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BIOLOGICAL PROPERTIES OF THE AGENT
OF SORYZ BACTERIAL SPOT IN UKRAINE

Soryz is a new promising agricultural crop. Sorghum leaf spots are one of the most common and harmful diseases of
these crops. Improving the technology of growing agricultural crops requires the development of methods of controlling
their pathogens, based on data on their distribution and properties. There is no information on the taxonomic status and
properties of the causative agents of soryz bacterial spot in Ukraine. The aim of the work was to identify the causative
agent of bacterial spots of a new sorghum crop — soryz in Ukraine and to study its biological properties. Methods. Iden-
tification of the causative agent of soryz bacterial spots was carried out in the Cherkasy and Kyiv regions of Ukraine in
2019-2023. Isolation of the pathogen and study of its morphological-cultural, physiological-biochemical properties were
carried out by classical microbiological methods using the NEFERMtest24 (MikroLaTEST®, ErbaLachema, Czech Re-
public) and API 20NE (Biomerieux, France) test systems. Electron microscopy, chromatographic separation, and iden-
tification of fatty acids were conducted at the Center for Collective Research of the Zabolotny Institute of Microbiology
and Virology of the National Academy of Sciences of Ukraine (IMV). The antigenic properties of isolated bacteria were
investigated by the agglutination reaction with antisera to five serological groups of Pseudomonas syringae strains. Iden-
tification of the obtained bacteria was carried out on the basis of their phenotypic properties and the results of MALDI-
TOF mass spectrometry on a VITEK MS mass spectrometer. Results. Affecting by spotting was noted in 2—27% of soryz
plants, and the development of symptoms of damage was 1—4 points. Bacteria with sorghum disease symptoms were
isolated, from which ten virulent isolates were studied in detail. According to the phenotypic properties, 9 isolates that
were similar to the characteristics of the typical strain of P. syringae UCM B-10277, were identified as P. syringae van
Hall 1902. One isolate belongs to phytopathogenic bacteria of the genus Pseudomonas according to its main properties,
but its taxonomic status within the genus needs to be clarified. In the cellular lipids strains isolated from affected soryz
plants, as well as in the type strain of P. syringae UCM B-10277, such fatty acids as dodecanoic, tetradecanoic, hexa-
decanoic, octadecanoic, cis-9-hexadecenoic, cis-11-octadecenoic, cis-9,10-methylene hexadecanoic, cis-9,10-methylene
octadecanoic acids were identified. In the cellular lipids of strains from soryz, fatty acids with an even number of carbon
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atoms predominate, the total content of which is more than 60% of all detected fatty acids. Isolates from soryz also con-
tain 3-hydroxydecanoic, 2-hydroxydodecanoic, and 3-hydroxydodecanoic fatty acids, the presence of which confirms
the belonging of the isolated bacteria to the species P. syringae. According to the antigenic properties, nine strains of P,
syringae isolated from soryz are homogeneous and belong to serogroup 1. One strain of Pseudomonas sp. does not belong
to any of the studied serogroups that parasitize grain crops. Belonging to the causative agent of soryz bacterial spots to
the species P. syringae was confirmed by the MALDI-TOF mass spectrometry method. Conclusions. Therefore, on the
base of our results, it has been established that the main causative agent of soryz bacterial spots in Ukraine is P. syringae.
According to antigenic properties, the population of the causative agent of soryz bacterial spots is homogeneous, which
makes it possible to develop serological rapid tests for the detection of the causative agent. By comparing the biological
properties of collection strains from sorghum, a species of Pseudomonas holci, which does not exist in modern taxonomy,
with the properties of strains from soryz, the typical strain of P. syringae UCM B-10277, we established that P. holci bac-
teria isolated in the Department of Phytopathogenic Bacteria of the IMV in 1968-1971 belong to the species P. syringae.

Keywords: Pseudomonas syringae, soryz, bacterial spot, virulence, serological properties, fatty acids, mass spectrometry.

Sorghum (Sorghum bicolor L.) is one of the old-
est agricultural crops in the world which has a
high food, energy, and fodder value [1] and is the
fifth cereal crop in the world after wheat, rice,
corn, and barley. According to the United Na-
tions Agricultural Organization, in 2022, about
74.5 million tons of sorghum was produced in
the world. Sorghum attracts special attention as
a promising crop to ensure food security in the
face of climate change and anthropogenic degra-
dation of agricultural land [2—4].

Ukrainian breeders have developed a new vari-
ety of sorghum called soryz (Sorghum orysoidum)
[5]. The new crop inherited the properties of sor-
ghum (drought and heat resistance, salinity toler-
ance, undemanding to soil conditions, etc.) and
has good taste, high vitreousness, hardness of the
endosperm, and the ability to extrusion.

