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Summary

The thermophilic actinomycete strain 21E isolated from saline Bulgarian soils
produced a highly thermostable collagenase. Macro- and micromorphological
characteristics of the strain were tested on fourteen media. Some physiological and
biochemical properties, enzyme activities, as well as the antibiotic activity and
sensitivity were examined. It was concluded that the strain 21E was a typical
member of the genus Thermoactinomyces. The comparative references to Thermo-
actinomyces species with similar taxonomic characteristics identified the strain as
Thermoactinomyces sacchari. T. sacchari strain 21E was resistant to the antibiotic
novobiocine, and displayed protease, amylase, collagenase and lipase activities.
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Introduction

The study of microorganisms capable to
grow in extreme conditions is an important field
of microbiology and biotechnology. Thermo-
philic representatives of the family of actinomy-
cetes are becoming more and more important in
solving certain problems of ecology, industrial
microbiology, hygiene and other fields. Re-
cently, they have been subjected to intensive
investigations in search for producers of new
thermostable enzymes.

It was already shown that the thermophilic
actinomycetes can produce amylases, xyla-
nases and cellulose digesting enzymes which
retain their activity at high temperatures
(50-65 °C) [17, 22, 27]. It is commonly accept-
ed nowadays that such enzymes will find
wider application in the industrial practice.
Extracellular proteolytic activity was detected
in the cultural supernatant of a number of ther-

mophilic actinomycete strains [9, 11, 20, 29].

The collagenases are specific proteases
capable to hydrolyze the ftriple helix of the
native collagen, which is remarkably resistant
to other proteases. It should be noted however
that the collagenases described so far are
isolated from mesophilic microorganisms and
these enzymes are not stable at elevated
temperatures [10, 15, 23, 25].

A collagen-degrading thermophilic actino-
mycete strain, designated as 21E, was ob-
tained while searching for collagenolytic ther-
mophilic microorganisms of soil origin [15].
These microorganisms are harmless for hu-
mans, and develop quickly in culture - for
about 2-3 days. The potential applicability for
the production of a collagenolytic enzyme pre-
paration requires strain 21E to be determined
taxonomically.



Materials and Methods

The thermophilic actinomycete strain 21E
was afforded for taxonomic study by A. Gu-
shterova from the Institute of Microbiology at
the Bulgarian Academy of Science. It was iso-
lated from saline soil [15] and produced a highly
thermostable collagenase [24].

The general morphological, cultural, phy-
siological, and biochemical properties of the
actinomycetes were employed for the taxono-
mic characterization of strain 21E, and they
were determined by the methods and in the
media of the International Streptomycetes Pro-
ject (ISP) [26]. Additional nutrient media and
characteristic substances were also applied in
the investigation.

Micromorphological and cultural pro-
perties. The following media were used: pep-
tone-maze extract agar (PM) [14], yeast-malt
extract agar (ISP-2), oatmeal agar (ISP-3),
starch agar with mineral salts (ISP-4), glycerol-
asparagine agar (ISP-5), tyrosine agar (ISP-7)
[26], nutrient agar with glucose [8], yeast ex-
tract agar [6], glucose-yeast extract agar [8],
potato-carrot agar (PC) [7], potato-glucose agar
[2], milk agar [8], and chitin agar [20].

The morphology of the sporophores was
studied by direct light microscope observation.
The morphology of the spores was examined
by a scanning microscope. The micromorpho-
logical and cultural properties of the strain
were investigated after 24, 48, and 72 hours of
cultivation. Color descriptions were made after
the BondartseV's color scale [5].

Physiological and biochemical proper-
ties. Melanin production was studied on pep-
tone-yeast extract iron agar (ISP-6) and on
tyrosine agar (ISP-7) [26]. The utilization of
various carbon sources was tested on basic
mineral salts agar (ISP-9) [26] supplemented
with the following sugars (1 %, w/v): D-glu-
cose, L-arabinose, sucrose, D-xylose, I-ino-
sitol, D-mannitol, D-fructose, rhamnose, raffi-
nose, D-maltose, cellulose, and lactose.

