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Abstract. The problem of phytopathogenic microorganism harm for is very important for agricul-
ture and horticulture. Proteases various types are well-known for human and animal opportunistic
pathogens. Current research is devoted to the study of proteolytic activity and antibiotic resistance
in 9 strains very common phytopathogens: Rhodococcus fascians, Pseudomonas syringae, pv. syringae,

P. syringae, pv. tabaci, Xanthomonas beticola, X. vesicatoria.
Keywords: Phytopathogenic bacteria, proteolytic activity, antibiotic, Pseudomonas, Xanthomonas,

Rhodococcus.

Abstrakt (Anmerkung)

Das Problem der Schidigung durch phytopatho-
gene Mikroorganismen ist fiir die Landwirtschaft und
den Gartenbau sehr wichtig. Proteasen verschiedener
Arten sind fiir humane und tierische opportunistische
Pathogene gut bekannt. Die aktuelle Forschung wid-
met sich der Untersuchung der proteolytischen Ak-
tivitat und Antibiotikaresistenz in 9 Stimmen sehr
verbreiteter Phytopathogene. Rhodococcus fascians,
Pseudomonas syringae, pv. syringae, P. syringae, pv. taba-
ci, Xanthomonas beticola, X. vesicatoria.

Schliisselworter: Phytopathogene Bakterien,
proteolytische Aktivitit, Antibiotikum, Pseudomo-
nas, Xanthomonas, Rhodococcus.

Introduction

Phytopathogenic bacteria are the cause of the
range of agricultural crops diseases: bacteriosis of

plant different organs [ 1, 449-460; 2, S]. Pseudomo-
nas, Xanthomonas and Rhodococcus representatives
are the most common phytopathogens. Their nega-
tive impact on agricultural production quality is very
notable in various geographical zones of Earth, due
to their high adaptivity [3, 2; 4, 6]. Thr resistance
of phytopathogens to the plant protection prepa-
rations is a huge problem [5, 483-484]. The main
components of them are antibacterial substances,
such as like antibiotics (AB). But year after year, AB
efficiency decreases, that led to the increase of AB
using volumes. This phenomenon is well-known as
antimicrobial resistance [6, 147-151]. The broad
usage of AB led to the decrease of agricultural pro-
duction quality, what led to the negative impact on
its consumer’s health [7, 795; 8, 688]. Thus, it is
important to study the factors of pathogenicity and
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resistance for their further targeting for appropriate
novel antimicrobials elaboration. One direction of it
an implementation of new classes of substances for
plant protection, such as like tartaric acid derivatives
[9, 644-659]. Another way is the resistance over-
coming by the enzyme inhibitors, which are being
used as antiviral drugs [ 10, 87-95]. In current paper,
proteolytic activity of some phytopathogens was dis-
cussed for further targeting for appropriate protease
inhibitors elaboration and usage.

Materials and Methods

9 bacterial strains of Pseudomonas syringae, pv. sy-
ringae, P. syringae, pv. tabaci, Xanthomonas beticola, X.
vesicatoria, Rhodococcus fascians from The National
Collection of Microorganisms of Microbial Deposi-
tory Center (MDC), “Armbiotechnology” SPC, NAS
RA were used [11, 32-38]. Total enzyme (gelatinase
and caseinase) qualitative analysis was done on milk
agar with casein and gelatin appropriately. Caseinase
activity was also defined by the method of photo-
graphic film [12,21-24; 13, 129-134]. AB resistance
tests were carried out due to the standard protocols,

with the following AB: Amp/ampicillin, Amx/Amox-
icillin, Amc/Augmentin, Cfx/Cefixime, Cro/Cef-
triaxone, Kan/kanamycin, Stp/Streptomycin, Cip/
Ciprofloxacin, Tcn/Tetracycline, Azm/Azithromycin,
Cam/Chloramphenicol (“Astoria”) [14, 100]. The ge-
netical analysis were carried out by the total and plas-
mid DNA isolation, gel electrophoresis (0.8%-2.5%)
and transformation [ 15, 32]. Digital analysis of results
was performed by Image]J software [16, 1670-1678].
The statistical analyses were done due to standard pro-
tocols of Microsoft Excel program package.