In all cultivation regions, sorghum crops are
affected by leaf spots, which leads to significant
crop losses [6—8]. The agents of leaf diseas-
es of sorghum crops can be both micromycetes
and bacteria [6]. Among the agents of bacterial
diseases of sorghum, the following species are
known: Burkholderia andropogonis, Xanthomo-
nas campestris pv. holcicola, and Pseudomonas
syringae [6, 9, 10]. The development of methods
for controlling the agents of any agricultural crop
requires the availability of data on the spread of
phytopathogens in the region of cultivation. De-
spite the stable area of sorghum cultivation in
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Ukraine (about 50.000 hectares) [11], data on the
spread of the causal agents of bacterial diseases
are practically absent. On the territory of Ukraine,
employees of the Department of Phytopathogen-
ic Bacteria of the IMV of the NAS of Ukraine
have identified an agent of bacterial leaf spot of
sorghum Pseudomonas holci [12]. However, this
species is absent in the modern classification of
bacteria. In connection with climate change and
anthropogenic factors, it is possible to predict
the expansion of ranges and the increase in the
harmfulness of phytopathogenic bacteria, there-
fore, attention should be focused on the spread of
these bacteria on sorghum crops.

Therefore, the aim of the work was to identify
the causative agent of bacterial spot of the new
sorghum crop — soryz in Ukraine and to study
its biological properties.

Materials and methods. To establish the prev-
alence of bacterial spot and identify its causative
agent, sorghum crops were surveyed in the farms
of the Uman district, Cherkasy region, namely
the experimental farm of the Uman National
University of Horticulture, private farms of the
Mankivska and Zhashkivska hromadas, and ex-
perimental crops of Kyiv region. Surveys of sor-
ghum crops to determine the severity of bacteri-
al infection were conducted using the diagonal
method in 20 points, selecting 5 plants/point.
The development of symptoms of infection in
each plant was assessed on a scale of 0 to 5 (0 —
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undamaged, 5 — severely damaged plant). The
assessment was carried out for the stem, leaves,
and panicle using the following scale: from 1 to
10% of the stem and leaves turn red (1 point),
11—29% of the seeds have red dots (2 points),
20—30% of the seeds with red dots and infection
of the outer stem and leaves (3 points), 50—79%
of the leaf and 50—70% of the stem are affected
by spots (4 points), unripe seeds, 80—90% of the
leaf and 70% of the stem with oozing spots (5
points).

To isolate from the agent, plant samples with
typical symptoms of bacterial leaf spot were col-
lected: dark green spots, which later turn a light-
er color with different shades. Most of them are
concentrated in the upper part of the leaf, small
in size, round in shape, and increase over time.

To isolate the causative agent, plant samples
with typical signs of bacterial spot damage were
selected. Isolation of bacteria was carried out by
plating the pieces of plants, pounded with 0.1 mL
of sterile tap water, on potato agar. For the bacte-
ria isolation, parts of plants were selected on the
verge of healthy and damaged tissues [13].

The morphology and structure of bacterial col-
onies were studied after 72 h growing on potato
agar in Petri dishes [14], first observing with the
naked eye or a magnifying glass, and then with
a digital microscope Yizhan Digital Microscope
at 120X magnification. Cell morphology and
motility were determined in Gram-stained and
«crushed drop» preparations respectively under a
Sigeta MB-201 microscope using a one-day bac-
terial culture grown in nutrient broth (NB) [13,
14]. For the initial identification of the isolates
from soryz, the LOPAT test was used [14].

A sample of bacteria for electron microscopy
was grown in a liquid culture on an NB medium.
The morphological features of bacterial cells were
studied using transmission electron microscopy
(TEM) with a JEM-1400 electron microscope
(Jeol, Japan) at the Center for Collective Use of
the Zabolotny Institute of Microbiology and Vi-
rology of the NAS of Ukraine (IMV).
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To study the virulent properties of the isolated
strains, artificial inoculation of soryz plants (Sor-
ghum orysoidum (L.) Moench, variety Titan, in the
field and other sorghum in the greenhouse and
on field plots: sugar sorghum (Sorghum sacchara-
tum (L.) Moench.), variety Silosne 42, common
sorghum, grain sorghum, grain (Sorghum bicolor
subsp. bicolor), variety Svey, sudan grass (Sorghum
bicolor subsp. drummondii), variety Dniprovska
54) was carried out. Artificial infection of sorghum
plants was carried out by injecting a drop of bacte-
rial suspension with a density of 1x10” CFU/mL.
The development of visible signs of damage indi-
cated virulent properties. The results of artificial in-
fection were analyzed on a 5-point scale after 7—14
days, evaluated by the size of the necroses [15].

The ability of P. syringae to cause the hypersen-
sitive reaction on the tobacco variety Samsun was
determined by the leaf infiltration method [14].
A suspension of a one-day bacterial culture with
a concentration of 1 x 107 CFU/mL was injected
under the epidermis of the leaves using a syringe.
Sterile tap water was used as a negative control.
The presence of necrosis was observed after 24 h.

The biochemical properties of bacterial isolates
were studied by their ability to assimilate individ-
ual carbohydrates as the only source of carbon
nutrition using classical microbiological meth-
ods [13]. The NEFERMtest24 test system (Mikro-
LaTEST®, Erbalachema, Czech Republic) and
API 20NE (Biomerieux, France) test system were
used to study the physiological and biochemical
properties of bacterial isolates. The results were
analyzed according to the tables provided by the
manufacturer. Enzymatic and oxidative glucose
metabolism (OF-test) was determined using a
microplate (OFtest, Erba Lachema).

