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Abstract.
Antimicrobial resistance is one of the most pressing issues of our time, according to
WHO’s reports over the past several years. And day by day the further aggravation of the
mentioned problem is being caused by increase in antibiotic usage values in various scopes of
mankind activity. That is why, the search of novel ecologically safe alternatives of classical
antibiotic therapy against pathogen microorganisms is very significant direction of research
world around. And it is important not only in case of human pathogens, but also for
opportunistic pathogenic microorganisms, pathogens of plants and animals that have a
significant impact on public health and agriculture.
During this research, 4 new synthetic derivatives of natural antimicrobial compound –
tartaric acid, were elaborated at the laboratory of new agrarian pesticides creation and the
quality control of National Polytechnic University of Armenia (NPUA). Their biological
activity and biodegradation potential were tested on different soil microorganisms, such as like
various strains of phytopathogenic Pseudomonas syringae, from The National Collection of
Microorganisms of Microbe Depository Centre (MDC), “Armbiotechnology” Scientific &
Production Center (SPC), National Academy of Sciences (NAS), Republic of Armenia (RA).
According to results, complex salts of tartaric acid are effective as the prospective and
a comparably ecologically safe alternative for combating antimicrobial resistance in this plant
pathogen P. syringae. Besides, the obtained substances are effective against the other
opportunistic pathogenic representatives of same genera, such as like P. aeruginosa and P.
fluorescens. Moreover, the mentioned compounds are biodegradable by soil non-pathogenic P.
chlororaphis.
Keywords: tartaric acid derivatives, Pseudomonas syringae, antimicrobial resistance,
phytopathogen.
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1. Introduction
Tartaric acid is a natural aldaric acids representative, which is mostly presented in
plants from algae to trees, being involved in various biosynthetic processes of their cells (Nunes
et al., 2012; Cholet et al., 2016). This acid and the salts of it (tartrates) are well-known as
antimicrobial active compounds, which are broadly used in chemical and food industry, as safe
preservatives and conservation agents (DeBolt et al., 2006; Maroun et al., 2017).
One of the prospective directions of antimicrobial active compound elaboration is the
derivatization of natural substances, such as like organic aldaric acid to the appropriate imides
and amides (Khan, 2012; Malik, 2013).
Pseudomonas are well-known as Gram-negative bacteria with extremely high level of
adaptation properties, including the resistance to various antimicrobial agents, such as like
antibiotics. Beside they are capable of degradation of different natural and toxic synthetic
xenobiotics. All these properties become a cause of additional complications for the treatment
of pseudomonas infections in animal, human and plant organism (Chakhtoura, 2018; Adesoji
et al., 2015).
P. syringae is the one of common phytopathogenic bacteria, represented world around.
As a plant pathogen, it can infect a wide range of species, and exists as over 50 different
pathovars. P. syringae overwinters on infected plant tissues such as regions of necrosis or
gummosis (sap oozing from wounds on the tree) but can also overwinter in healthy looking
plant tissues. In the spring, water from rain or other sources will wash the bacteria onto
leaves/blossoms where it will grow and survive throughout the summer. Infection and
pathogenesis of it by P. syringae tends to be favoured by wet, cool conditions – optimum
temperatures for disease tend to be around 12–25 °C, although this can vary according to the
pathovar involved. The bacteria tend to be seed-borne, and are dispersed between plants by
rain splash. The mechanisms of P. syringae pathogenicity can be separated into several
categories: ability to invade a plant, ability to overcome host resistance, biofilm formation, and
production of proteins with ice-nucleating properties (Scholz-Schroeder et al., 2003; Jeong et
al, 2016; Gomila et al., 2018).
These bacteria have a wide range of genetic mechanisms for synthesis of specific
enzymes and that is why it has high level of antibiotic resistance, as well as high virulence with
complex influence on plant immune system.
According to World Health Organization (WHO) reports, the problem of drug
resistance and the spread of it among the various pathogens today is being extremely important.
Thus, multidrug resistance is being considered as one of the research priorities of WHO for
this century. It is driven by the overuse of antimicrobials in people, but also in animals,
especially those used for food production, as well as in the environment. WHO is working with
these sectors to implement a global action plan to tackle antimicrobial resistance by increasing
awareness and knowledge, reducing infection, and encouraging prudent use of antimicrobials
(Martin, 2011; Sundin and Wang, 2018; De Araujo et al., 2019).
In current paper there were researched the influence of 4 new synthetic derivatives of tartaric
acid: benzylimide, cyclohexylimide, benzyl mono amino salt and cyclohexyl mono amino salt
of tartaric acid on growth of some phytopathogenic strains of soil Pseudomonas syringae.
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2. Methods
The new synthetic derivatives of tartaric acid: 2 imides and 2 complex salts, which are more
hydrophilic, were synthesized by two stage simple technology from the natural cream of tartar
which was elaborated in laboratory of new agrarian pesticide creation and the quality control,
NPUA (Dashchyan et al, 2014).
During the research there were used various non-pathogenic and opportunistic
pathogenic strains of Pseudomonas syringae, P. aeruginosa, E. coli from the National Culture
Collection of Microorganisms Depository Center at “Armbiotechnology” Scientific and
Production Center of National Academy of Sciences of Republic of Armenia.
All the researched strains of microorganisms were cultivated on various liquid and
solid nutrient agarised and selective cultural media. The selective media were containing 13
types of antibiotics of different classes and generations, mainly used in medicine, veterinary
and agriculture, according to standard protocols. There selective cultural media were
containing 50mkg/ml compatible antibiotic (Birger, 1982; Babayan, 2019; Babayan et al.,
2019)
The following antibiotics of different classes and different generations were used: from βlactamic - Pen/Penicillin, Amp/ampicillin, Amx/Amoxicillin, Amc/Augmentin, Cfx/Cefixime
and Cro/Ceftriaxone; from aminoglycosides - Gen/Gentamicin, Kan/kanamycin,
Str/Streptomycin; from fluoroquinolones - Cip/Ciprofloxacin; from tetracyclines Tcn/Tetracycline; from azalides of macrolides - Azm/azithromycin; from amphenicoles Chl/Chloramphenicol. All the used antibiotics were produced by “Astoria”. As the positive
and the negative control strains there were used the following antibiotic resistant and sensitive
bacteria: E. coli DH5α, E. coli DH5α/pUC18, E. coli DH5α /VOG16, E. coli DH5α/pkk, E. coli
DH5αPEC7, as well as P. aeruginosa 9056 and P. aeruginosa 5249 strains.
The antimicrobial activity tests were done according to standard protocols (Babayan et al.,
2019, Chaudhary et al., 2019).

