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Abstract

Phytopathogenic microorganisms are one of the most harmful biotic factors negatively
affecting on agriculture, horticulture and forestry. Proteases of various phytopathogens
including bacteria and fungi are well-known, such as like the proteases of human and animal
opportunistic pathogenic bacteria. And often a proteolytic activity is related to the pathogenicity
and virulence of the mentioned microbes. One of the most common pathogens of plants is
Pectobacterium carotovorum, which is also known as Bacillus carotovorum or Erwinia
carotovora. Current research is devoted to the study of extracellular proteolytic activity of P.
carotovorum 24 strains.

Keywords: pectobacterium carotovorum, biodegradation potential, antibiotic-
resistance, phytopathogenic microorganism, caseinase.

Introduction

Phytopathogenic microorganisms are presented by the large group of microbes, such as
like gram-negative and gram-positive bacteria and fungi [1]. They are able to become a cause
of various plant diseases. As a result of phytopathogenic microorganisms’ infections
bacterioses of plants are the main causes of agricultural production quality serious decrease [2,
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3]. One of the common phytopathogens is Pectobacterium carotovorum. P. carotovorum
phytopathogen was previously known as Bacillus carotovorum and then re-classified as
Erwinia carotovora [4].

The mainway of combating the pathogens in general are antimicrobial substances, such
as like they are broadly used biological, complex and combined methods of plant protection. In
these regards, antimicrobial resistance of phytopathogenic bacteria is one of the most important
challenges for the plant protection, what has a significantimpact on the quality of agricultural
production [5-7]. The main components of antimicrobials preparations are antibacterial
substances, such as like singular antibiotics and their combinations. But year after year, the
efficiency of these substances decreases, what led to the increase of antibiotics using volumes.
That is why the phenomenon of multi-drug resistance is well known and continues to become
more and more dangerous problem for humanity in general [8]. In contribution to the
aggravation of multi-drug resistance problem, the accessive usage of antibiotics and various
pesticides led to the decrease of agricultural production quality. As a result, all of these is very
negatively effects on the consumer’s health [8, 9].

Thus, it is extremely important to study the factors which form the resistance stability
and spread among the bacteria, 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 [10]. Another way is the usage of biopesticide,
bacteriocins and the biological enemies of target phytopathogenic bacteria. But unfortunately,
the main part of them is not so safe for mammalians, including human and agricultural animals.
Also, one of the prospective directions of the resistance overcoming is the elaboration of key
enzyme inhibitors, which are being broadly used as antiviral drugs [11-13]. In these regards,
proteolytical activity is one of the useful targets, because of its relation to pathogenicity and
virulence of many pathogens, including phytopathogenic bacteria, human opportunistic
pathogens, etc. [14].

In current paper, proteolytic activity of some phytopathogens was discussed for further
targeting for appropriate protease inhibitors elaboration and usage.

Conflict setting

During this research the bacterial strains from The National Collection of
Microorganisms of Microbial Depository Center (MDC) of “Armbiotechnology” Scientific and
Production Center (SPC) of National Academy of Sciences of Republic of Armenia (NAS RA)
were used [15].

Extracellular proteolytic enzyme qualitative assessment was carried out milk agar with
casein and gelatin appropriately. Caseinase activity was also defined by the method of
photographic film [16, 17]. The resistance of studied bacteriawas tested to various antibiotics
of different classes and generations. There were used the mainly used compounds, which are
broadly used in medicine, veterinary as well as in agriculture. The tests were carried out due to
the standard protocols [18].

There were used the following antibiotics: Amp/ampicillin, Amx/Amoxicillin,
Amc/Augmentin (from aminopenicillins of the class of B-lactamic antibiotics), Cfx/Cefixime,
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Cro/Ceftriaxone (the I and the III generation representatives of cephalosporins from 3-lactamic
antibiotics), Kan/kanamycin, Stp/Streptomycin (from aminoglycoside class of antibiotics),
Cip/Ciprofloxacin (from fluoroguinolone class of synthetic antibiotics), Tcn/Tetracycline (from
the class of tetracycline antibiotics), Azm/Azithromycin (from azalides of the class of macrolide
antibiotics), Cam/Chloramphenicol (form amphenicol class of antibiotics), produces by
“Astoria” company.

The genetical analysis of the studied bacteria were carried out by the generally accepted
methods of total (chromosome DNA) and plasmid DNA isolation, then the agarose gel
electrophoresis (0.8%-2.5%) and transformation by the method of Mandel [19].

Digital analysis of results was performed by ImageJ software [20]. The statistical
analyses were done due to standard protocols of Microsoft Excel program package.

Research Results

During the experiments which were carried out, that almost all the strains of the studied
phytopathogenic bacteriaare able to grow on milk agar media and destruct the casein of milk.
Thus, the majority of the studied P. carotovorum have demonstrated the presence of
extracellular caseinase activity.