For comparative studies, strains of phyto-
pathogenic bacteria from the Ukrainian Col-
lection of Microorganisms of the IMV [16] and
the collection of the Department of Phytopatho-
genic Bacteria of the IMV were used: P. syringae
UCM B-10277, P. holci 8300, 8299, 8301; P. syrin-
gae pv. atrofaciens UCM B-10117,
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The oxidase activity was determined by the
method described by N. Kovach using a 1%
solution of N, N-dimethyl-n-phenylenediamine
sulfate. A positive oxidase reaction was detected
by the color change of the bacterial mass to dark
red in 5—10 sec [13].

The pectolytic activity was determined by in-
oculating a one-day bacterial culture on peeled
and sliced potatoes incubated under sterile con-
ditions in a humid chamber in a Petri dish [13].

In order to identify the isolated bacteria, the de-
termination of the fatty acid composition of total
cellular lipids was carried out. For this purpose,
fatty acid methyl ethers were obtained during
methanolysis of whole bacterial cells in a 5% solu-
tion of sulfuric acid in methanol [13]. Chromato-
graphic separation and identification of fatty acids
was carried out at the Collective Use Center of the
IMV. The separation of the fatty acid methyl es-
ters was carried out on the chromatographic mass
spectrometric system Agilent 6890N/5973 inert.
Peaks were identified by comparing their reten-
tion times with the retention times of standard
Bacterial Acid Methyl Ester Mix, as well as using
an integrated database of NIST 02 mass spectra.
The content of individual fatty acids was deter-
mined as the percentage of the total peak area.

Antigenic properties of bacterial strains were
studied by agglutination reactions [17]. Antisera
to P syringae strains of nine serological groups
[18]: P syringae UCM B-10277, P syringae pv. atro-
faciens UCM B-1013 — serogroup I; P. syringae pv.
atrofaciens K1025 — serogroup II; P. syringae pv.
atrofaciens UCM B-10117 — serogroup 1V; P. sy-
ringae pv. atrofaciens 948 — serogroup V; P. syrin-
gae pv. atrofaciens UCM B-1115, and P. syringae
8299 — serogroup VI were used in the studies.

The phytopathogenic bacteria isolated from
soryz were identified by comparing their prop-
erties with the characteristics of bacteria listed
in the Bacterial Identifier [19] and the collection
strains of bacteria.

Confirmation of the taxonomic position of the
isolated phytopathogens was carried out using
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Mass Spectrometry MALDI-TOF on a VITEK
MS mass spectrometer. A calibration curve of
the Escherichia coli strain ATCC 8739 grown for
24 h was prepared. A thin layer of cells from this
strain was plated onto a calibration target well,
and 1 pL of MATRIX was added to each calibra-
tion target well. The time was allowed until the
material on the target wells dried completely and
yellow crystals formed.

First, pure cultures of the studied bacteria were
prepared for 18—24 h, and a colony in a volume
of 1 uL was applied to the target well.1 uL of
MATRIX was immediately added to the applied
culture in the center of the target well. The target
wells were allowed to dry completely and MA-
TRIX crystals — to form. The slide was placed in
the instrument, and the instrument was run us-
ing the software until the process was completed.

Results. During the examination of soryz
plants, the presence of 2 to 27% of plants affected
by spotting with the development of symptoms
of 1—4 points was noted in all farms’ products.
The largest number of plants with signs of leaf
spot was observed in the farms of Kyiv region.
In some areas, up to 40% of plants were affected
by spotting.

The main symptoms of spotting on plant leaves
were rounded grey spots, red streaks, red dry spots
with red-brown borders, and red elongated spots
of various shapes: round or amorphous, elongated
with a dried black or greenish center (Fig. 1).

In areas where a significant number of plants
were affected by spotting, a decrease in crop and
the formation of fewer grains per panicle were
also observed.

With a significant development of symptoms
of spotting, the damage also spread to the stem
of the plants: reddening in the lower part of the
stems, closer to the root, and brown elongated
continuous spots from 0.5 to 3 cm, which spread
up the stem (Fig. 1).

Bacterial isolates obtained from soryz plants
affected by leaf spot were diverse in colony color
(gray transparent, gray-white, yellow, orange),

51



M.V. Reshetnikov, L.M. Butsenko, L.A. Pasichnyk

Fig1
35
S o o
55l eam
20+

Aggressiveness, points

O = =
S U © U»n
—
Y =
g

SIS S
qu}x%\q} %q}a%@ PV Y
&

Straine number

Fig. 2. The average aggressiveness of obtained bacterial
isolates on soryz plants (variety Tytan): 210342, 211141a,
211141, 210341, 21034, 210541b, 210541a, 210521,
21052, and 21054 — isolates from soryz, 8300 — Pseu-
domonas holci, UCM B-1027" — Pseudomonas syringae

Table 1. Characteristics of bacteria
isolated from soryz by LOPAT test

Biochemical tests*

Bacteria studied
LIO|P|A|T

Bacteria isolated fromsoryz | + | — | — | — | +
P syringae UCM B-1027" + ===+
P, holci 8300 PN D

*L— levane formation; O — presence of oxidase; P—
tissue maceration; A —arginine dehydrolase; T — hy-
persensitivity reaction

52

. Natural lesions of soryz plants: a, b — leaf; ¢ — stem; d — panicle of plants with a high level of damage

round, flat or slightly convex in shape, dense,
semi-transparent or opaque, and slimy with a
wavy or even edge. In artificial inoculation in the
field and greenhouse conditions, the main part
(60%) of the isolates was found to be virulent to
the soryz variety Tytan.

