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Priestia endophytica bacteria stimulate Rhodiola rosea L.
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Soil microorganisms, in particular so-called plant growth promoting rhizobacteria (PGPR), can positively affect plants,
stimulating growth by changing their metabolism. In addition, these bacteria synthesize hormone-like chemicals that
can influence the formation of primary roots. This work was aimed to determine the possibility of using the sterile
cell-free cultural medium obtained after the growth of endophytic bacteria Priestia endophytica UKM B-7515 strain
(test solution) to stimulate the rooting of a valuable medicinal plant Rhodiola rosea L. (golden root) shoots in in vitro
conditions and to study the physiological characteristics of the response of plants to treatment with such a medium.
Single treatment of golden root shoots with a sterile cultural fluid has led to stimulation of the growth of the root
system. The stimulating effect was manifested already at the beginning of cultivation. In particular, in seven days,
the average number of formed roots on one shoot was 3.6 £0.7 in the control and 7.5 2.1 in the experimental
variant. After 28 days, the rooting of shoots that were treated with the test solution occurred more intensively.
Thus, the number of roots formed on one shoot in the control and experimental variants was 7.9 +1.2 and 16.2 +4.8,
respectively. Treated plants exceeded the control one in parameters of root weight. In particular, the weight of the
roots in the control was 10.1 +4.0 and in the experimental plants - 18.6 +6.3. Thus, the culture medium obtained after
the cultivation of P. endophytica UKM B-7515 bacteria without the microorganisms themselves was able to stimulate
the process of rooting. Therefore, such a solution can be used for rooting plant shoots that need to be propagated in
in vitro culture.
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Introduction

The development of methods of cultivation of rare
plants with a rather small area is of considerable
interest especially if such plants can synthesize
a number of valuable biologically active compounds.
Rhodiola spp. belongs to such plants. The plants grow
in the arctic regions of Europe and Asia. Many Rhodiola
species, including Rhodiola rosea L. (golden root),
demonstrated numerous bioactivities. In particular,
the plants possess antidepressant, anti-inflammatory,
adaptogenic, and antitumor properties (Chiang et al,,
2015). The cultivation of golden root plants under
sterile conditions is a necessary element of the
biotechnology of these plants. In particular, such plants
can be used to study the peculiarities of the synthesis
of biologically active compounds that are characteristic
of R rosea. In addition, in vitro grown plants are
necessary for the development of technologies for the
genetic transformation of these plants.

The growing demand for R. rosea plants requires the
availability of plant material. However, wild harvest
cannot meet this demand. That is why methods of
microclonal propagation of these plants in in vitro
culture have been developed. Usually, various plant
growth regulators are used to root the shoots formed
in sterile conditions. In particular, indole-3-butyric and
indolyl-3-acetic acids were used for the stimulation of
R.rosea shootsrooting invitro (Tasheva and Kosturkova,
2010). At the same time, this process can probably be
stimulated by using soil microorganisms, in particular,
the so-called plant growth-promoting rhizobacteria
(PGPR). This is possible due to the production of plant
hormone-like chemicals by these bacteria.

The study of the interaction of microorganisms and
plants is one of the important aspects of evaluation
ways and mechanisms of adaptation. This is primarily
because microorganisms are part of the biocenosis of
the soil on which plants grow. Plants synthesize and
excrete compounds that are a source of nutrition for
microorganisms. At the same time, the latter, in turn,
are able to use the compounds contained in the soil,
making them bioavailable to plants and thus promoting
better plant growth.

Soil microorganisms can positively affect plants,
stimulating their growth by changing their metabolism.
In particular, it is known that bacteria of the Bacillus
genus, which are the componentofsoil microbiocenosis,
are able not only to increase the bioavailability of
chemical elements for plants (Kang et al., 2014; Kang
et al,, 2015a; Yousuf et al,, 2017) but also increase the
resistance of plants to stress factors and pathogenic

microflora (Gururani et al., 2013; Bashir et al,, 2021)
and synthesize growth-stimulating compounds
(Kang et al., 2015b). Such features of plant growth-
promoting bacteria are the basis for the development
of technologies for the use of these microorganisms to
stimulate plant growth, protect them from pathogens
and increase resistance to stress factors (Sharma et al,,
2022).

