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Summary

The present work is a part of a complex study of Streptomyces sp. strain 34-1 -
a producer of trypsin and trypsin-like protease inhibitors with antiviral effect. The
taxonomically significant properties of the strain were examined according to the
International Streptomycetes Project (ISP). The identification of the strain was based
on Nonomura’s key. The morphological, cultural, physiological and biochemical
characteristics of Streptomyces sp. strain 34-1 were compared with the references
for similar streptomycetes species. The strain was identified as Streptomyces
chromofuscus and designated as S. chromofuscus 34-1.
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Introduction

Microorganisms of the genus Strepto-
myces produce a wide spectrum of bioactive
substances (antibiotics, pigments, and enzymes)
with application in pharmaceutical and food
industries, in biotechnology and laboratory
practice [2].

The ability of the streptomycetes to syn-
thesize enzyme inhibitors reveals a new as-
pect of microbial antagonism.

It is known that proper proteolytic enzy-
mes of the infected cells play decisive role in
the replication of numerous viruses including
the influenza viruses. To become infectious, the
viruses have to undergo posttranscriptional clea-

vage of the basic antigen — hemagglutinin. This
reaction is carried out by the trypsin-like pro-
teases of the host [7, 13]. The inhibition of
these proteases leads to the inhibition of the
viral replication.

The proved ability to synthesize a sub-
stance which inhibits the activity of trypsin and
trypsin-like proteases and viruses makes Strep-
tomyces sp. strain 34-1 a perspective producer
of the protease inhibitor [1].

This work is a part of a complex study of
Streptomyces sp. strain 34-1 — producer of a
protease inhibitor and aims its characteriza-
tion and taxonomic identification.

Materials and Methods

The soil isolate Streptomyces sp. strain
34-1 from the collection of the Department of
General and Industrial Microbiology at Sofia
University was the subject in this study. The
taxonomic properties of the strain were deter-
mined according to the International Strepto-
mycetes Project (ISP) [9] and some proce-
dures described by Gause et al. [5].

The strain morphology was observed on
the 7", the 14", and the 21 day for mature cul-
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tures. The morphology of the spore-bearing
aerial hyphae was determined by direct micro-
scopic examination of the culture surface. The
length of the spore chain and the spore
surface ornamentation were observed by an
electron microscope. The electron microscope
investigation was made on grids coated with
Formvar without shadowing.

The colour of the aerial mass, the sub-
strate mycelium and the soluble pigment was



determined using the Bondartsev colour scale
[3]. The production of a melanin pigment was
observed after 2 and 4 days.

The ability of the strain to use different
carbon sources was determined according to
the ISP recommendation [9]. The starch hydro-
lysis and the growth on gelatin and skim milk
were tested according to Gauze et al. [5].

The sensibility to antibiotics was examined
by the paper discs method [6]. The following
antibiotics (“BulBio”) were used: erythromycin

(15 pg/disc), ampicillin (10 pg/disc), streptomy-
cin (10 ug/disc), gentamycin (10 ug/disc), pe-
nicillin (10 E/disc), chloramphenicol (30 pg/disc),
tetracyclin (15 ug/disc). The diameters of the
growth inhibition zone were measured after
incubation for 48-72 h.

The taxonomic identification of Strepto-
myces sp. 34-1 was based on Nonomura’s
key [8] and the species description according
to ISP [10, 11, 12], Gauze et al. [5] and Ber-
gey’s Manual [4].

Results and Discussion

Micromorphological characteristics. The
substrate mycelium of strain Streptomyces sp.
34-1 did not fragment. The aerial mycelium
formed monopodially branched spore-bearing
hyphae with the shape of hooks, loops, open
or compact spirals with 3-6 curves (Fig. 1). The
spore chains contained 10-50 spores. They
were ellipsoidal with spiny surface (Fig. 2).

Macromorphological characteristics. The
strain was clearly polymorph. It formed 7 mor-
phological types of colonies on Gauze | mineral
medium. The types of colonies differed in shape
(round or ellipsoidal), profile (flat or slightly rai-
sed, umbonate or with craters), surface (smooth
or wrinkled), edges (undulating or rhizoid). The
colonies were completely covered by aerial my-
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Fig. 1. Morphology of the spore-bearing aerial hyphae of Streptomyces sp. 34-1 (ISP-3, 800x).

