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THE BIOCIDE ACTION OF METABOLITES
OF STREPTOMYCES GLOBISPORUS 3-1
AND STREPTOMYCES CYANOGENUS S136 STRAINS

Research of the biocide action of streptomycete-antagonist metabolites on the
causative agent of bacterial canker of tomato and on the host-plant fertility is
the actual question. Aim. To determine the action of metabolites of Streptomyces
globisporus 3-1 and Streptomyces cyanogenus S136 on the phytopatho-
gen Clavibacter michiganensis 10, in vitro and on seed germination, growth
and yield of tomatoes in vivo. Methods. Microbiological methods in labora-
tory conditions and descriptive-comparative analysis of growth and develop-
ment of tomatoes in hothouse conditions were used. Results. S. globisporus 3-1
and S. cyanogenus S136 metabolites inhibited the growth of the phytopathogen
C. michiganensis 10, with the formation of clean zones 45 and 35 mm in vitro,
respectively. Pre-sowing treatment with metabolites of S. globisporus 3-1 and
S. cyanogenus S136 of tomatoes Lana seeds reduced germination by 27%
for both and led to defects in leaf shape and plant sterility, respectively. Treat-
ment by metabolites of both Streptomyces strains of phytopathogen infected seeds
did not improve germination, growth, and yield compared to grown plants from
infected seeds, though it were visually not defective, sterile and with signs
of bacterial canker of tomato. Conclusion. It was found that metabolites of
S. globisporus  3-1 and S. cyanogenus SI136 had a biocide action on
the phytopathogen C. michiganensis 10, in vitro and on Lana tomatoes in
hothouse conditions.

Key words: Biocide, Clavibacter michiganensis subsp. michiganensis,
bacterial canker of tomato, Streptomyces

The term "Biocides" combines toxic substances used in agriculture, in-
dustry, veterinary and human medicine against organisms that cause damage
to the respective sphere [4].

Phytopathogenic bacterium Clavibacter michiganensis subsp. michi-
ganensis (Cmm) is the causative agent disease of tomato canker, manifested
by spots and ulcers on leaves, fruits, stems and peduncles, affects the vascular
system due to the expression of chromosome genes (pathogenicity island chp/
tomA) and plasmids pCMI1 (celA), pCM2 (pat-1) [2, 16, 17].

Today, the literature offers ecological means of combating infectious diseas-
es in the agricultural sector, which contain metabolites of soil microorganisms,
including streptomycetes [1, 3]. According to the literature, more than a third
(37-45%) of soil isolates of cultured streptomycetes have an antagonistic activity
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to Cmm [13, 18], although their effectiveness does not go beyond laboratory
conditions. One of the reasons for the small number of drugs against phytopatho-
gens against the background of the mass of the claimed antagonists is the toxicity
(biocide) of their metabolites against the host plant. Determination of the active
substance after unproductive field studies is usually not performed, and results of
works are not published, to break such a closed circle is logical to study the biocide
action of known antagonists.

Streptomyces globisporus 3-1 and Streptomyces cyanogenus S136 strains,
which synthesize landomycins E and A, respectively, were active against
Cmm. Landomycins (L) E and A belong to the group of angucycline antibiotics
that induce apoptosis of cancer cells (human and animal) due to increase
levels of reactive oxygen species (ROS), do not intercalate into DNA and have
medical potential of antitumor activity [6, 15]. Little attention has been paid to
the study of the effects of such metabolites on phytopathogen-host systems, due
to the recommendation not to use medical antibiotics in agriculture [9]. On the
other hand, isolates have been isolated from natural niches (S. globisporus 3-1
soils of Armenia, S. cyanogenus S136 mountains of India [8, 14]), where they af-
fect plant systems, which requires studying the biocide action of their metabolites
in different natural models, in particular the phytopathogen-host.

The aim of the study was to determine the action of metabolites
of S. globisporus 3-1 and S. cyanogenus S136 on the phytopathogen C. michi-
ganensis 10, in vitro and on the seed germination, growth and yield of tomatoes in
vivo.

Materials and methods

The following were used: strain S. globisporus 3-1 — landomycin E produc-
er [7, 8] from the Laboratory of Genetics of Microorganisms collection of the
Zabolotny Institute of Microbiology and Virology (IMV) of the NASU; strain
S. cyanogenus S136 — landomycin A producer, kindly provided by D.A. Hopwood
of the University of East Anglia; phytopathogen C. michiganensis 10, — tester [2]
from the collection of the Department of Phytopathogenic Bacteria of the IMV
NASU. Experiments in the hothouse were carried out using seeds of Lana to-
matoes, fruit weight 80—110 g, manufacturer "Yaskravyy".

