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Abstract The experiments were aimedat study ing
the toleranceof thestudiedstrainsof Rhodococcus
sp.M1and Rhodococcussp. D1tothe presence of
Glyphosate (N- (phosphonomethyl) glycine) in the
culture medium. Arich organic medium (YEPD), a
mineralmedium (VD) with 1% glucose and a mineral
medium without a carbon source were used for
cultivation. Each of the media was supplemented
with Glyphosate, up to 0.3 g/l. The obtained data
showed that the tested strains grew well and were
tolerantto the presenceof Glyphosate in the media
used.

The purpose of the following experiments was to
determine the ability of both strains to degrade
glyphosate. By GC-MS analyses, it was foundthat a
strain of Rhodococcus sp. M1 utilized glyphosate as
the only carbonsource, degrading 36% of it within
120 hours. The other strain, over the same time
period, degraded 40% of the pesticide tested.
Glyphosate is one of the most widely used
organophosphate herbicides in modernagriculture.
The presented studies on the potential of newstrains
of Rhodococcus forits biodegradation contribute to
the complementarity of the known techniques for
bioremediation of polluted environment.
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1. Introduction

During the second half of the last century, continued
atthe beginning of the new century, glyphosate has
increasingly used as an herbicide in agriculture,
maintenance of parks,andhomegardens (Malik et
al.,1989; Baiand Ogbourne, 2016). Respectively, its
production is growing, which, according to trends,
should exceed 34 billion tonsin the near future. Its
intensive applicationhas long provoked discussion in
the scientific community about its impact on the

development of living organisms, and the
environment (Rueppel et al., 1977; Mertens et al.,
2018; Ayele and Assefa, 2017). Serious studies have
been published concerning the involvement of
microorganisms in the partial or complete
degradation of glyphosate (Obojska and Lejczak,
2003; Doubletetal.,2009; Zhanetal.,2018; Elarabi
et al.,, 2020). The existence of various metabolic
chains described contributing to its elimination, as
well as the occurrence of intermediates of
decomposition has beenstudied (Huangetal.,2005;
Sviridov etal.,2015; Manavetal,2018; Elarabi et
al.,2020).

To establish the degradation ability of soil
microorganisms towards glyphosate as a single
source of phosphorus, nitrogen, and/or carbon many
research hasbeenmade. So far, representatives of
Ochrobactrum, Burkholderia, Flavobacterium, and
other bacteria with the potential to participate in
bioremediation processes have been described
(Balthazor and Hallas, 1986; Hadi et al., 2013;
Manogaranetal.,2018;) There are notmanydata on
the use of the herbicide as the only source of carbon
(Streptomyces, Achromobacter, Stenotrophomonas,
Providencia) and its complete removal from
contaminated habitats (Sviridov et al, 2015;
Nourouzietal.,2017).

Studies have shownthatstrains of Rhodococcus sp.
D1 and Rhodococcus sp. M1 possesstolerance to the
presence of glyphosate in the environment, and were
able to utilize it, as the only source of carbon and
energy. Researchon theability of microorganisms
other than those described so far to utilize and
remove herbicides, including glyphosate, remains
important. They can contribute to a better
understanding of  the  possibilitiess  for
biotransformation, biodegradation, and the impact on
biodiversity in various areas of the environment
affected by such pollution.
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The strains studied in thiswork have been obtained
from polluted soils due to oil production of Kumkol,
Kyzylorda istrict in Kazakhstan.

In our studies, we have shown that strains of
Rhodococcus sp. D1 and Rhodococcus sp. M1
possessedtoleranceto the presenceof glyphosate in
the environment. Bothof themwere able to utilize
most of it asthe only source of carbon and energy.

2. Materialsand methods
2.1. Microbial cultivation

Strains Rhodococcus sp. M1and Rhodococcus sp.
Dlwere cultivated according to the purpose of
experiments in the following media:

Liquid complete medium Yeast Extract Peptone
Dextrose (YEPD), contained 10 g/l Yeast extract
(Sigma-Aldrch Co., USA); 20 g/l Peptone (Sigma-
Aldrch Co., USA), 10 ¢/l Dextrose (glucose).