Fig. 2. Spore chain (A, 13 400x) and spore surface ornamentation (B, 25 000x) of Streptomyces sp. 34-1

(ISP-3).
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celium or it formed concentric or radial lines
(Fig. 3). The dominant type was presented by
round, umbonate colonies, completely cover-
ed by pale grey aerial mycelium with slightly
undulating edges.

Fig. 3. Morphological types of colonies of Strepto-
myces sp. 34-1 (Gauze | mineral medium).

Streptomyces sp. 34-1 grew on all of the
used media. The abundance and the colour of
the aerial mycelium depended on the medium
composition and the age of the culture. The
aerial mass colour varied from white and pale
blue to different nuances of grey (from pale
grey to green-grey), therefore it could be as-
signed to the grey series (Table 1).

The substrate mycelium colour varied
from pale grey to dark grey depending on the
medium composition and the age of the
culture. It could be accepted as not distinctive
according to Nonomura’s key [8]. pH changes
did not affect the reverse colour.

On most of the media used Streptomyces
sp. 34-1 produced a soluble pigment whose
colour varied from beige-olive (on Gauze |
mineral medium, ISP-3 and ISP-5 media) to
dark brown (ISP-2 medium). The strain did
not produce any diffusible pigment on ISP-4
medium (Table 1).

Table 1. Cultural characteristics of Streptomyces sp. 34-1.

Medium Growth Age Colour of_ aerial Colour of s_ubstrate Colou_r of soluble
(days) mycelium mycelium pigment
7 white; dark ash-grey dark brown-green | dark brown-green
ISP-2 abundant 14 white; mouse-grey dark ash-grey brown
21 mouse-grey brown-yellow dark brown
7 pale blue; blue dark ash-grey -
ISP-3 abundant 14 pale blue; blue dark grey beige-olive
21 green-grey dark grey dark beige-olive
7 white; pale blue ash-grey -
ISP-4 abundant 14 white dark ash-grey -
21 mouse-grey pale grey-violet -
7 white; pale grey-violet dark grey -
ISP-5 moderate 14 white; pale grey-violet dark ash-grey beige-olive
21 grey-violet grey-violet dark beige-olive

Physiological and biochemical proper-
ties. The strain produced melanoid pigments on
pepton iron agar (ISP-6). Melanin production
was not observed on tyrosine agar (ISP-7).

Streptomyces sp. 34-1 grew poorly in the
presence of D-xylose and l-inositol as a sole
carbon source. The strain formed abundant my-
celium on the media with D-glucose, D-fructose,
L-arabinose, L-rhamnose and D-mannitol, but
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its growth was doubtful on the media with
sucrose and raffinose (Table 2).

Strain 34-1 grew on gelatin without lique-
fying it. It also grew on skim milk but did not
cause coagulation and peptonization. It hydro-
lysed starch.

The strain was sensitive to the action of
antibiotics such as tetracyclin, gentamycin and
erythromycin (Table 3).



Table 2. Carbon utilization by Streptomyces sp. 34-1.

Carbon source Utilization
No carbon source (negative control) -
L-Arabinose ++
D-Xylose +
i-Inositol +
D-Mannitol ++
D-Fructose ++
L-Rhamnose ++
Sucrose t
Raffinose *
Cellulose -
D-Glucose (positive control) ++

Legend: utilization of the tested carbon is equal to or grater than that of the positive control (++); weaker
utilization in comparison to the positive control (+); doubtful utilization (£); no utilization (-).

Table 3. Sensibility of Streptomyces sp. 34-1 to different antibiotics.

Antibiotics Sterile zone [mm]
Tetraciclin 22
Streptomycin -
Gentamycin 12
Erythromycin 21
Ampicillin -
Penicillin -

Chloramphenicol

Identification of Streptomyces sp. 34-1.
Morphological, cultural, physiological and bio-
chemical properties of the strain 34-1 were
compared to Streptomyces species included
in Nonomura’s key [8]. Using references given
by ISP [10, 11, 12] and Bergey’s Manual [4],
the strain was compared with the most similar
species (Table 4).