It should be noted the perspective of PGPR using to
stimulate plant growth in vitro. Obviously, the bacteria
cannot be used in the case of plant cultivation in sterile
conditions. At the same time, this approach is possible
due to the fact that culture fluid obtained during the
cultivation of the bacteria contains compounds that
can affect plant growth (Shao et al,, 2015). Thanks to
the presence of such compounds as indole-3-acetic
acid, the resulting culture fluid can be used for rooting
plant shoots in vitro and stimulating the growth of
the root system. Therefore, this approach is of special
interest for the cultivation of valuable medicinal plants
in sterile conditions.

Study of the possibility of using free of cells culture
medium obtained after the growth of Priestia
endophytica UKM B-7515 bacteria to stimulate the
growth of R. rosea in in vitro conditions was the
purpose of this work. Some biosynthetic parameters
of seedlings were also determined (the content of
photosynthetic pigments; total content of flavonoids;
antioxidant activity).

Material and methodology

Bacterial test solution preparation
and plant cultivation

Priestia endophytica UKM B-7515 strain from the
Ukrainian collection of microorganisms of the D.K.
Zabolotny Institute of Microbiology and Virology NAS
of Ukraine was used in the study. The bacteria were
cultivated in liquid LB medium at 37 °C for 24 h with
periodic stirring (180 rpm). The culture fluid was
separated from the cell biomass by centrifugation
at 9000 rpm (Eppendorf Centrifuge 5415C) for
10 minutes. The supernatant was sterilized by
filtration through a filter with a pore diameter of 0.2 pm
(Sartorius, Minisart) and diluted with sterile distilled
water up to the concentration of 20% to obtain the test
solution.

Biological material

Rhodiola rosea plants from the in vitro collection of the
Laboratory of Adaptational Biotechnology, Institute
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of Cell Biology and Genetic Engineering, NAS of Ukraine,
were used in the experiment. The apical parts of the
shoots were separated and transferred to Petri dishes
with the solidified half-strength Murashige and Skoog
nutrient medium (Duchefa Biochemie, Netherlands)
containing 2% sucrose. 30 pl of sterile test solution was
applied to the lower part of the shoots. In 28 days of
cultivation at a temperature of +24 °C the plants were
removed from the medium and washed with distilled
water. Morphometric and biosynthetic parameters
of seedlings were determined (weight of the shoots
and roots; content of photosynthetic pigments; total
content of flavonoids; antioxidant activity).

Chemicals

For the plants cultivation Murashige and Skoog solid
nutrient medium (Duchefa, Netherlands) was used.
The reagents (NaNO,, AlC13, NaOH, 2,2-diphenyl-
1-picrylhydrazyl radical) were of analytical grade
(Sigma-Aldrich). All solutions were prepared using
deinized water.

Total flavonoid content assay

Total flavonoid content was studied by a modified
method (Matvieieva et al., 2019). Before this study the
plants were homogenized in 70% ethanol, the resulting
extracts were centrifuged for 10 min at 10000 rpm
(Eppendorf Centrifuge 5415C), and the supernatants
were used for flavonoid content assay. The absorbance
of the samples was measured at 510 nm using the
spectrophotometer Fluorat-02 Panorama. Total
flavonoid content was calculated by the calibration
plot: C(rutin) = 0.7889D (R? = 0.9928) and expressed
as milligrams per gram of plant fresh weight in rutin
equivalent (mg RE.g* FW).

