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Soil is an inexhaustible source of bacteria of the genus Streptomyces — the producers of the vast majority
of known antibiotics that ave successfully used in medicine, veterinary and agriculture. The emergence and
spread of pathogenic bacteria resistance to antibiotics requires the search for new antibiotic compounds
capable of overcoming this problem. Aim. The purpose of this work was to isolate streptomycetes from soil
samples of Kyiv and the Kyiv region and study their antibiotic activity against four strains of the different
species of phytopathogenic bacteria. Methods. A suspension of soil in distilled water was sown on solid
Chapek or corn-soybean medium in Petri dishes, in which trimethoprim and nystatin were introduced
to inhibit bacterial and fungal growth. The antibiotic activity of the streptomycetes was tested by setting
their agar discs on lawns of phytopathogenic bacteria in Petri dishes. Antibiotics were extracted from the
streptomycetes agar cultures with a mixture of chloroform and acetone (2:1), dried in a rotary vacuum
evaporator, dissolved in ethanol, separated and purified by thin layer chromatography on aluminum plates
(Silica gel 60 F,;, from Merck KGaA). The UV/Vis absorption spectra of the antibiotics were measured
with a Beckman DU 8 spectrophotometer. Results. 10 strains of streptomycetes were isolated from the soil
samples of Kyiv and the Kyiv region, whose antibiotic activity was tested against four phytopathogenic
bacteria using the agar block method. Three of the streptomycetes — B8, SK and KZ, formed growth
inhibition zones of different phytopathogens on complete medium in Petri dishes, among which the strain
SK was the most active. This strain showed antibiotic activity against all four phytopathogenic bacte-
ria — P. syringae 8511, P. carotovorum 8982, C. michiganensis 10 and X. campestris 8003. Conclusions.
The results obtained are of interest for the protection of sensitive plants by isolated antibiotics against
phytopathogenic bacteria in hothouse conditions.

Keywords: soil streptomycetes, antibiotic activity, phytopathogenic bacteria, thin layer chromatography,
absorption spectra of antibiotics.

Search for new antibiotics remains an ac- Materials and methods. Samples of surface

tual and important medical and biological prob-
lem due to the appearance of the antibiotic-
resistant microorganisms [1]. The reason for the
emergence of antibiotic-resistant microorganisms
is the excessive or incorrect use of antibiotics
as medicines. Many bacteria belonging to the
Streptomyces genus are industrially important
producers of antibiotics used in medicine,
veterinary and agriculture [2, 3]. Streptomycetes
make up to 40 % of soil microorganisms and only a
very small part of them have been investigated [4].

The aim of this work was to isolate the Strep-
tomyces strains from soil samples of Kyiv and the
Kyiv region to investigate the properties of their
antibiotics, specificity of their activity against
phytopathogenic bacteria.
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soil at a depth of up to 2 cm were collected in
sterile tubes in the vicinity of Kyiv. One gram of
soil sample was diluted in proportions of 1:10 and
1:100 in sterile distilled water and the resulting
suspensions were plated on Chapek medium or
corn-soy medium (g/l: corn meal — 20.0, soy
meal — 10.0, NaCl — 5.0, agar — 15.0, distilled
water — 1.0 1, sterilization at 121°C for 30.0 min)
in Petri dishes in which trimethoprim and nystatin
were introduced to inhibit bacterial and fungal
growth. The dishes were incubated in a thermostat
at 28° C for one week and isolated colonies of
Streptomycetes were sown on slant corn-soy agar
in the test tubes for use in the next investigation.
Preliminary antibiotic activity of the isolated
streptomycetes was determined using agar discs
from lawns of 5—day cultures, laid on the surface
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of agar containing test cultures of phytopathogenic
bacteria — Pseudomonas syringae 8511, Pecto-
bacterium carotovorum 8982, Clavibacter
michiganensis 10 and Xanthomonas campestris
8003, obtained from Ukrainian Collection of
Microorganisms (UMU) [5]. After the selection
of the most active strains, the antibiotic activity
of the agar extracts was investigated. Lawns of
5-day culture were cut into 1.0x1.0 cm cubes
and antibiotic compounds were extracted with
chloroform-acetone (2:1), dried in a rotary vacuum
evaporator and dissolved in ethanol. The antibiotic
activity of the obtained crude extracts was checked
by cutting holes in an agar medium S (g/l: pep-
tone — 4.0, yeast extract — 4.0, K HPO, — 0.5,
MgSO, - 0.25, agar — 15.0, distilled water — 1.0 1) in
Petri dishes with test cultures. 20 ul of crude extract
in ethanol was added in each hole. The number of
individual components in the unknown antibiotics
of each raw material was determined by thin layer

2

chromatography (TLC), using 20x20 ¢cm aluminum
plates from Merck KGaA (Silica gel 60 F.,) and a
solvent system of butanol-ethyl acetate-acetone-
ethanol (4:2:1:0.5). Separate stripes of antibiotics,
clearly visible in UV light, were removed with
silica gel from the plates, dissolved in dilute
ethanol (1:1) or spread onto the surface of the agar
containing individual cultures of phytopathogenic
bacteria. The ethanol solutions of the purified
antibiotics were used to obtain absorption spectra
by means of the Beckman DU 8 spectrophotometer.