It is necessary to note that isolates that formed
gray semi-transparent flat with wavy edges of
colonies were virulent to soryz. Among them,
we selected 10 most typical isolates in terms of
morphological features but different in aggres-
siveness for further study of biological proper-
ties and identification (Fig. 2).

Bacterial cultures isolated from affected soryz
plants are virulent not only for soryz of the Ty-
tan variety but also for sugar sorghum (Sorghum
saccharatum (L.) Moench.), Silosne 42 variety,
common sorghum, grain sorghum (Sorghum
bicolor subsp. bicolor), Sway variety, and Sudan
grass (Sorghum bicolor subsp. drummondii), va-
riety Dniprovska 54 [15].

The morphological characteristics of the se-
lected ten virulent isolates from soryz are similar
to those of the genus Pseudomonas [19]. For the
initial identification of these isolates, the LOPAT
test was used to determine the affiliation of phy-
topathogenic bacteria to the P, syringae species. It
was found that all isolates were oxidase-negative,
produced levane on sucrose medium, did not
produce pectate lyase and argenine dehydrolase,
and caused a hypersensitivity reaction on tobac-
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co leaves, which is typical for phytopathogenic
bacteria of the Pseudomonas genus (Table 1).

These results indicate that the bacteria iso-
lated from soryz belong to the phytopathogenic
bacteria of the P. syringae species.

Electron and light microscopy methods re-
vealed that the studied bacteria were Gram-neg-
ative, motile, and rod-shaped (Table 2). The size
of the cells was 0.5—0.8 x 1.0—1.7 pm.

The isolates differed in their ability to use in-
dividual carbohydrates as the only source of car-
bon nutrition (use of sucrose, sorbitol, and inosi-
tol) and the presence of gelatinase (Table 2), but
most of them were similar to the characteristics
of P. holci strain 8300 and the typical P. syringae
strain UCM B-10277. Only isolate 21052 was dif-
ferent, as it did not use mannitol, arabinose, and
galactose like the other isolates from soryz and
collection strains.

To obtain more characteristics of the bacteri-
al isolates from soryz, the NEFERMtest 24 test
system was used (Table 3).

It was found that all isolates of bacteria from
soryz had negative results for the tests on ure-
ase, arginin, ornithin, lysin, acetamid, N-ace-
til-p-D-glucosamidase, simmons citrate. Isolate
21052 differed from the other isolates by not
utilizing xylosa, galaktose, saccharose, inositol,
esculine and not forming p-glukosidase.

Therefore, based on the conducted research,
the similarity of nine isolates of bacteria (210342,
211141a, 211141, 210341, 21034, 210541b,
210541a, 210521, 21054) with collection strains
from sorghum P. holci 8300 and 8299 and the
type strain P. syringae UCM B-1027" was estab-
lished. The isolates were identified as P. syringae
van Hall 1902. Isolate 21052 belongs to the genus
Pseudomonas, but its taxonomic status within
the genus needs to be clarified.

In the fatty acid composition of the cellu-
lar lipids of strains isolated from affected soryz
plants, as well as in the type strain of P. syringae
UCM B-1027" and the strain P. holci 8300, do-
decanoic, tetradecanoic, hexadecanoic, octade-

Table 2. Physiological and biochemical properties of bacteria isolated from soryz plants

Isolates from soryz
Tests 210342, | 211141a |210521 | 211141 | 21052 | P. holci P, syringae
21034, | 210341 | 21054 8300 |UCM B-1027T
2105418
210541a

Gram staining — — — — — — —
Cell shape r r r r r r r
Mobility + + + + + +
Spore formation — — _

Fluorescent pigment + + + + + + +
Production of indole and hydrogen sulfide — — — — — — —
Gelatinase — + — — — + +
Nitrate reduction — — — — — — —
Carbohydrate utilization:

Glucose, anaerobically — — — — — — —
Glucose, fructose, glycerol + + + + + + +
Mannitol, arabinose, galactose + + + + — + +
Lactose, rhamnose, maltose, dulcitol, inulin, salicin — — — — — — —
Sorbitol, inositol + + — + + + +
Sucrose + + — + — + +
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canoic, cis-9-hexadecenoic, cis-11-octadecenoic,
cis-9,10-methylenehexadecanoic, cis-9,10-meth-
yleneoctadecanoic fatty acids were identified
(Table 4). In the cellular lipids of the isolates from
soryz, fatty acids with an even number of car-
bon atoms predominated, namely hexadecanoic,
cis-9-hexadecenoic, and cis-11-octadecenoic ac-
ids. Their total content was more than 60% of all
detected fatty acids. Isolates from soryz also con-
tained 3-hydroxydecanoic, 2-hydroxydodeca-
noic, and 3-hydroxydodecanoic fatty acids, the
presence of which confirms the belonging of the
isolated bacteria to the species P. syringae.