Antioxidant activity assay

The plant extracts obtained for the total content of
flavonoids study were used for antioxidant activity
analysis using 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) by the method described in (Brand-Williams
et al, 1995). The optical density of the mixture was
determined at 515 nm on the Panorama Fluorate-2
spectrophotometer. The inhibition percentage was
determined by the formula: I = [(A, - A,)/A0] x 100,
where A - absorbance of DPPH*; A, - absorbance of
the sample in the reaction. Equivalent concentration
(EC,,) was calculated as the corresponding weight of
plant material needs to obtain the extract with a 50%
DPPH* inhibition level.

Photosynthetic pigments assay

Pigments were determined spectrophotometrically
after extraction with 70% ethanol. The material was
triturated in a mortar and centrifuged for 10 min
at 10000 rpm (Eppendorf Centrifuge 5415C).
The supernatant was used in the study. The total
concentration of green pigments (C,,,) in the extracts
was determined at a wavelength of 652 nm and
calculated by the formula C_,, =29 D, (mg.L"), where

D, is the optical density of thbe solutigsri atawavelength
of 652 nm. The concentrations of chlorophyll a (C ) and
b (C,) were determined at a wavelength of 665 and
649 nm and calculated by the formulas C, = 11.63 D
(mg.L") and C, =20.11D,,, - 5.18 D, (mg.L"), where
D, and D ,, were the optical densities of the solution
at a wavelength of 665 and 649 nm, respectively.
Carotenoids (C) concentration was determined at
a wavelength of 440 nm by the formula C_ = 4,695
D,, - 0268 C_ ,, (mgL"), where D, was the optical
density of the solution at a wavelength of 440 nm. The
content of pigments was calculated according to their
concentration in solution and the weight of the starting

material in mg.g! of leaf weight.

665

Statistical analysis

All analyses were carried out in triplicate; growth
experiments were provided 7-9 times. Values were
represented as mean and standard deviation (SD). The
data were analyzed for statistical significance using
Student's t-test. P values less than 0.05 were considered
significant. The linear regression method was applied
and the coefficient of determination (R?) was calculated
for establishing the relationship between the values.

Results and discussion

Treatment of the shoots with culture fluid has led to
rapid root formation. In particular, after seven days,
the average number of formed roots on one shoot was
3.6 £0.7 in the control and 7.5 +2.1 in the experimental
variants (p <0.016) (Figure 1 a, b). After 28 days, the
number of roots naturally increased in both variants.
However, the rooting of shoots that were treated with
the test solution occurred more intensively. Thus, the
number of roots formed on one shoot in the control
and experimental variants was 7.9 +1.2 and 16.2 +4.8,
respectively (p <0.010) (Figure 1 c, d).

The weight of the roots of the control plants in 28 days
of cultivation was significantly (p <0.025) lower than
the same parameter of the roots of the treated plants
and was 10.1 #4.0 and 18.6 £6.3, respectively (Figure
2). The shoots of the treated plants also had a greater
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Figure 1 Formation of the roots on the control and treated Rhodiola rosea L. plants in 7 (a, b) and 28 (¢, d) days after
treatment with the test solution
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Figure 2  Weight of the roots and shoots of the control and treated Rhodiola rosea L. plants in 28 days of in vitro growth

(p <0.062) weight, which was 93.5 +26.4, while the
weight of the shoots of the control plants was equal
to 68.9 *22.1. Thus, a single treatment of R. rosea
shoots with a cultural fluid in in vitro conditions has
led to a significant stimulation of the growth of the root
system. The stimulating effect was manifested already
at the beginning of cultivation.