Growth temperature optimum. The op-
timal growth temperature was determined on
PM agar in the range from 25 to 75 °C.

Resistance to heating at 100 °C. Spores
of the thermophilic actinomycete 21E were
suspended in distilled water, heated in boiling
water for 10, 30, 60, and 120 min, and then
transferred onto PM agar.

Resistance to sodium chloride. The
tolerance to NaCl was tested on PM agar
containing different concentrations of NaCl

from 1 to 15 % (w/v).

Decomposition of gelatin. PM agar sup-
plemented with 0.4 % (w/v) gelatin was used.
A clear zone around the colony indicated the
gelatin hydrolysis [19].

Hydrolysis of starch. Ten grams of po-
tato starch suspended in 100 ml of cold distilled
water were added as a single carbon source to
900 ml of PM agar. The plates were inoculated
and incubated at 55 °C, and then were flooded
with iodide solution. A clear zone around the
colony indicated the starch hydrolysis [19].

Decomposition of casein. The capability
to decompose casein was determined as des-
cribed by Gordon and Smith [12].

Hydrolysis of esculin and arbutin. Es-
culin or arbutin (0.1 %, w/v) were added to PM
agar with 0.05 % ferric citrate (w/v). The bla-
ckening of the medium around the colony was
an evidence for the hydrolysis of each of the
substrates [4, 18].

Decomposition of tyrosine, xanthine,
hypoxanthine, and adenine. The media and
methods applied were as described by Gordon
et al. [11] and Kurup and Schmitt [18], except
for that the basic medium was PM. The clea-
ring of the medium around and underneath the
colonies indicated tyrosine, xanthine, hypoxan-
thine, or adenine decomposition.

Sensitivity to antibiotics. The agar dif-
fusion method was applied. Disks impregnated
with ampicillin, penicillin, chloramphenicol, gen-
tamycin, erythromycin, and streptomycin were
placed on the inoculated agar plates. The zones
of growth inhibition were measured.

Novobiocin was added to PM liquid me-
dium to a final concentration of 25 pg/ml and the
resistance the strain to the antibiotic was recogni-
zed when apparently similar growth in both the
test and the control tubes was observed [19].

Antagonistic properties. The streak test
on PM agar plates was performed on Bacillus
subtilis and Escherichia coli as test micro-
organisms [14].

Hydrolysis of tributirin. Hydrolysis of tri-
butirin was tested by the method described by
Kurup and Schmitt [18].

Decomposition of native collagen. The de-
composition of native collagen was assessed
according to the size of the hydrolyzed zone [28].

The genus reference, species descriptions,
and species identification strain 21E were de-
termined after Bergey’s manual [3] and Agre’s
manual [1].



Results and Discussion

Micromorphological and cultural properties

Strain 21E produced well-developed aerial
mycelium that displayed a tendency to frag-
ment with aging of the culture. It was white and
cream-white, but there were also pale-beige
and ash color variants. The aerial mycelium
was transient, usually disappearing within 3 to
4 days through autolysis of the hyphae. The
hyphae of the aerial mycelium were short,
sparse or tufted (Fig. 1, A).

The hyphae of the substrate mycelium
were branching, penetrating into the agar
medium, forming fast-growing, spreading colo-
nies. Several colors of the vegetative mycelium
were observed depending on the medium and
the age of the culture. The young colonies
were beige or cream to dark beige or yellow-
brown. The old colonies were dark brown in
color (Table1).

Fig. 1. Hyphae structure (A) and form of the colonies (B) of strain 21E (PM agar, 48 hour).

Table 1. Cultural properties of strain 21E.