Streptomycetes growth mediums consist of (g/l): soy flour 20, NaCl 5,
glucose 20, pH 7.2 for strain S. globisporus 3-1 [7]; oat flour 20 [10], glycerin 10,
pH 6.8 for strain S. cyanogenus S136; cultures were grown on appropriate agar
mediums (15g/1 agar) for 3 and 5 days, respectively, 28 °C. Liquid mediums for
growing producers contained similar components without agar. Suspensions for
cultivation in the liquid medium were obtained by washed off a 7-day culture
from surfaces of slants with sterile water V=5 ml. Cultivation of S. globisporus
3-1 and S. cyanogenus S136 strains in liquid mediums was performed for 2 and
4 days, respectively, shaking at 240 rpm in dark condition at 28 °C. Micro-
biological agar with phytopathogen cells C. michiganensis 10, (MA) was
prepared on King's B medium [12]. The suspension for MA was prepared from
7-day culture, washed from a slant surface and was filtered through a sterile
cotton filter. The final titer MA was 10°-107 CFUs.
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The antagonistic activity of metabolites of S. globisporus 3-1 and S. cyano-
genus S136 strains against the phytopathogen was investigated by diffusion of
substances into agar MA. Blocks of streptomycetes d=10 mm were cut from
agar medium, placed on MA, cultured at t 28 °C and analysed during 3-14
days. Extraction of metabolites was performed from agar medium V=40 ml
with chloroform-acetone (2:1), 2-3 hours. The extract was evaporated, dissolved
in 2.0 ml of 96% ethanol (alcohol extract) and 100 ul of an aqueous solution
of alcohol extract (1:1) was carried into holes MA d=10 mm. Separation of ex-
tracts of the metabolites complexes was done by thin-layer chromatography (TLC)
[7], followed by determination of the active ingredient by diffusion into agar MA.

Tomato seeds were treated with substances V=10 ml for all variants ac-
cording to the scheme shown in table 1. The seeds were sown in non-sterile
soil of the hothouse and were lightly watered every day.

Table 1
Conditions and time of treatment of Lana tomatoes seeds
Code Seed processing conditions (15 pcs.), Time of treatment

Control Tap water, 1 hour
B Suspension of C. michiganensis 10,, titer 108-109 CFUs, 1 h
M3-1 Culture fluid with Metabolites of strain S. globisporus3-1, 2 hours
MS136 Culture fluid with Metabolites of strain S. cyanogenusS136, 2 hours
B+M3-1 Bacterial suspension, 1 h

Culture fluid with Metabolites S. globisporus 3-1,2 h

Bacterial suspension, 1 h
B+MS136 Culture fluid with Metabolites S. cyanogenus S136, 2 hours

The content of landomycins in the metabolites complex of the studied
strains was calculated mathematically. Landomycin E (LE) accumulates in the
medium in the amount of 200 mg/1 [7], landomycin A (LA) — 80 mg/l [10]. The
50 pl of extracts introduced into the well theoretically contained up to 0.2 mg LE
and 0.08 mg LA, the concentration during seed treatment was up to 0.2 mg/ml LE
and 0.08 mg/ml LA.

Results and discussion

Metabolites of S. globisporus 3-1 and S. cyanogenus S136 strains
have demonstrated an antagonistic activity against the phytopathogen. Clean
zones (inhibition of phytopathogen growth) with diameters of 45 and 35 mm
formed around agar blocks (Fig. 1.A) and holes with extracts (Fig. 1B) of
S. globisporus 3-1 and S. cyanogenus S136 strains, respectively. However, after
7 days, the clean zones around the blocks of the studied strains and holes with
streptomycetes metabolites decreased with the formation of no pigment zones of
phytopathogen with zone widths in 10£3 mm and 5+1 mm, respectively. It should
be noted that the biocide action of extracts of metabolites S. globisporus 3-1
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and S. cyanogenus S136 against the phytopathogen were equivalents. Clean
zones on the phytopathogen lawns around holes into which the same volumes
of extracts were applied, almost did not differ in size (Fig. 1B). However, the
concentration in the LE extract (0.2 mg) was 2.5 times higher than the con-
centration of LA (0.08 mg). It can be assumed that the phytopathogen
C. michiganensis 10, is more sensitive to S. cyanogenus S136 metabolite
than to S. globisporus 3-1 ones in vitro.

Fig. 1. Actions of metabolites S. globisporus 3-1 (photo 3-1) and S. cyanogenus S136
(photo S136) strains (A) and their extracts (B) against C. michiganensis 10, (lawn), 10 days

The effect of Streptomyces metabolites on the formation of no pigmented
zones of phytopathogen after 7 days of cultivation was proved by the holes
method. According to the literature, C. michiganensis 10, cells accumulate
lipids, the synthesis of which is visually manifested by pigmentation on cer-
tain media [2]. Probably, lipids oxidation could protect phytopathogen cells on
the periphery of the zones against the action of metabolites of the studied strains,
which was manifested by the absence of culture pigmentation.