We used the bacterial strain isolated from cotton plants
and described earlier (Reva et al.,, 2002). Previously,
the chemical composition of the culture medium was
determined after one day of cultivation of the bacteria.
In particular, indol-3-butyric and indole-3-acetic acids
(IAA),whichwere synthesized inthe process ofbacterial
growth, were found in the nutrient medium for 59 and
757 ug.Ll, respectively. These chemicals are known as
the most common hormones of plants (auxins) which
take part in the regulation of various plant growth
processes. The compounds can be synthesized also in
different microorganisms. In particular, Pseudomonas,
Rhizobium, Azospirillum, Enterobacter, Azotobacter,
Klebsiella, Alcaligenes, Pantoea and Streptomyces
were found to produce IAA (Apine and Jadhav, 2011).
IAA affects the induction of lateral and adventitious
root formation in plants (McSteen, 2010). Park et al.
(2017) demonstrated that adding IAA exhibited the
highest levels of shoot and root and the fresh weight
of common buckwheat plants. IAA also affected
increasing the size of xylem cells (Uggla et al., 1996)
and stimulated plant growth (Chhetri et al., 2022). This
hormone demonstrated the properties of signaling
molecules in plant-microbe interactions, taking part

in the symbiosis between microorganisms and host
plants (Spaepen et al.,, 2007; Malhotra and Srivastava,
2009; Duca et al., 1014). Based on the above data, it
can be assumed that the obtained in our experiments
effect of stimulating the growth of R. rosea plants, in
particular, increasing the weight of the root system,
may be associated with the presence of IAA in the test
solution. Some biochemical parameters of the plant of
both experimental and control variants were studied
(Figure 3).

In the study of Sharma et al. (2022), treatment of plants
with Priestia endophytica SK1 bacteria stimulated not
only plant growth but also increased nitrogen and
phosphorus content, as well as the concentration
of phenolic compounds in fenugreek plants. In our
experiments, there we no statistical differences in total
flavonoid content (p <0.5) and antioxidant activity
(p <0.95) in the control and treated plants. In particular,
the content of flavonoids in the control plants was
1.2 0.3 mgRE.g? FW, and in treated plants - 1.0 £0.1 mg
RE.g' FW. A similar absence of significant changes was
found in the analysis of the content of photosynthetic
pigments and carotenoids. This lack of change can be
explained by the fact that the test solution was used
in a small amount (only 30 pl per shoot). Apparently,
this amount was sufficient to stimulate the process of
shoot formation, probably due to the presence of 1AA.
However, higher concentrations of active compounds
are required to initiate changes in the synthesis of
secondary metabolites. This assumption is confirmed,
in particular, by the results of studies on the effect of
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content (c) in the shoots of the control and
treated Rhodiola rosea L. plants in 28 days of in
vitro growth

[AA on plant growth and on the secondary metabolism
of buckwheat (Park et al., 2017). Authors found that
the treatment of plants with IAA at a concentration of
up to 1.0 mg.L! has led not only to the stimulation of
root growth, but also to an increase in the content of
the total phenolic compounds and some flavonoids, in
particular, 4-hydroxybenzoicacid, catechin, chlorogenic
acid, caffeic acid, epicatechin, rutin, and quercetin.
Treatment of tomato plants with Bacillus licheniformis,
Priestia megaterium, Bacillus subtilis, and Bacillus
amyloliquefaciens resulted in an increase in dry weight,
the photosynthetic rate, and the content of carotenoids
(Katsenios et al., 2021). However, the above studies
used bacteria and not sterile culture fluid. Obviously,
this can explain the lack of effect of treatment with
the test solution on the content of flavonoids and
photosynthetic pigments in our experiments.

Conclusions

Thus, it was established that a single treatment of
R. rosea shoots with a sterile culture medium obtained
after the cultivation of Priestia endophytica UKM B-7515
bacteria allows stimulating significantly the formation
of roots. However, this treatment did not affect the
synthesis of flavonoids, the level of antioxidant activity,
and the content of photosynthetic pigments. The result
indicates the possibility of using free of bacterial cells
solution for quick and effective rooting of shoots of
valuable medicinal plants in in vitro conditions.

Conflict of Interests

Authors declare any Conflict of Interests.