. . Color of the aerial Color of the Soluble
Nutrient medium Growth . . g
mycelium substrate mycelium pigment

Yeast-malt extract agar abundant cream-white beige no
(ISP-2)
Oatmeal agar (ISP-3) moderate white cream no
Starch agar with moderate white or cream- dark beige no
inorganic ions (ISP-4) white 9
Glycerol-asparagine
agar (ISP-5) scanty no yellow-brown no
Peptone-yeast extract . .
iron agar (ISP-6) abundant cream-white beige no
Tyrosine agar (ISP-7) no no no no
PM agar abundant cream-white dark beige no
Nutrient agar with .

scanty white cream no
glucose
Yeast extract agar abundant pale beige dark beige no
Glucose yeast extract moderate ash beige no
agar
Milk agar abundant white cream no
PC agar abundant cream-white dark beige no
Potato-glucose agar moderate white dark beige no
Chitin agar no no no no




The colonies were in diameter from 5-6 mm
on these media where the growth of the strain
was scanty to 25-30 mm on the media with
moderate to abundant growth. The typical co-
lony was with a regular round form, flat, with
smooth surface and gentle radial folds to the
periphery (Fig. 1, B). Its central area was slight-
ly convex. The margin of the colony was un-
dulated. Morphological variants of colonies we-
re also observed with irregular form, rugged
surface and fibrillated edge. They appeared in
certain unfavorable conditions. The colonies
became slimy and bacterial in appearance as
the hyphae autolysed.

Strain 21E produced abundant or mode-
rate aerial mycelium on organic media and
scantly grew on synthetic media (Table 1). It
had a short growth cycle and sporulated already
after 24 hours of cultivation. The strain did not
produce soluble pigments.

Single spores were observed. They were
situated usually on short sporophores or directly
on the hyphae of both the substrate and the
aerial mycelia. The spores appeared globular un-
der the light microscope, but they looked angu-

lar in scanning electron microscopy because of
a pattern of ridges on the spore surface (Fig. 2).

Fig. 2. Spore surface of strain 21E (PM agar,
48 hour, 10 000x).

The spores of strain 21E resembled in
certain features the bacterial endospores.
Being thermostable, they were heat-resistant
at 100 °C for 60 min. They also could be co-
lored with stains specific for bacterial endo-
spores, e.g. malachite-green.

Physiological and biochemical properties

Strain 21E was capable to grow in the
temperature range between 35 and 65 °C, and
did not grow at 33 °C and 67 °C. The optimal
growth temperature was from 55 to 60 °C.
Good growth occurred in the presence of
3-7 % and it was weak at 10 % NaCl (Table 2).

The carbon metabolism is significant in ta-
xonomy and the differences in the utilization of
various carbon sources serve as additional cri-

teria for species differentiation. ISP considers
the utilization of nine sugars [25]. The investi-
gation of thermophilic actinomycetes requires ad-
ditional carbon sources to be tested besides
the specific for the rest of the actinomycetes.
The growth of strain 21E was weak on
ISP-9 [25] regardless the tested carbon sour-
ces (Table 3). Only glucose, fructose, arabino-
se, and mannitol weakly stimulated its growth.

Table 2. Some physiological and biochemical properties of strain 21E.

Growth at temperature (°C) Growth in NaCl (%)
33 - 1 +
35 + 3 +
40 + 5 +
50 + 7 +
55 + 10 *
60 + 12 -
65 + 15 -
67 -

Enzyme production
Protease +
Collagenase +
Amylase +
Lipase +




Table 3. Comparison of strain 21E with Thermoactinomyces sacchari and T. vulgaris.

Characteristics Strain 21E T. sacchari T. vulgaris
Aerial mycelium

Abundant - - +

Transient + + .