Streptomyces sp. 34-1 showed greatest si-
milarity to S. chromofuscus [11] in morphology
of the sporophores (spiral), ornamenttation of
the spore surface (spiny), cultural properties
(grey aerial mass colour, substrate mycelium
without distinctive colour, beige-olive to yellow
soluble pigment) and by the absence of me-
lanin production on the medium ISP-7. The
strain 34-1 differed from S. chromofuscus in
carbon utilization. It utilized D-fructose and its
growth was doubtful in the presence of suc-
rose. The spore-bearing hyphae of Strepto-
myces sp. 34-1 formed besides the compact
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spirals single open spirals, and hooks and
loops (RA). It could be concluded on this base
that Streptomyces sp. 34-1 is identical or very
similar to S. chromofuscus.

Differences in the “secondary” taxonomic
features such as carbon utilization were the
reason to identify the strain as S. chromo-
fuscus 34-1.

Short characterization of Streptomyces
chromofuscus 34-1. The strain forms mono-
podial branched sporophores with the shape of
hooks, loops, imperfect and perfect spirals with
3-6 curves (SRA). Spore surface is spiny. The
spore chain length is between 10 and 50
spores. The aerial mass colour is of the grey
series (from pale grey to grey-violet), and it is
white to pale blue on some media and in
young cultures. The colour of substrate my-
celium is not distinctive (greyish or brownish
nuance). The culture is polymorph. It produ-
ces olive or brownish soluble pigment on all of
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Table 4. Basic taxonomical characteristics of Streptomyces sp. 34-1 and related streptomycetes species.
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(e
beige-
olive
Streptomyces sp. 34-1 | grey - - dark SRA spiny + + + + + + + + +
brown
S. echinatus grey ++ - - SRA spiny + + + + + + - + +
pale 3 .
S. chromofuscus grey +- - I SRA spiny + + + + + + _ + +
yellow
S. griseochromogenes | 9rey ++ - - SRA spiny + + + + + - + + +
S. gannamycicus grey ++ - - S spiny + + + + + + + + +
S. flavoviridis grey ++ - - SRA hairy + + + + + + - - +

Legend: ! Melanin production on both ISP-6 and ISP-7 media (++); melanin production only on ISP-6 (+-);

2 Hooks, loops and open spirals (RA); spirals (S);
311 % of the strains belonging to the species S. chromofuscus form RA spore-bearing aerial hyphae [6].




the used media with the exception of the ISP-4
medium. It synthesizes melanin on the ISP-6
medium only. It does not possess tyrosinase
activity. The strain grows on gelatin and lique-
fies it scarcely perceptibly, inclining to negati-
ve. It grows on skim milk without causing its pep-
tonization or coagulation. It hydrolyses starch.
The culture utilizes D-glucose, D-fructose, L-
arabinose, D-xylose, L-rhamnose, I-inositol and
D-mannitol. The utilization of sucrose and raf-
finose is doubtful. The strain produces trypsin

and trypsin-like proteases inhibitor [1]. It has
antiviral activity. It is sensitive to tetracyclin,
gentamycin and erythromycin.
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TAKCOHOMUYHO U3CJIEABAHE HA LLLAM STREPTOMYCES SP. 34-1

Credka AHTOHOBa-Hvikomnosa ' *, Basi CTe(baHOBa1, JTrobomumpa Moyesa?

Pe3ome

Hacmosiwiama paboma e yacm om KOMIJIEKCHO Mpoy4YyeaHe Ha wam Strep-
tomyces sp. 34-1, npodyueHm Ha UHXUbUMOP Ha MPUrCUH U MpPUrcuH-rNoOobHU
rnpomeasu ¢ aHmueupycHa akmugHocm. [lpedcmaseHu ca O0aHHU 3a MaKCOHO-
MuU4YHUMe My ceolicmea, rosy4dyeHu 4pe3 memodume Ha MexdyHapodHuss cmperni-
momuuyemeH ripoekm (ISP). Npu udeHmudbuyupaHemo My e Uu3rnosidgaH Kir4ybm Ha
Nonomura. MopgonoaudHume, KynmypanHume u ¢u3uos020-buoxumuyHUmMe
xapakmepucmuku Ha Streptomyces sp. 34-1 ca cpasHeHU € rnumepamypHume
OaHHU 3a CxXO00HU cmpenmomuyem-u eudose. lljambm e omHeceH KbM euda
Streptomyces chromofuscus u e o3Ha4yeH kamo S. chromofuscus 34-1.

15