The grade of its expression was different, depends to the particular strain. According to
the obtained results, the maximal intensity of milk caseine degradation was noted for the
following strains: P. carotovorum 8705 and P. carotovorum 8707. The minimal level of
extracellular caseinase activity was observed for strains P. carotovorum 8722 and P.
carotovorum 8698. In case of strains P. carotovorum 8694, P. carotovorum 8692, P.
carotovorum 8729, P. carotovorum 8771, P. carotovorum 8861 the extracellular caseinase
activity was not observed (tab. 1).

Table 1

Extracellular caseinase of P. carotovorum various strains.
Caseinase activity Caseinase activity

Strain (.)f !\/Iicropial .growth registration zone Strain (.)f !\/Iicropial.growth registration zone
Bacteria intensity (in mm) diameter (in mm) Bacteria intensity (in mm) diameter (in mm)

8702 1 1 8765 3 2

8703 2 5 8766 2 10

8705 2 10 8667 2 1

8707 2 10 8690 1 0

8712 3 5 8692 1 0

8713 1 5 8694 2 0

8717 1 1 8696 3 3

8717 1 1 8698 1 1

8721 1 3 8699 3 2

8722 2 1 8861 2 0

8729 0 0 8764 1 0

8771 1 0 8756 2 3

According to the results of computer analysis by the 3D reconstruction and thermogram
presented on fig. 1. in strains P. carotovorum 8698 and P. carotovorum 8794 caseinase activity
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is presented but the enzyme is not so active (Fig. 1). The previous research has demonstrated
the presence of different level caseinase activity in some other phytopathogenic strains such as
like Pseudomonas syringa, Xanthomonas vesicatoriaand Rhodococcus fascians [21].

Fig. 1 P. carotovorum extracellular caseinase qualitative assessment
on milk agar cultivation media and the digital analysis of it.

The tests of antibiotic-resistance of the studied bacteria have demonstrated the absence
of strains which would be absolutely sensitive to the considered antibiotics. The majority of
them have demonstrated multi-drug resistance and pan-drug resistance (tab. 2).

Table 2
Resistance (R) and sensitivity (S) of P. carotovorum different strains
to antibiotics of various classes and generations

Strain | Tcn | Cip | Cam | Azm | Stp | Gnc | Kan | Cro | Cfx | Amc | Amx | Amp | Pnc
8702 S S S R S S S R R R R R R
8705 S R R R R S R R R R R R R
8717 S R S R S S R R R R R R R
8718 S S R R S S S S R R R R R
8756 R R S R R S R R R R R R R
8764 R S R R S S S S R R R R R
8765 S S S S S S S S S R S R R
8690 R S S R S R S S R R R R R
8694 R S S R S S R S R R R R R
8698 S S S S S S S S S S R R R

At the next step of research, some genetical analyses were carried out. The results of
are presented on Fig. 2.
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Fig. 2 DNA Electrophoresis of the studied phytopathogenic
bacterial strains and the digital analysis of it
Strains: 1 —P. carotovorum 8699; 2 — P. carotovorum 8703, 3 — P. carotovorum 8758; 4 — P. carotovorum 8690;
5—P. carotovorum 8694; 5 — P. carotovorum 8702; 6 — P. carotovorum 8705; 7 — P. carotovorum 8717; 8 — P.
carotovorum 8718;9 — P. carotovorum 8756; 10 — P. carotovorum 8764; 11 — P. carotovorum 8765; 12 — P.
carotovorum 8692; 13 — P. carotovorum 8729.

The electrophoretic analyses of the isolated DNA have demonstrated the presence of
plasmids in main part of the studied strains of P. carotovorum. During all the experiments which
were done plasmid containing as well as non-plasmids strains of P. carotovorum were detected
in both caseinase-positive and caseinase-negative strains. Also, the diapason of antibiotic-
resistance of them was differenttoo and not related to the plasmid presence in cell. According
to the digital analysis of the obtained electropherograms, the molecular weight of the detected
plasmidsis different.

Then the transformation experiments with all the strains were carried out for the
understanding of the function of the detected plasmids. Besides, the transformation experiments
were carried out for the potential cryptic plasmid detection, which cannot be identified by the
direct electrophoretic study duy to the small quantity of copies in cell and other factors. In
experiments there were also included both antibiotic-resistant strains and the strains which
demonstrated the sensitivity to them.