To determine the antigenic affinity of P. syrin-
gae strains isolated from soryz, agglutination re-
actions were performed with antisera to strains of
bacteria that occur on sorghum and cereal crops
[17, 18]. It was found that the strains of bacteria
from soryz showed serological affinity to repre-
sentatives of four P. syringae serogroups (I, II, IV,
VI). However, the titers of the agglutination reac-
tion depended on the serogroup strain to which
it was obtained. None of the ten studied strains of
bacteria reacted in high titer (12800—25600) with
antiserum to the strain P. syringae UCM B-1027"
(Table 3) and belonged to serogroup I. With anti-

Table 3. Properties of bacteria isolated from soryz according
to the results of NEFERMtest 24 (MikroLaTEST, ErbaLachema)

Isolates from soryz
P, holci P, syringae
et it | s | 20s2 | 20 8299 UCM B—10271
21034

Urease — — — — — _
Arginin — — — — — _
Ornithin — — — — — —
Lysin — — — — — _
Acetamid — — — — — —

B — Glukosidase + + _ + + +
N—acetil—p—D—glucosamidase — — — — — —
Simmons citrate — — — — — +weak
Lactose — — — — — —
Mannitol + + — + + +
Trehalose — — — — — _
Xylosa + + — + + +
Arabinose + + + + + +

a — Galaktosidase — — — — — —

B — Galaktosidase — — — — _ _
Malonate — — — — — —
Galaktose + + — + + +
Maltose — — — — — —
Cellobiose — — + + — _
Saccharose + + — + + +
Inositol + + — + + +

y — Glutamyltransferase + + + + + _
Phosphatase — + — + +weak +
Esculine + + — + + +
54 ISSN 1028-0987. Microbiological Journal. 2023. (6)
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sera to strains of serogroups II and IV, all cultures
from soryz reacted in a low titer (100—800). All
strains from soryz reacted in the same low titer
(1600) with antiserum to strain 8299 (serogroup
VI). Strain 21052 differed: it reacted in a low titer
with antisera to P. syringae serogroups I, II, and
VI and did not react at all with antiserum to the
strain of serogroup IV.

Therefore, the obtained results indicate the se-
rological affinity of the P. syringae strains from
soryz with the strains of P. holci from sorghum
and other crops.

To confirm the affiliation of the isolated strains
of bacteria from soryz to the species P. syrin-
gae, matrix-assisted laser desorption/ionization
(MALDI-TOF) was used. Identification of mi-
croorganisms was based on obtaining a general
mass spectrum of proteins in the range of 1000—
10000 Dalton and bioinformatics comparison of
the obtained spectrum with the database of refer-
ence spectra of known species of bacteria.

MALDI-TOF MS confirmed that the strains of
P, syringae, the causative agents of soryz bacterial
spots, and the collection strain P. holci 8300 iso-
lated from sorghum plants are identical (Fig. 3).

So, on the basis of the conducted research, we
have established that the main causative agent of
soryz bacterial spots is P. syringae species.

Discussion. Soryz (Sorghum orysoidum) is
a new promising agricultural crop, in fact, it is
a new variety of cereal sorghum [5]. The new
crop has inherited the properties of sorghum
(drought and heat resistance, salt tolerance,
tolerance to soil conditions, etc.) and has good
taste, high vitreousity, endosperm hardness,
and extrusion ability [5]. Researchers from the
Department of Phytopathogenic Bacteria of the
IMV studied bacterial diseases of sorghum and
found that sorghum is affected by the bacterium
P. holci [12], which is not currently included in
the modern bacterial taxonomy. Therefore, the
virulent bacteria isolated from soryz were stud-
ied in comparison with the properties of strains
isolated from sorghum and collection cultures.
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Table 4. Fatty acid composition of total cellular lipids of P. syringae strains isolated from soryz
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According to the results of the studies, it was
found that soryz in Ukraine is affected by bac-
terial spotting, with symptoms similar to those
described by researchers in Ukraine on sor-
ghum [2]. The most characteristic lesions were
recorded on the leaves in the form of rounded
or elongated grey spots with red or brownish-red
borders, red strokes, and red dry elongated spots
with red-brown borders.

On the stem, reddening was more often de-
tected, starting from the lower part of the stem,
closer to the root, and brown elongated continu-
ous spots. Such a variety of symptoms is typical
for the sorghum disease, which, in addition to
the name «bacterial spot», has synonyms: red
bacteriosis and red bacterial blight. The percent-
age of affected plants on soryz ranged from 2 to

40%, depending on the year and location of the
study. This variation in the natural damage to
sorghum crops has been explained by some re-
searchers. Bacterial spot incidence is increased
by cold weather, rain, and high humidity [20].
Gaudet and Kokko [10] detected P. syringae on 8
to 67% of the sorghum seeds from different lots
and reported P. syringae to be the cause of poor
sorghum seedling emergence in Alberta, Cana-
da. They found large numbers of bacteria inside
the seed coat, distal to the coleorhiza, and on the
exterior of the seed in the region of the embryo,
after 3 days of germination.