Results and Discussion

The results of 3 series of experiments are sum-
marized in table 1. According to the presented data
proteolytic activity is presented in all the studied
strains. The maximum expression in visible after
96h of experiment. In case of 24h and 48h in some
strains it is not notable, while in some other strains it
is presented by very low-level of substrate decompo-
sition. It correlates with the well-known fact about
proteases wide diapason in pathogens of Pseudomo-

nas [17,5993-6002].

Table 1. Enzymes of phytopathogens

Bacterial | Collagenase/Gelatinase Gelatinase on method of | Zone of Caseinase activity
Strain on 0.6% agar + gelatin photographic film on 1% milk agar
24h 96h 24h, 48h 96h 24h 96h

1 2 3 4 S 6 7 8
. + +

8628 | 1 + + + + Bmm 33mm
+

*

8647 + + - + - 38mm

+* +
* *

8651 | 2 + + + + 4—Smm 31mm
+

8653 _ - - - _ 24mm
+ +

8680 3 - * - " 10mm 37mm
+ +

8681 + + + + Dmm 17mm
+ +

8657 \ + + + + lmm 32mm
+

8663 + + + + + 35mm
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1 2 3 4 S 6 7 8
+
8736 S - + - + - 30mm

1- Rhodococcus fascians, 2 — X. vesicatoria, 3 — X. beticola, 4 - P. syringae pv. tabaci, 5 — P. syringae, pv. lach-
rymans; “+” — activity presence, “-” — activity absence, “+*” — low activity at the initial stage of experiment;

activity zones are given in mm.

According to the results, the genes of enzymes
(gelatinase and collagenase) are inductive and are
actively expressed after the induction by the ap-
propriate substrate presence in cultural media.
The digital analyses of the decomposition of milk
casein are presented on figl. According to the re-

sults, the maximal level of caseinase expression
is in X. vesicatoria 8647. All the strains contain
plasmids with different molecular weight. Due
to transformation experiments, they don’t carry
extracellular caseinase, such as like the genes of
other proteases.
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v

Fig. 1. X. vesicatoria 8647 caseinase photo(A) and digital analysis (B)

AB resistance was tested on 13 mainly used
ones. There were chosen agricultural and medical
usage AB. It is important, because during the 2020
pandemic, the huge amounts of AB were spread in
environment with waste waters. Thus, the main aim
was to test soil phytopathogens resistance to AB
such as like azithromycin and ciprofloxacin, which
are anti-coronavirus drugs [18, 121]. According to
the results: P. syringae, pv. tabaci 8628i, X. vesicatoria
8647 and Rh. Fascians are resistant to Cro, Cfx, Amx,
Amp, Amc, Pcen; X. vesicatoria 8653 is resistant only
to Amp, Amc; X. vesicatoria 8651, X. beticola 8680,
8681 and X. vesicatoria 8653 were absolutely sensi-
tive to all the tested AB; P. syringae, pv. lachrymans
8736 was resistant to Tcn, Cro, Cfx, Pcn, Amx, Amp,
Gng, Cip; P. syringae, pv. tabaci was resistant to Kan,
Stp, Gng, Ten, Pen, Amx, Cfx, Cro. It is correlating

with the literature data about the multiple resistance
of Pseudomonas and Xanthomonas genera [19, 1-7].

Conclusion

During the tests on solid cultural media, only X.
vesicatoria 8653 and P. syringae, pv. lachrymans 8736
have not demonstrated collagenase activity, while in
X. vesicatoria 8647, 8651 activity low level was noted.
By the II method application, the activity presence
was proved for P. syringae, pv. lachrymans, 8736, X.
vesicatoria 8647, X. beticola 8680 strains within 96h.
After it, caseinase was indicated for all the tested
strains. It might be concluded that the studied extra-
cellular activity of these microbes has the key role in
their metabolism and pathogenesis processes. Thus,
the inhibition of it might have a significant impor-
tance for the combating of appropriate phytopatho-
gens of agricultural crops.
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