Results and Discussion
During the tests of antibiotic resistance using 13 compounds, it was found out that the
researched strains are sensitive only to: ampicillin, ceftriaxone, kanamycin, ciprofloxacin, and
tetracycline.
The results of antimicrobial activity tests of 4 new synthetic derivatives of tartaric acid
(Fig. 1) are represented on table 1.
Figure 1: Synthetic derivatives of tartaric acid: a – benzylimide of tartaric acid, b – cyclohexylimide of
tartaric acid, c – benzyl mono amino salt of tartaric acid, d – cyclohexyl mono amino salt of tartaric acid.

a

b

c

d

Source: researched in this paper.
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Table 1: The effect of TA derivatives on Pseudomonas syringae. The strains were cultivated on media with 0.5M
and 0,1M consistence of TA derivatives: BI – benzylimide of TA, CI – Cyclohexylimide of tartaric acid, BAS mono amino salt of benzyl amine of tartaric acid; CAS– mono amino salts of cyclohexyl amine of TA; KT – tartrate
of potassium, NKT – sodium potassium tartrate, TA – tartaric acid; “+” – growth; L – lysis of cells; the diameters
of cells growth inhibition spots are presented in millimetres, С – control on nutrient agarised cultural media.

Strain of

BAS

BI

CI

CAS

KT

NKT

TA

C

P. syringae

0.5

0.1

0.5

0.1

0.5

0.1

0.5

0.1

0.5

0.5

0.5

8744

L

L

18

16

L

5

14

7

+

+

10

+

8740

15

+

18

17

15

8-9

7

+

+

+

8

+

8756

10

9

L

L

L

15

15

+

+

+

10

+

8656

12

12

L

L

L

15

15

10

5

+

10

+

Source: Researched in this paper.

During the experiments with various opportunistic pathogenic strains of Pseudomonas
and Stenotrophomonas genera it was found out that the minimal inhibition concentration of
researched compounds varies from 0,05M to 0,01M, depends to different strains, among which
there were indicated as non-plasmid strains as well as plasmid-containing strains. In case of
researched 4 strains of Pseudomonas syringae it was defined as 0,05M with inhibition zones
diameter 3 – 5mm.
As it is shown on table 1, the synthetic derivatives are more effective than the tartaric
acid and the natural salts of it. Only for one of strains benzyl mono amino salt is not effective.
Imides are more effective and led to lytic effect. According to previous research on other
representatives of Pseudomonas, these compounds showed the high efficiency but they are les
degradable by soil bacteria then mono amino salts. The usage of tartaric acid derivatives has a
range of advantages in comparison with other methods. Due to the previous research, it was
detected the absence or resistance spread by plasmids from strains of P. aeruginosa, P.
fluorescens, P. putida and S. maltophilia which were non sensitive to tartaric acid benzylimide
and cyclohexylimide as well as benzyl and cyclohexyl complex salts to different
representatives of Pseudomonas, Stenotrophomonas, E. coli and other species of Gramnegative microorganisms (Mikaelyan, et al., 2019).
It is also known that tartaric acid and its derivatives do not inhibit the viability of the
probiotic strains of Bifidobacterium and Lactobacillus in gastrointestinal tracts. Examples of
amino derivatives: mono-/di-amides and polyamides, was described that exhibit high
bactericidal on a number of pathogenic strains (E. coli, P. aeruginosa, Shigella sp., Salmonella
typhae, Bacillus subtilis, Bacillus cereus) and fungicidal activity (Trichophytum rubrum) (ElRefaie et al., 2006; Katarzyna et al., 2015; Babayan, 2019). Thus, available natural tartaric acid
and the derivatives of it, within the scope of the problem, may be the best alternative solution
in case of antibiotic resistant pests and pathogens.
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3. Conclusion
During all the experiments with tartaric acid synthetic derivatives in forms of imides
and complex salts of it on phytopathogenic Pseudomonas syringae some strains, the
antimicrobial effect of researched 4 compounds was noted. Benzylimide, Cyclohexylimide, as
well as benzyl and cyclohexyl mono amino salts had demonstrated themselves as effective
antibacterial compounds against the antibiotic resistant strains isolated from soil.
Antimicrobial activity of newly synthesized compounds in a majority of cases was
stronger than in case tartaric acid and the well-known derivatives usage. For all the researched
strains during the one week of cultivation there were no detected secondary growth after the
effect of 4 new synthetic derivatives of tartaric acid. In case of cyclohexyl- substituent
containing substances, the effect is stronger than in case of benzyl- substituted derivatives of
tartaric acid.
Thus, all the tested semisynthetic substances are recommended for further research of
their efficiency as prospective antibacterial agents and ecological safeness, being a potentially
biodegradative compounds.
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