Ethical statement

This article doesn’t contain any studies that would
require an ethical statement.

Funding

This research was partially supported by Vishegrad
Foundation via grant No 52210687.

Acknowledgements

The publication was prepared with the active
participation of researchers in International Network
AgroBioNet.

References

Apine, 0.A, & Jadhav, J.P. 2011. Optimization of medium
for indole-3-acetic acid production using Pantoea
agglomerans strain PVM. In | Appl Microbiol, 110,
1235-1244.
https: iorg/10.1111/j.1365-2672.2011.04976.X

Slovak University of Agriculture in Nitra

www.uniag.sk

- 154~ ISSN 2585-8246



Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 149-155

Bashir, S., Igbal, A, Hasnain, S. & White, ].F. 2021. Screening of
sunflower associated bacteria as biocontrol agents for
plant growth promotion. In Arch Microbiol, 203, 4901~
4912. https://doi.org/10.1007/s00203-021-02463-8

Chiang, H.M,, Chen, H.C., Wy, C.S,, Wu, PY,, & Wen, K.C. 2015.
Rhodiola plants: Chemistry and biological activity.
In Journal of Food and Drug Analysis, 23(3), 359-369.
h : i.org/10.1016/].JFDA.2015.04.

Chhetri, G., Kim, ., Kang, M., So, Y., Kim, ]., & Seo, T. 2022. An
Isolated Arthrobacter sp. Enhances Rice (Oryza sativa
L.) Plant Growth. In Microorganisms, 10(6), 1187.
https: i.org/10.3390/microorganisms1 1187

Duca, D., Lorv, ], Patten, C.L., Rose, D., & Glick, B.R. 2014.
Indole-3-acetic acid in plant-microbe interactions.
In Antonie Van Leeuwenhoek, 106(1), 85-125.
https://doi.org/10.1007/s10482-013-0095-

Gururani, M.A., Upadhyaya, C.P, Baskar, V., Venkatesh,
], Nookaraju, A, & Park, SW. 2013. Plant Growth-
Promoting Rhizobacteria Enhance Abiotic Stress
Tolerance in Solanum tuberosum Through Inducing
Changes in the Expression of ROS-Scavenging Enzymes
and Improved Photosynthetic Performance. In Journal
of Plant Growth Regulation, 32(2), 245-258.
https://doi.org/10.1007/s00344-012-9292-6

Kang, S.-M., Radhakrishnan, R, You, Y.-H,, Joo, G.-].,, Lee, I.-
], Lee, K.-E., & Kim, J.-H. 2014. Phosphate Solubilizing
Bacillus megaterium mjl1212 Regulates Endogenous
Plant Carbohydrates and Amino Acids Contents to
Promote Mustard Plant Growth. In Indian Journal of
Microbiology, 54(4), 427-433.
https://doi.org/10.1007/s12088-014-0476-6

Kang, S.M., Radhakrishnan, R., Lee, K.E., You, Y.H., Ko, J.H,,
Kim, J.H., & Lee, 1.]. 2015a. Mechanism of plant growth
promotion elicited by Bacillus sp. LKE15 in oriental
melon. In Acta Agriculturae Scandinavica Section B: Soil
and Plant Science, 65(7), 637-647.
https://doi.org/10.1080/09064710.2015.1040830

Kang, S.M., Radhakrishnan, R, & Lee, 1.J. 2015b. Bacillus
amyloliquefaciens subsp. plantarum GR53, a potent
biocontrol agent resists Rhizoctonia disease on Chinese
cabbage through hormonal and antioxidants regulation.
In World journal of Microbiology and Biotechnology,
31(10),1517-1527.
https: i.org/10.1007/S11274-015-1896-