Lysis d|sag;i§ai|ggyv;nth|n rapid, within 3 days not seen

Color white or cream-white white white

Substrate mycelium
Color beige, cream to dark colquess to colorless to
beige cartridge buff brown
Spores

Single spores on aerial/ + + +

substrate mycelium

Spores — endospores, + + +

with ridged surface

Spores on sporophores + + +
Soluble pigment

Yellow-brown - - -

Growth at

30°C - - -

55 °C + +

NaCl (3 %) + +

NaCl (5 %) + + -

Novobiocin (25 ug/ml) + + +

Utilization of carbon sources

D-fructose + +

L-arabinose + -

L-rhamnose + - -

D-xylose * - -

D-maltose - NT NT

D-mannitol +

D-glucose +

D-raffinose * - -

Sucrose - - +

I-Inositol + - -

Lactose - NT NT
Degradation of

Casein +

Gelatin +

Starch + -

Cellulose - - -

Chitin - - -

Arbutin + +

Esculine + ND

Tyrosine - - +

Xanthine - - -

Hypoxanthine - - *

Adenine - - -

Legend: not tested (NT); not defined (ND).




The strain grew scantly on media with xylose,
ramnose, inositol and raffinose. It did not assi-
milate sucrose, lactose, maltose, and cellulose.

Strain 21E caused intensive hydrolysis of
starch and casein, but did not decompose chi-
tin. It coagulated and peptonized milk. The strain
weakly decomposed esculin and arbutin, and
did not hydrolyze xanthine, xypoxanthine and

adenine. It did not show tyrosinase activity ei-
ther. The strain hydrolyzed gelatin on the 24"
hour of cultivation. It displayed collagenase and
lipase activities.

Strain 21E was sensitive to all the antibio-
tics used in this investigation except for novobio-
cin (Table 4). The strain did not exhibit any an-
tagonistic activity against B. subtilis and E. coli.

Table 4. Sensitivity to antibiotics of strain 21E.

Antibiotic Concentration (ug/ml) | Sterile zone (mm)
Chloramphenicol 10 6
Ampicillin 25 12
Gentamycin 10 25
Erythromycin 10 28
Penicillin 10 14
Streptomycin 10 16
Novobiocin 25 0

The hyphae growth characterized strain
21E as an actinomycete. The established seg-
mentation of the both substrate and aerial my-
celia, the optimum of growth in the interval
55-60 °C, the formation of spores with the cha-
racteristics of bacterial endospores, and the bio-
chemical properties determined strain 21E as a

representative of the genus Thermoactinomy-
ces. It was compared with other species of this
genus (Table 3) and was found to be phenoty-
pically close to T. sacchari and T. vulgaris. The
presented data showed that strain 21E was
much more similar to T. sacchari from which it
differed by the weak utilization of some sugars.
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TAKCOHOMUYHA XAPAKTEPUCTUKA HA TEPMO®UITHUA AKTUHOMULIETEH
LLAM 21E - MPOAYUEHT HA TEPMOCTABWUJIHA KOJIATEHA3A

HetenuHa MeTpoea®, CTosaH Bnaxos

Pe3ome

TepmopunHusasm akmuHomuyemeH wam 21E, usonupaH om cosieHU rno4yeu 8
bwneapus, npodyyupa sucoko mepmocmaburnHa KonazeHa3sa. [poyyeHuU ca Makpo-
U MUKPOMOPGOsIo2UYHUME Xapakmepucmuku Ha wama ebpxy 14 cpedu. U3-
cnedeaHuU ca HsKOU hu3UOio2UYHU U BGUOXUMUYHU ceolicmea, eH3UMHU aKkmue-
HOCcmu, Kakmo u aHmubuomu4yHama akmueHocm U 4yecmeumesiHocm. YcmaHo-
B8eHO e, Ye wam 21E e munuyeH npedcmasumeni Ha poda Thermoactinomyces.
CpasHsisaHemo c¢ sudose Thermoactinomyces ¢ 65U3KU MaKCOHOMUYHU Xapak-
mepucmuku onpedens wama kamo Thermoactinomyces sacchari. LLlam T. sacchari
21E e ycmodu4ue Ha aHmubuomuka HO80OUOUUH U roKasea rpomeasHa, aMmusiasHa,
Konia2eHa3Ha u nurasHa akmusHocmu.