Results. 10 strains of streptomycetes were
isolated from soil samples of Kyiv (Feofaniya)
and the Kiev region (Brovary). The most active
strains B8, SK and KZ were isolated for further
study after initial testing for antibiotic activity.
Fig. 1 shows the growth inhibition zones of three
phytopathogenic bacteria around blocks of agar
cultures of five strains of streptomycetes.

Fi g. 1. Areas of inhibition of growth of P. syringae 8511 (1), X. campestris 8003 (2) and
C. michiganensis 10 (3) around blocks of agar cultures of strains of streptomycetes:
K15 (1), KZ (2), B8 (3), 277 (4), K70 (5)

As can be seen from this figure, only strain B§
showed antagonistic activity against all three phy-
topathogenic bacteria — P. syringae 8511, X. cam-
pestris 8003 and C. michiganensis 10. Strains KZ
and 277 were active antagonists only against in-
dividual phytopathogenic bacteria. In another ex-
periment, the highest antagonistic activity against
all four phytopathogenic bacteria was found in SK
streptomycete strain (Table 1).

Antibiotic compounds of all three streptomycete
strains — B8, KZ and SK were extracted with a
mixture of chloroform and acetone (2:1) from
5—day agar cultures, dried in a rotary evaporator
and dissolved in 1:1 diluted ethanol. Fig. 2 presents
the growth inhibition zones of P. syringae 8511
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around the hole in the agar, containing 80 pl of the
extract of agar culture BS.

Unknown antibiotic compounds were detected
and separated by thin layer chromatography
on Merck aluminum plates (Silica gel 60 F,)
in the solvent system butanol : ethyl acetate :
acetone : ethanol (4:2:1:0.5). Fig. 3 presents a
chromatographic plate depicting the individual
strips of compounds from the culture extract of the
strains SK and KZ visible in UV light.

Strips 1 (blue), 2 (dark) and 3 (blue) on plate
A were collected separately with gel powder,
then dissolved in dilute ethanol, and 80 ul of
the each solution was placed in the holes on the
C. michiganensis 10 culture lawn (Fig. 4).
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Table 1

Some properties of streptomycete antibiotics

Strain Soil sample | Psyringae | P. carotovorum | C.michiganensis | X.campestris | ) max, nm
B8 Kyiv, Feofania 20,0* 16,0 15,0 24,0 264,0
K15 Kyiv region 0,0 15,0 28,0 0,0 258,0
SH24 «K 0,0 15,0 22,0 0,0 -
B35 « K 0,0 20,0 27,0 16,0 -
SK Brovary 28,0 30,0 35,0 28,0 242.0
K70 Bobrytsia 0,0 20,0 0,0 0,0 258,0
Z175 « 0,0 18,0 16,0 14,0 -
KZ « 0,0 22,0 30,0 0,0 262,0
37 Kyiv region 0,0 18,0 17,0 15,0 -
277 Reshetylivka 18,0 18,0 0,0 0,0 -

* Zone diameter (mm) of no growth around the block of Streptomyces agar culture

Fi g. 2. Zone of absence of growth of P. syrin-
gae 8511 around the holes with the culture
extract of streptomycete strain B8 (1) and

the growth of bacteria around the holes with

extracts of cultures of strains B35 (2), K70 (3)

and KZ (4)
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Fig. 3. Thin layer chromatograms of extracts
of streptomycete cultures SK (A) and KZ (B)
in UV light
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Fi g. 4. Areas of absence of growth of
C. michiganensis 10 around the holes with
antibiotics of streptomycete strain SK collected
from stripes 1, 2 and 3 of TLC (Fig. 3, A)

As can be seen in this figure, all three compounds
exhibited antibiotic activity, which was highest in
the upper compound. The agar culture extract of
KZ strain produces 5 stripes visible in UV light
(Fig. 3, B) on the TLC plate. Antibiotic activity
against P. carotovorum 8982 was demonstrated by
the compounds in band 2 (R 0.27) and 4 (Rf 0.70).
Compounds in stripes 2 and 5 inhibited the growth
of C. michiganensis 10.