Separated by TLC metabolites LE and LA showed antagonism to phyto-
pathogen without formation of no pigment zones after 7 days. An unequivocal
mind response of the effect of purified metabolites of the studied strains on
the growth ofphytopathogen without pigmentation was not obtained. According
to the literature, the strain C. michiganensis 10, does not synthesize enzymes of
oxidative protection [2], which would protect the culture from ROS, provoked
by LE and LA. Whereas lipid synthesis probably depended on the complex
action of metabolites of S. globisporus 3-1 and S. cyanogenus S136 strains.

The next step was to compare the biocide activity of metabolites S. glo-
bisporus 3-1 and S. cyanogenus S136 on the germination, growth and yield of
Lana tomatoes whose seeds were infected with phytopathogen and uninfected in
the hothouse (Table 2). Seeds germination in all treated variants was lower than
control: B, B+M3-1 and B+MS136 had almost twice lower level of germination;
M3-1 and MS136 had 73% seeds germination for both (Table 2). Shoots length
of the juvenile period of the tomato were different in variants: M3-1 and MS136
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were at the level of control; B and B+M3-1 were twice lower than control;
B+MS136 had severe growthretardation. In last variant the additive effect
of phytopathogen and producer metabolites on tomato seeds and plants
was observed. In all, the effect of S. globisporus 3-1 metabolite on the
processes of the juvenile period of tomato development was less than that of
S. cyanogenus S136 ones.

Table 2

The analysis of treatment seed germination Lana tomatoes their growth and yield

in hothouse conditions

Code* Germination, Shoot length**, Fruits number Fruit weight, g
pes (%) cm from the bush,
pes
Control 15 (100) 89 10-13 30-110
B 8(53) 4-5 10-13 20-50
M3-1 11 (73) 8-10 6-8 20-50
MS136 11(73) 7-8 Flowers without ovary, no fruit
B+M3-1 9 (60) 5-5.5 6-8 20-50
B+MS136 8 (53) 23 5-6 20-50

Note: *code of variants see in table 1; ** shoot length was measured after one month
of growth.

During the flowering and fruiting period, differences were observed for
MS136 tomatoes, the plants of which did not form ovaries for fruit formation
without visual defect of flowers. The appearance of plants from seeds M3-1 was
been with lowered and twisted leaves throughout the growing season (Fig. 2),
in other cases similar leaves was not observed.

Wi

Fig. 2. Defective leaves of plants from seeds treated with metabolites S. globisporus 3-1
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Fruit ripening for all plants was timely and even, without acceleration and
delay. Yield of variant B tomatoes did not differ quantitatively from controls, but
their fruits were smaller and the plants had visual signs of bacterial cancer of to-
matoes: spotting on the surface of the fruit, dense streaks inside the fruit, dry-
ing of shoots during fruiting. The yield of tomatoes of variants M3-1, B+M3-1
and B+MS136 was less fruits than of control and variant B, although the weight
of fruits did not differ from variant B ones. Visually, plants from seeds infected
and treated with metabolites of seeds (B+M3-1 and B+MS136) had no signs of
bacterial canker of tomatoes in the hothouse.

As a result of research in the hothouse, the biocide action of metabolites
of researched strains on Lana tomatoes in vivo was revealed. Metab-
olites of S. globisporus 3-1 and S. cyanogenus S136 strains with 0.2 mg/ml
LE and 0.08 mg/ml LA were toxic to Lana tomatoes, which led to the defect of
leaves and plants sterility, respectively. Plants from infected and treatment of
metabolites seeds visually showed no signs of bacterial canker of tomatoes, shoots
developed normally, sterility was absent. However, their germination, growth and
yield were lower than those of infected seeds.

Our results show the negative action on the host plant of the use
ofstreptomycetes metabolites, which are active against the phytopatho-
gen C. michiganensis 10, in the laboratory. Streptomyces are promising as antag-
onists to phytopathogens, but sometimes only in vitro because researchers in
the initial analysis do not know of their active substances and continue to work
with the most active of them, which may not meet expectations. For example, we
studied the soil streptomycete-isolate active against C. michiganensis 10, in vitro,
but treatment by its metabolites of tomato seeds led to plant sterility. The studies
were not continued due to economic inexpediency.