Ten isolates of bacteria isolated from soryz,
whose colonies were round, grey, translucent,
smooth, with wavy edges, compacted, and with
a raised center, were virulent to soryz of the Ti-

Table 5. Results of agglutination reactions of P. syringae strains
from soryz with antiserum to strains of different serological groups

Titers of agglutination reaction with antiserum to strains of P. syringae, serogroups
Antigens UCM B-1027" 8300 K1025 PDDCC 4394 8299
of strains
I serogroup I serogroup II serogroup IV serogroup VI serogroup
Collection

K1025* 200 400 12800-25600 1600 12800
UCM B-10277 25600 3200 100 400 n/i

8299** 100 100 6400 12800 25600
8300** 12800 6400—12800 200 800 1600
8301** 200 400 1600 400 12800

From soryz

21054 12800 6400 100 400 3200
211141a 25600 6400 800 200 1600
211141 25600 6400—12800 800 400 1600
210521 6400—12800 800 400 400 1600
2105418 12800 6400 800 800 1600
210541a 12800 6400—12800 800 200 1600
21052 800 800 100 0 1600
210342 12800 12800 200 100 1600
210341 12800 6400 200 200 1600
21034 12800 6400—12800 800 400 1600

Collection strains: «*» — P. syringae pv. atrofaciens, «**» — P. holci strains from sorghum
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Fig. 3. Mass spectra of strains: a — 211141a from soryz; b — collection strain P. holci 8300 from sorghum.

tan variety. According to the morphology of the
colonies, virulent isolates were most similar to
phytopathogenic bacteria of the genus Pseudo-
monas [19]. These isolates were heterogeneous
in aggressiveness (from one to three points). In
addition to soryz, they infected sorghum vari-
eties (sugar sorghum and common sorghum),
Sudanese grass, and segetal vegetation under ar-
tificial inoculation [15].

The isolates from soryz did not differ by the
LOPAT test from the typical strain of P. syringae
UCM B-10277 and the collection strain from
sorghum P. holci 8300. The isolated bacteria were
identified by comparing their properties with
those of the typical P syringae UCM B-1027T
strain and the Bacterial Identifier [19]. According
to morphological and biochemical properties,
nine bacterial isolates (210342,211141a, 211141,
210341, 21034, 210541b, 210541a, 210521, and
21054) were identified as P. syringae van Hall,
as their properties were found to be similar to
the typical strain of P. syringae UCM B-1027".
We found that some characteristics (the use of
sucrose, sorbitol, and inositol, the presence of
gelatinase) of the isolates from soryz differed,
but most of them were similar to the typical P
syringae strain UCM B-1027". These minor dif-
ferences do not go beyond the biological proper-
ties of the P. syringae group, for which heteroge-
neity in the use of some carbon sources has been
noted by other researchers [21]. Pseudomonas

ISSN 1028-0987. Microbiological Journal. 2023. (6)

syringae, the causative agent of bacterial spot, is
a polyphage and one of the most common phy-
topathogens that cause bacterial diseases of var-
ious crops [9].

Isolate 21052, which differed in some proper-
ties from the characteristics of the typical strain
of P syringae UCM B-10277, was identified as
Pseudomonas sp.

An important diagnostic test for bacterial
identification is the determination of the fat-
ty acid composition of total cellular lipids. As
known, the most important value for the tax-
onomy of bacteria of the genus Pseudomonas is
given to the oxy-substituted fatty acids [22]. In
all strains isolated from soryz, 3-hydroxydeca-
noic, 2-hydroxydodecanoic, and 3-hydroxydo-
decanoic fatty acids were identified in amounts
less than 5%. The results we obtained on the
fatty acid composition of the cellular lipids of
P syringae are in agreement with the literature
data. According to D.E. Stead [22], saturated,
unsaturated, and oxy acids are found in the cells
of phytopathogenic bacteria of the genus Pseu-
domonas. On the basis of the detected hydroxy
acids (2-hydroxy, 3-hydroxy, and iso-branched-
3-hydroxy acids), called core, phytopathogenic
bacteria of the genus Pseudomonas were divided
into six groups. Pathovars of P. syringae belong
to group 1, subgroup la, all members of which
contain 10:0 3-OH, 12:0 2-OH, and 12:0 3-OH
hydroxy acids in amounts less than 5—6% [22].
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In terms of antigenic properties, nine strains of
P, syringae isolated from soryz are homogeneous
and serologically related to serogroup I. The
strain Pseudomonas sp. 21052 does not belong
to any of the studied serogroups, which may in-
dicate that it belongs to a new serological group.
P, syringae strains of serogroup I are common on
many crops: sorghum, Sudanese grass, lupine,
rye, oats, cabbage, segetal vegetation, and fruit
trees [17, 18]. It should be noted that the strains
of the sorghum bacterial spots are divided into
four serogroups — I, I, IV, VI, while the strains
from soryz belong to only one — serogroup I
This can be explained by the fact that soryz is
a newly bred crop and pathogens have not yet
adapted to it. On the other hand, there is evidence
of some restriction of P. syringae strains of some
serogroups to the host plant and the geographical
location of isolation of the pathogen strains. The
agent of soryz bacterial spotting was confirmed
by MALDI-TOF mass spectrometry to be P. sy-
ringae. Since the late 2000s, MALDI-TOF tech-
nology has been used in medicine for the rapid
identification of bacterial species [23]. The results
obtained using MALDI-TOF are diagnostically
significant. MALDI-TOF MS analysis is a meth-
od that has been used extensively for the identi-
fication of microbial species as it provides an op-
portunity to obtain reliable results quickly [24].
The researchers showed that thirteen of the fif-
teen strains of Pseudomonas identified by MAL-
DI-TOF MS analysis were further confirmed by
16S rDNA gene sequencing. This study revealed
the high discriminatory power of mass spectra
and 16S rDNA gene sequencing technology for
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the identification of Pseudomonas species associ-
ated with freshwater fish [24]. MALDI-TOF MS
has been shown to be more accurate than partial
16S rRNA gene sequencing for the identification
of some bacterial species (species of members of
the B. cepacia complex) [23].