For that purpose, as the donor there were used the caseinase-positive strains. By the
plasmid DNA, isolated from caseinase-positive strains the recipient cells of strains, which were
caseinase-negative were transformed. All the results of transformations were negative. Thus,
the defined plasmids are not transmitting caseinase activity. Thus, this activity is encoded by
the bacterial chromosome, as a part of gens, which ensure the primary metabolism of bacteria.
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Conclusion
According to the research among the 24 strains of P. carotovorum common plant

pathogenic microorganism, the extracellular protease activity was identified. The extracellular
caseinase activity was found in a majority of the studied bacteria. Caseinase activity of them is
not related to the antibiotic-resistance diapason. In one part of the studied strains the plasmids
with different molecular weight were identified. The experiments of transformation have
demonstrated that these plasmids are not able to transfer extracellular caseinase activity. Thus,
the found caseinase activity is encoded by the genes of bacterial chromosome and it can be
targeted for further research of proteases inhibitors for the combating this phytopathogenic
bacteria.
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MPNSENLhShY ULUShJNh@3UL NhRUNRULUWURPNRUL «PECTOBACTERIUM
CAROTOVORUM» $hSNMUSNGEL ULMEr NPNT SSUULEMNRU

U.U Ukpnufjut’, P.Q. Pwpwjwt'?
1< QUU «<Luwyphnipbfutingngpw»  FUY
2«Ugpnlbuwnnbuuninghuyh ghywlwt Yetpppnuy <UUL /6

dhunnwwpengbtu dhypnopquuphqdubpp wdbtwjuwuwlwnp YGEuuwagnpdnuubinhg Gu,
npnup  pwgwuwpwp U wlunpwnwnund - gyninwntnbunyEywu,  wigbgnpénipwu U
wunwnwiht nmunbunipjwu Ypw: <wynuph Gu wwppbp $hunnywengbuubph, win pYnud’
pwlwnbphwubph L uulbph, pusybu Lwb Jdwpnwug UL YGunwuhubph  hwdwp
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wwjdwuwlwunpbt  wiunwdhu dwuptubph wpnpbtiqtputpp: 64 hwéwfu wpnwnbnhinhy
wywnhyneniup yuwywsd £ updwsd dwuptubiph wwengbunyeywu U dhpniybunnygyuu hbwn:
Pnyubiph wdbbwwnwpwdjwd wfunmwsdhuutiphg dkyp Pectobacterium carotovorum-u L, npp
uwlb  hwwup Lt npwbu Bacillus carotovorum Ywd  Erwinia carotovora:  Unyu
hGunwagnwinigyntup  udhpdwd £ P carotovorum-h 24 pwnwdubph  wpunwpoowiht
wpnwbnhinhy wywnhynipjuu nwunwduwuhpniejwunp:

Pwtnuih  pwnbp'  Pectobacterium  carotovorum, Ybuuwpwjpwjdwu  ubpnud,
hwlwphnunhywlwyntunigyniu, hnnwwengtit dwupk, Ywqgbihtwg:

U3YYEHUE MPOTEOJUTUYECKOH AKTUBHOCTH Y HEKOTOPBIX
IMTAMMOB ®UTONMATOTEHHBIX BAKTEPUAH, IIPEJICTABUTEJIEN

«PECTOBACTERIUM CAROTOVORUMM»

M.A. Meakymsnl, B.I'. Badasnl2
LHIIL] « Apmbuomexnonozusy HAH PA
2« Hayunwiit yenmp azpobuomexnonozuuy, Quman HAYA

[MpennoxkeHa QUTONATOTCHHBIE MHKPOOPTaHU3MBI SBISIIOTCS OJHUM W3 CaMBbIX
BPEIOHOCHBIX OMOTHYECKHUX (PAKTOPOB, HETaTUBHO BO3/IEUCTBYIOLIMX Ha CEILCKOE X031 CTBO,
CaJIOBOAICTBO M JIECHOE XO3aWcTBO. [IpoTeasbl paznuyHbIX (PUTOMATOrEHOB, BKIIIOYAIOIIUX
0akTepuu U rpulbl, XOPOILIO M3BECTHBI, KaK M MPOTEa3bl ONMOPTYHHUCTHUYECKUX MATOICHOB
YeJI0BeKa 1 )KUBOTHBIX. I HepeIko MPOTeOIMTUYECKAsi aKTUBHOCTH CBSA3aHa C MAaTOI€HHOCTHIO
U BHUPYJEHTHOCTBIO YKa3aHHBIX MMKpoOOB. OmHMM M3 Haubosee pacnpoCTpaHEHHbIX
MaTOTEHOB pacTeHui siBisieTcst Pectobacterium carotovorum, takske u3BectHas kak Bacillus
carotovorum uiu Erwinia carotovora.

JlanHOE UCCIIeZIOBaHHE MIOCBSIICHO U3YYEHUIO HKCTPALICIUTIOIISIPHOM
MPOTEOIUTHYECKOM aKTUBHOCTH Y 24 mTamMMoB P. carotovorum.

Knrouesvle cnosa: Pectobacterium carotovorum, moTeHmuan Ouoaerpaaaluu,
AHTHOMOTHK-PE3UCTEHTHOCTD, QUTOMATOr€HHBIA MHKPOOPIaHU3M, Ka3eMHAa3a.
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