Cells of the phytopathogen penetrate to seed, develops in the intercellular
space of the shoot, clogging vessels and preventing the access of nutrients to plant
organs, which contributes to delayed shoot growth or seed lysis. Dry seeds in
a humid environment absorb the liquid with substances that pass through the seed
coat (testa) and through the micropyle (pore). In our case, these are metabolites
S. globisporus 3-1 and S. cyanogenus S136, in particular LE and LA. According
to the literature, the antitumor effect of landomycin E is provided by increasing hy-
drogen peroxide, which reduces transmembrane mitochondrial potential and ATP
synthesis in tumor [6], the action of landomycin A after 1 h increases 5 times the
level of ROS, which after 6 h led to the fragmentation of the nucleus [15]. That is,
the action of both landomycins results in the degradation of nuclear material due
to the formation of ROS. The latter are also products of seed synthesis during
germination, as they are involved in testicular destruction, cellular res-
piration, protection against pathogenic microorganisms and are controlled
by seed enzymes oxidoreductases [11]. However, it was shown that the action of
the complex of metabolites S. globisporus 3-1 with a LE 0.2 mg/ml provided a
defective condition of the plant, which is characteristic of the violation of abi-
otic factors (water, P, K and Mg) [5]. Treatment of seeds by metabolites of
S. cyanogenus S136 strain with LA in the amount of 0.08 mg/ml led to the sterility
of Lana tomatoes. The effect of metabolites of S. globisporus 3-1 and S. cyano-
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genus S136 strains with concentrations of 0.2 mg/ml LE and 0.08 mg/ml LA on
infected Lana tomato seeds had a contradictory effect: on the one hand, the plants
showed no signs of tomato bacterial canker, on the other hand, the metabolites
had a negative effect on the growth and yield of Lana tomatoes, but without
defective shoots and sterility of flowers.

Conclusions

The antagonism of S. globisporus 3-1 and S. cyanogenus S136 metab-
olites against the phytopathogen C. michiganensis 10, in laboratory condi-
tions was established. The biocide action of metabolites of the studied strains on
Lana tomatoes developed from phytopathogen-infected and uninfected seeds in
hothouse conditions was revealed. Metabolites of S. cianogenus S136 (with LA
0.08 mg/ml) had a more pronounced inhibitory effect on the seed germination and
yield of Lana tomatoes than metabolites of S. globisporus 3-1 (with LE 0.2 mg/ml).

C.JI. T'onemobioBcbKa, JI.B. Ioaimyxk, O.1. bamoypa
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BIOIUIHA 111 METABOJIITIB IITAMIB
STREPTOMYCES GLOBISPORUS 3-1
TA STREPTOMYCES CYANOGENUS S136

Pedepar

Axmyanohum € 0ocniddcenus Oioyuonoi 0ii memadonimie cmpenmomiye-
mig-aumazouicmie 00 30yOHuKa OaxmepiaibHo20 paxKy nomioopie ma Ha niooo-
sumicms pociunu-xasaina. Mema. Busnauumu 0il0 memabOonimie wmamie
Streptomyces globisporus 3-1 ma Streptomyces cyanogenus SI136 npomu
pimonamocenny Clavibacter michiganensis 10, in vitro ma na cxojcicmo
HaciuHus, picm maypodicatnicms nomioopie in vivo. Memoou. 3acmocogy-
8AIU  MIKPOOIONOSTYHT MemOoou 8 JNaDOPAMOPHUX YMOBAX MA ONUCOBO-NOPIG-
HATbHULL aHANI3 POCIY Ma po36UMKY nomioopie 6 ymosax menauyi. Pezynvma-
mu. Memabonimu S. globisporus 3-1 ma S. cyanogenus S136 npuenivysamu picm
pimonamozeny C. michiganensis 10,3 sonamu 45 ma 35mm in vitro, 6i0nogiono.
Ilepeonocisna obpobxa memabonimamu npooyyeumis S. globisporus 3-1 ma
S. cyanogenus S136 nacinmna nomioopie copmy JIana 3HudiCY8ANA CXOACICIb HA
27% ons 06ox, npuzeoouna 0o Oegexmie ¢hopm aucms ma CmMepurbHOCI
pocaun, 6ionosiono. Obpobra iHpiKoeano2co HacinHs memaborimamu 000X
wmamie cmpenmomiyemie He NOKPaugy8ail CXONCiCmyv, picm ma YporuCatHicms
6 NOPIBHAHHI 3 PO3GUMKOM POCAUH 3 THQIKOBAHO20 HACIHHI, XOYA OHU BI3VAlb-
HO He Manu Oeh)eKmHoCmi ma cmepuibHOCmI ma 03HAK OAKMEPIaibHO20 PAKY
nomioopie 6 ymosax menauyi. Bucnoeok: Bcmanosneno, wo memabonimu
wmamie S. globisporus 3-1 ma S. cyanogenus S136 maiomv 6ioyuony Oiio
0o ¢imonamozeny C. michiganensis 10, invitro ma na nomioopu copmy Jlana €
YMOBAX MENTUYI.

Kniwouosi cnosa: bioyuona 0is,  Clavibacter — michiganensis  subsp.
michiganensis, baxmepianvHuil paxk nomioopis, Streptomyces
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