Conclusions. The results of our study showed
that the main pathogen of soryz bacterial spot
in Ukraine is the species Pseudomonas syringae.
The population of the pathogen is homogeneous
in terms of antigenic properties, which makes
it possible to develop serological rapid tests for
the detection of the pathogen in the future. The
obtained results complement the scheme of se-
rogrouping of phytopathogenic bacteria of the
P. syringae group [18] with strains of the agent
of soryz bacterial spot that belong to serogroup
I. As for the collection strains from sorghum of
the species P. holci, absent in modern taxonomy,
comparing their biological properties with the
properties of strains from soryz, the typical strain
of P. syringae UCM B-1027%, and the properties
of P, syringae [19], we can state that the causative
agent of sorghum bacterial spotting isolated in
the Department of Phytopathogenic Bacteria of
the IMV of the NAS of Ukraine in 1968—1971,
is actually a species of Pseudomonas syringae.
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! TucruryT Mikpo6iosnorii i Bipyconorii im. [I.K. 3a6onoraoro HAH Ykpaiun,
By AkazieMika 3abonoTHoro, 154, Kuis, 03143, Ykpaina

2 HanjionanpHuiT yHiBEPCUTET XapIOBUX TEXHOTIOTIIL,

By/L. BomoguMupcobka, 68, Kuis, 01033, Ykpaina

BIOJIOTTYHI BTACTUBOCTI 3BYTHUKA BAKTEPIAJIbBHOT INTAMUCTOCTI COPM3Y B YKPATHI

Copus € HOBOIO NEPCHEKTUBHOIO CiTbCHKOTOCTIOIaPChKOIO KYNbTYpolo. [IIAMUCTOCTI MUCTA COPTOBUX € OHUMU
3 HaIOINVPEHIMNX i IKi/IMBUX XBOPOO IMX KYIBTYp. YIOCKOHAJIEHHS TeXHOJIOTI BUPOLIYBaHHA Ci/IbCBKOTrOC-
HOJAPCHKUX KY/IBTYP BUMArae po3pob/IeHHs: METOAIB KOHTPOJIIO IXHIX 30YAHNUKIB, 1110 6a3yI0ThCs Ha JAHUX LIOKO
IXHBOTO HOILIMPEHHs Ta BIACTUBOCTEI. BiloMOCTi CTOCOBHO TaKCOHOMIYHOTO CTAaTYCY Ta BIaCTUBOCTeI 30yIHNUKIB
OakTepiaTbHNUX IJIIMUCTOCTell copu3y B YkpaiHi BificyTHi. MeTa. MeToto po6otu 6ymo BusBuTH 30ygHMKa OaKTe-
piayIbHOI IIAMMCTOCTI HOBOI COPTOBOI KY/IBTYPU — COPM3Y B YKpaiHi Ta BUBUUTH J1OTO 6io/OTiYHI BIaCTMBOCTI.
Mertopu. BusBnenns s6ynHuKa 6akTepianbHOI IIAMUCTOCTI copusy 3piricHioBanyu y Yepkacokiit Ta KuiBcbkiit 06-
nacTAX Ykpainu B 2019—2023 poxax. I3omoBaHHs 30yIHMKA, BUBYEHHA JI0T0 MOPQOIOro-KyIbTypanbHuX, ¢pisi-
0710r0-6i0XiMiYHUX B/IACTUBOCTEN IPOBEEHO KIACHYHMMIU MiKpOOiONOriYHMMM MeTOJaMI Ta 3 BUKOPUCTAHHAM
tect-cricteM NEFERMtest24 (MikroLaTEST®, ErbaLachema, Czech Republic) i API 20NE (Biomerieux, France).
EnexTpoHHY MIKpOCKOIIifo, XpoMarorpadidte po3AieHHs Ta ifeHTHdIKaLio XXUPHUX KUCIOT BUKOHAHO y LleH-
Tpi KOJIEKTUBHOTO KOpUCTYBaHHsA [HCTUTYTY Mikpobiosorii i Bipycornorii HAH Vkpainu. AHTUre€HHI BIaCTUBOCTI
i3onpoBaHMX GaKTepiil BUBUYEH] 3a peaKLi€ro arIIOTHHALII 3 aHTUCUPOBATKAMM O LITaMiB P. syringae w'stu cepo-