Katsenios, N., Andreou, V. Sparangis, P, Djordjevic, N,
Giannoglou, M., Chanioti, S., Stergiou, P, Xanthou, M.Z.,
Kakabouki, 1., Vlachakis, D., Djordjevic, S., Katsaros,
G., & Efthimiadou, A. 2021. Evaluation of plant growth
promoting bacteria strains on growth, yield and quality
of industrial tomato. In Microorganisms, 9(10), 2099.
https://doi.org/10.3390/MICROORGANISMS9102099

Malhotra, M., & Srivastava, S. 2009. Stress-responsive indole-
3-acetic acid biosynthesis by Azospirillum brasilense SM
and its ability to modulate plant growth. In European
Journal of Soil Biology, 45(1), 73-80.
https://doi.org/10.1016/].EJ]SOBI.2008.05.006

McSteen, P. 2010. Auxin and monocot development. In Cold
Spring Harbor Perspectives in Biology, 2(3), a001479.
https://doi.org/10.1101/CSHPERSPECT.A001479

Park, C.H,, Yeo, H.J., Park, Y.J., Morgan, A.M.A,, Arasu, M.V,, Al-
Dhabi, N.A., Park, S.U., & Cravotto, G. 2017. Influence
of Indole-3-Acetic acid and gibberellic acid on
phenylpropanoid accumulation in common buckwheat
(Fagopyrum esculentum Moench) Sprouts. In Molecules,
22(3),374.

h : i.org/10. MOLECULES22 4

Reva, O.N., Smirnov, V.V, Pettersson, B., & Priest, FG.
2002. Bacillus endophyticus sp. nov., isolated from
the inner tissues of cotton plants (Gossypium sp.). In
International Journal of Systematic and Evolutionary
Microbiology, 52(1), 101-107. https://doi.
rg/10.1 207713-52-1-101/CITE/REFWORK

Shao, ], Li, S., Zhang, N., Cui, X., Zhou, X, Zhang, G., Shen, Q.,
& Zhang, R. 2015. Analysis and cloning of the synthetic
pathway of the phytohormone indole-3-acetic acid in
the plant-beneficial Bacillus amyloliquefaciens SQR9. In
Microbial Cell Factories, 14(1), 1-13.
https://doi.org/10.1186/S12934-015-0323-4 /FIGURES /3

Sharma, K., Sharma, S., Vaishnav, A, Jain, R., Singh, D., Singh,
H.B., Goel, A., & Singh, S. 2022. Salt-tolerant PGPR strain
Priestia endophytica SK1 promotes fenugreek growth
under salt stress by inducing nitrogen assimilation
and secondary metabolites. In jJournal of Applied
Microbiology, 1-12.

https://doi.org/10.1111/JAM.15735

Spaepen, S., Vanderleyden, ], & Remans, R. 2007. Indole-
3-acetic acid in microbial and microorganism-plant
signaling. In FEMS Microbiology Reviews, 31(4),
425-448.
https://doi.org/10.1111/].1574-6976.2007.00072.X

Tasheva, K., & Kosturkova, G. 2010. Bulgarian golden root in
vitro cultures for micropropagation and reintroduction.
In Central European Journal of Biology, 5(6), 853-
863. h : i.org/10.24 11 -010- 2-
MACHINEREADABLECITATION/RIS

Uggla, C., Moritz, T, Sandberg, G., & Sundberg, B. 1996. Auxin
as a positional signal in pattern formation in plants. In
Proceedings of the National Academy of Sciences, 93(17),
9282-9286.
https://doi.org/10.1073 /PNAS.93.17.9282

Yousuf, ], Thajudeen, ], Rahiman, M. Krishnankutty, S,
Alikunj, A.P, & Mohamed, M.H. 2017. Nitrogen fixing
potential of various heterotrophic Bacillus strains from a
tropical estuary and adjacent coastal regions. In Journal
of Basic Microbiology, 57(11), 922-932.
https://doi.org/10.1002/JOBM.201700072

Slovak University of Agriculture in Nitra
www.uniag.sk

-155-

ISSN 2585-8246



