fatty acids wereC16:0, and a-C15:0 as major ones.

dominant in all cases, constituting 63.6% of the total fatty Because of similar sugar and main menaquinone profile
of maduromycetes, discrimination betwedictrobispora

and Streptosporangiunwas carried out with fatty acid
profile and spore ornamentation. The former had 10-Me-
C17:0 as attendant fatty acid about 14% in addition to
major fatty acid i-C16:0. The latter had i-C14:0, i-C16:0
and i-C17:1 as main fatty acids in a similar ratio of 20%.
Characteristic longitudinal spore pairs are found on aerial
mycelium of Microbispora. Sporangiospores are formed
by septation of hypha within sporangium Stfeptospo-
rangium (Fig. 3, 4).

Nine strains belonged tavlicromonospora six to
Microbispora six to Actinoplanes five to Streptospo-
rangium and one toDactylosporangium Eight strains
could not be identified exactly (Table 2).

A
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