NoriyHMX rpyI. IneHTudikanis Bupinennx 6axrepiit IpoBefeHa Ha OCHOBI IXHIX (PeHOTMUIIOBMX BIACTMBOCTEI Ta
3 BUKOPUCTaHHAM Manpi-rod Mac-criekrpomeTpii Ha Mac—crekTpomerpi VITEK MS. Pesymbratu. YpaxeHicTh
IUIAMYCTICTIO BigMivamy y 2—27% pOCIMH COpU3Y 32 PO3BUTKOM CUMIITOMIB ypaxkeHHs 1—4 6amu. 3 xapaKTepHMX
IJISL COPrOBUX CUMIITOMIB 3aXBOPIOBAHHS BUJIIeHI 6aKTepil, 3 AKUX JIeTalTbHO JOCIIIKEHO JeCATh BipyTeHTHUX
i3omsATiB. 3 HMX 32 (PEHOTUIIOBMMN BIACTUBOCTSIMHU 9 i30/IATiB, MOAIOHNMI JO XapPaKTEPUCTUK TUIIOBOTO LITAMY
Pseudomonas syringae YKM B-10277, 6ynu inentudikosai sk P. syringae van Hall 1902. Oyt i30714T 32 OCHOBHU-
MM BIACTMBOCTSMU HAJIOKUTD [0 piTomarorenHux 6axrepiit popy Pseudomonas, ane 10ro TaKCOHOMIUHMIT CTAaTyC
B MeXax pORy moTpebye yTouHeHHs. B KMPHOKMCTIOTHOMY CK/Iafi KIITMHHUX MMifiB, i30/IbOBaHNX 3 YPaXKeHNX
POC/IMH COPU3Y IITaMiB, 4K i y TunioBoro mramy P. syringae YKM B-10277 ta mrramy P. holci 8300, inentudikosano
TOZIEKaHOBY, TETPaJeKaHOBY, I'eKCaJleKaHOBY, OKTA/IEKaHOBY, Cis-9-TeKCaJleL|eHOBY, cis-11-0KTajeneHoBy, cis-9,10-
MeTWIEHI €KCa/IeKaHOBY, Cis-9,10-MeTUIeHOKTa/IeKaHOBY XXMPHi KMCIOTH. Y KIITMHHUX Jinigax 6akTepiit mepepa-
JKa7y KUPHi KMCIOTY 3 IIAPHUM YUCIOM BYITIELI€BUX aTOMiB, CyMapHMII BMICT AKMX CTAaHOBUB MOHaJ, 60% Bij ycix
BMABJIEHNX JKMPHIUX KUC/IOT. I3011bOBaHi i3 cOpU3y mITaMM TaKOX MIiCTATH 3-Ti[pOKCUIEKAHOBY, 2-TipOKCUIOfe-
KaHOBY i 3-TifIpOKCHUJOl€KaHOBY KUPHI KICIOTY, HaABHICTb AKUX MiITBEPIKY€E HATEKHICTh BUJIIEHNX i3 cOpusy
Gaxrepiit o BUny P. syringae. 3a aHTMTeHHMMM BJIaCTUBOCTAMU JieB ATb WITaMiB P. syringae, i3onboBaHi 3 copu-
3y, OBHOpiAHI i HazmexaTb 1o ceporpymu 1. Opun mrram Pseudomonas sp. He HaTeXUTb O SKOZHOIL 3 ZOCTIIKEHUX
Ceporpy, L0 MapasuUTYOTh Ha 3€PHOBUX KyAbTypax. HasmexxHicTb 1boro 30yaHMKa 6aKTepianbHOI IIAMUCTOCTI
copusy o Buny P, syringae 6yno ninrBepmxeHo MeTonoM Mac-criekTpockonii MALDI-TOE BucHoBku. Otxe, Ha
OCHOBI HaIllX pe3y/IbTaTiB BCTAaHOBJIEHO, I1J0 OCHOBHVM 30yJHMKOM 6aKTepiaIbHOI INIAMUCTOCTI copusy B YKpaiui
€ P. syringae. 3a aHTUI€HHVMIY BJIACTUBOCTAMI IONY/IALiA 30yHMKa OaKTepialbHOI IVIAMUCTOCT COPU3Y € OFHO-
PIAHOIO, 1110 POOGUTD MOXX/IMBUM PO3POOTIEHHS CEPOIOTIYHMX IIBUKIX TECTIB /IS I10T0 BUsIBIeHH:. II0piBHIOK0YN
6ioToriuHi BIacTMBOCTI HEICHYIOYOTrO B CY4YacHiil CHCTeMaTUIi KOJeKLiHUX mTamiB i3 copro Bugmy P. holci 3 Biac-
TUBOCTAMH IITaMiB i3 copusy, Tumosoro mramy P. syringae YKM B-1027%, mu BcTaHOBWIN, 11O 6akrepii P. holci,
BUJIi/TeH] y Bifnini pitomarorenHnx 6akrepiit y 1968—1971 pp., Hanexxatsb 1o BURY P syringae.

Kntouoei cnosa: Pseudomonas syringae, copus, 6axmepianvHa nasmucmicmo, 8ipyneHmHicmp, ceponoeiuni enacmu-
80CMI, HUPHI KUCTIOMU, MAC-CREKINPOMEMPIs.
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