The absorption spectra of compounds 1, 2 and
3 of the agar culture extract of SK streptomycete
strain are presented in Fig. 5. They have absorption
maxima 250.0 nm, 245.8 nm and 242.0 nm,
respectively.

KZ streptomycete strain forms an antibiotic-
active compound whose delay factor (Rf) and
absorption maximum (A) are 0.70 and 262.0 nm,
respectively.
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Fig. 5. Absorption spectra of antibiotics
of streptomycete strain SK collected from
stripes 1, 2 and 3 of TLC (Fig. 3, A)

Discussion. Soil exhibits an inexhaustible
abundance of microorganisms, among which
streptomycetes occupy one of the leading places
in number and value [2]. Today, only 1 % of
these bacteria, important for soil fertility and new
antibiotic producers finding, have been investigated
by scientists [4]. Due to the spread of antibiotic-
resistant pathogens [1], streptomycetes will
still be used for a long time by scientists to find
new antibiotic compounds for use in medicine,
veterinary and agriculture [3].

10 strains of streptomycetes with antibiotic
activity on up to four phytopathogenic bacteria
were isolated from the soil samples taken in Kyiv
and the Kyiv region. The most active antagonists
of phytopathogenic bacteria were found to be
the strains of streptomycetes — B8, SK and KZ
(Table 1). The most sensitive to the antibiotics
of these three strains of streptomycetes was
gram-positive bacterium C. michiganensis 10,
while gram-negative bacteria P. syringae 8511,
P carotovorum 8982 and X. campestris 8003
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formed smaller zones of growth absence under
the influence of the above antibiotics. Among the
gram-negative bacteria P. syringae 8511 proved to
be the most resistant to the isolated antibiotics.

By means of thin layer chromatography of
the streptomycetes agar extracts separate purified
antibiotic fractions were obtained. Their Rf
retention factors and absorption spectra in UV light
were determined (Table). The absorption maxima
of the antibiotics of strains B8, SK and KZ are
264.0, 242.0, and 262 nm, respectively, and the Rf
values are 0.52, 0.38, and 0.70, respectively.

Based on the data obtained, the following
scientific studies can be planned in the future:
1) selection of more active antibiotic producers
by the induced mutagenesis of the strains of
streptomycetes B8, SK and KZ; 2) selection of
optimal conditions for streptomycetes strains
growing (medium composition and intensity
of aeration) in shaking flasks; 3) selection of
optimal conditions for the extraction of antibiotics
from culture fluid; 4) checking the protective
effect of antibiotics against phytopathogenic
bacteria-induced infection of susceptible plants
in hothouse conditions; 5) study of the ability of
isolated antibiotics to overcome the resistance
of phytopathogenic bacteria to known antibio-
tics.

Conclusions. 10 strains of streptomycetes
were isolated from soil samples of Kyiv and
the Kyiv region and their antibiotic activity
against four phytopathogenic bacteria was
investigated. Blocks of agar cultures of three
selected strains of streptomycetes — BS, SK and
KZ formed the largest growth inhibition zones of
phytopathogenic bacteria. Strain SK showed the
most active bactericidal action on all four strains
of phytopathogenic bacteria — P. syringae 8511,
P. carotovorum 8982, C. michiganensis 10 and
X. campestris 8003. B8 strain was less active in
this respect, and KZ strain effectively suppressed
the growth of only C. michiganensis 10 and, to
a lesser extent, P. carotovorum 8982. Using thin
layer chromatography, the antibiotic compounds
of agar culture extracts of B8, SK and KZ strains
were separated and purified on Merck KGaA
aluminum plates Silica gel 60 F,., and their UV/
Vis absorption spectra were determined using a
Beckman DU 8 spectrophotometer. Testing the
ability of the isolated antibiotics to protect sensitive
plants against phytopathogenic bacteria in hothouse
conditions is of interest, as well as establishing
their chemical structure.
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MNOIYK IPYHTOBHUX
CTPEIITOMILETIB —
INPOAYIEHTIB AHTUBIOTHUKIB 1O
®ITONATOTEHHUX BAKTEPIN

b. II. Mauenwx, C. JI. I'onembioscovka,
O. I. bamoypa
Inemumym mixpobionoeii i ipyconoeii
im. J[. K. 3abonomnozo HAH Ykpainu,
syn. Axademixa 3abonomnoeo, 154, Kuis,
03143, Yrpaina
Pesrome