Liquid mineral medium (VD): 1 g/ NHsNO3, 1 ¢/l
K2HPO4,1 g/l KH2PO4, 0.2 g/l MgS0O4, 0.02 g/l
CaClI2x6H20, 10 g/ NaCl, 0.01 g/l FeCls, with 0.3
mg/ml glyphosate (Sigma-Aldrch Co., USA), and
0.1% glucose; pH=7.0-7.2 (Spankulova etal.,2018).

Liquid VD medium complementedwith 0.3 mg/ml
glyphosateasa carbon source.
The strains were grown at aerationandat 30°C.

2.2. GC-MS analyses

The GC-MS analyses were performedon a Hewlett
Packard 7890 instrumentcoupled with MSD 5975
equipment (Hewlett Packard, Palo Alto, CA, USA)
operatingin EI mode at70eV.

3. Resultsand Discussion

The first group of experiments had the purpose to
find out whether the studied bacterial strains were
tolerantto the presence of glyphosate. Both of them
were cultivated under favorable nutritional and
temperature conditions. The cultivationexperiments
were performed in a rich organic medium (YEPD)
supplemented with glyphosate. Data on the tolerance
of the studied strains to the pesticide presence
showed thateach of them had the capability to grow
in the presence of glyphosate, included in different
concentrations (from 0.1¢g/1to 0.6 g/l). Lateron, the
microbial growth in the presence of glyphosate was
monitored in VD medium, including 0.3 ¢/l
glyphosate in the presence and absence of low
glucose concentration (0.1%).

The growth of both strains is comparable in the
presence of glucose in the medium. Better growth of
Rhodococcus sp. D1 compared to that of
Rhodococcus sp. M1 strain in the medium with
glyphosate as the only carbon source was noticed

(Fig.1).
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Figure 1. Growth curves of strains of Rhodococcus sp. D1 and Rhodococcus sp. M1 in mineral medium VD,
supplemented with glyphosate
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The gradual reduction of glyphosate concentrations
included in the medium as sole carbon sources has
following by gas chromatography-mass spectrometry
GC-MS). The concentrations detectedat 120" hour
cultivation were 19.67ug/ml for Rhodococcus sp.
M1, and 18.26 pg/ml for Rhodococcus sp. D1

(Fig.2).

a plant ofthe family Fabaceae, degradation of 97%
glyphosatehas been observedafter 20 days. (Massot
etal., 2021)

The obtained results convincingly show the
resistance of the studied strains to the presence of
glyphosatein the medium, as wellasthe ability to
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Fig. 2. GC-MSanalysis for biodegradation of glyphosate by starin:
a - Rhodococcus sp. M1and b- Rhodococcus sp. D1

Todate, a large number of promising bacterial strains
capable of participaton in bioremediation of
chronically contaminated with glyphosate soils and
waters have been brought to the scientific
community’s attention. A strain of Burkholderia
vietnamiensis has been described, whichistolerantto
glyphosateup to aconcentration of 500 ppm, and
92.32% ofthe herbicideata concentration of 100
ppm has degraded under optimal conditions for its
development. (Manogaranetal.,2018). A strain of
Bacillus aryabhattai FACU isolated from agro-
industrialsoil has showntolerance to high glyphosate
concentrations in a rich medium (Bacto-LB broth).
The strain also showed goodgrowth in mineral salt
medium containing50 mg/mland moreglyphosate.
(Elarabi et al., 2020) The matching of the strains
Ochrobactrum haematophilum P6BS-111 and
Rhizobiumsp. P44RR-XXIVatin vitroexperiments
hasresultedin the metabolism of almosthalf of 50
mg I glyphosate in 9 days. In the combination of O.
haematophilum P6BS-111and Lotus corniculatus L —

use it fortheirdevelopment. It should be pointed that
the mineral medium (VD) used for its cultivation
included compounds providing nitrogen and
phosphorus, but only glyphosate ensured the presence
of carbon. By the present study, members of the
genus Rhodococcus areincluded in the growing list
of bacteria capable of usingglyphosate as the sole
carbonsource.

To fully elucidate the mechanisms of glyphosate
biodegradation in nature, many questions remain to
be answered. The dataaccumulationon the processes
taking place in newly isolated representatives of
different bacterial species would contribute to its
solution and the possibility of its practical application
in bioremediation.
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