[PYHT € HEBHYEPITHUM [KEPEIOM OaKTepiil pomy
Streptomyces — IPOYIIEHTIB 3HAYHOT OUTBIIOCTI BiJI0-
MHX aHTHOIOTHKIB, SIK1 YCHIIIHO 3aCTOCOBYIOTHCS B
MEIMIIMHI, BeTepUHapii 1 CiIbChKOMY TOCHOAAPCTBI.
BUHUKHEHHS 1 HOLIMPEHHS! PE3UCTEHTHOCTI MaTo-
TeHHHUX OakTepiif 10 aHTHOIOTHKIB BUMArae MouryKy
HOBHX aHTHOIOTWYHHX CHONYK, 3JaTHUX ITOIOJIATH
nany niepenikony. Mera. Metoro 1aHoi pobotu 0ys10
BHJIICHHS 31 3pa3kiB rpyHTy Kuepa 1 KuiBcbkoi 00-
JACTi CTPENTOMILETIB 1 JOCHIKEHHs X aHTUOio-
THUYHOT aKTHUBHOCTI MO BiJHOIIEHHIO JI0 YOTHPHOX
MITaMiB Pi3HUX BHUAIB (PiTOMATOTCHHUX OaKTEpii.
Metonu. BuciB cycnieHsii IpyHTy B JMCTHIHOBaHIN
BOIIi Ha TBEpJE KyKypYI3sHO-COEBE CEPEIOBUIIEC B
yamkax I[leTpi, sike MICTHIIO TPUMETONPIM 1 HicTa-
THH 3 METOIO NPUTHIYEHHS pOCTy OakTepiil 1 rpuobiB.
AHTHOIOTHYHA aKTUBHICTh CTPENTOMIIETIB MepeBi-
psuTacst MUIIXOM HAKJIAJaHHsI TUCKIB arapoBHX KyJib-
Typ OCTaHHIX Ha ra3oHH (iTOmaroreHHUX OakTepii
B vanikax [leTpi. AHTHOIOTHKHM €KCTparyBajH 3 ara-
POBHUX KYJIBTYp CTPEHTOMIIIETIB CYyMIIIIIIO XJIOPO-
¢dbopmy 1 anerony (2:1), BucyuryBaiu B pOTOPHOMY
BaKyyMHOMY BHIIAPHUKOBi, PO3YMHSIN B €TaHOINI,
PO3AUSUIA 1 OYWIIYBAJIM 32 JOTIOMOTOIO TOHKOIIIA-
poBoi xpomarorpadii Ha aTFOMIHIEBUX TIACTHHKAX
Silica gel 60 F .,
aHTHOIOTHKIB B Y® CBITIII BU3HAYAIH 34 JOIIOMOTOIO

¢bipmu Merck. CrieKTpH OTTHHAHHS
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cnekrpodoromerpa Beckman DU 8. Pesyabraru. 3i
3paskiB IpyHTy Kuepa i KuiBcbkoi o0nacTi BuaiieHO
10 mraMiB CTpenTOMIIETiB, aHTHOIOTUYHY aKTHB-
HICTB SIKUX MPOTH YOTHPHOX IITaMiB (iTOMATOTCH-
HUX OaKTepiil MmepeBipeHo 3a JAOMOMOTO METOIY
arapoBux Oi10kiB. Tpu mramu ctpenTominetis — B,
CK 1 K3 yTBOproBasiv 30HH BiICYyTHOCTI POCTY Pi3-
HUX (ITOMATOTeHIB HAa MOBHOLIIHHOMY CEpEeIOBHII
B yamkax [letpi, cepesn sikux HalOINbII aKTUBHUM
6ys mtam CK. [lanuii mram mposiBisB aHTHO10THY-
HY aKTHUBHICTH 10 BIIHONICHHIO JO YCIX YOTHPHOX
mTaMiB (iTomaroreHHUX Oakrtepid — P. syringae
8511, P. carotovorum 8982, C. michiganensis 10 i
X. campestris 8003. BucHoBku. Onepxani pesyib-
TaTH TPEACTABISIOTh IHTEpEC I AOCHIiIKCHHS
3aXUCTy YYyTJIMBHX POCIHH BUAUICHUMH aHTHOIO-
THKaMHW B (iTONATOTEHHUX OaKTepii B ymMoBax
TEIUINAL.

Krouosi cnosa: TpyHTOBI CTPENTOMILIETH, aHTUOI-
OTHYHA aKTUBHICTb, (DITONATOTeHHI OaKTepii, TOHKO-
nrapopa xpomarorpadisi, CieKTpy MOTJIMHAHHS aHTH-
O10THKIB.
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