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Abstract. The current paper deals with new metabolites of different groups produced by the
Azotobacter chroococcum XU1 strain. Until now, a wide variety of secondary metabolites were
documented for this species, but some compounds are being reported for the first time. These
compounds—representatives of lactones. An important finding within this survey was the
production of lactones, namely 1,5-D-gluconolactone and D, L-mevalonic acid lactone. It is
interesting to note that the strain produced 1,5-D-gluconolactone as a response to the substrate
modification (C-source): in the D-glucose supplemented Ashby, the major compound was 1,5-D-
gluconolactone instead of EPS (which is produced in the sucrose supplemented Ashby).
Keywords: A. chrooccoccum, lactones, 1,5-D-gluconolactone.

Introduction

Azotobacter chroococcum is a nitrogen-fixing rhizobacterium of the Azotobacter genus of
the Pseudomonasaceae family [1]. As other representatives of the genus, the bacterium also
produces physiologically active compounds like indole compounds like indole-3-acetic acid (IAA)
and other auxins [2, 3], gibberellins, cytokinins, aminoacids [4], vitamins [5], and a wide variety
of other compounds. In recent years, bacteria of this genus have been reported for several EPS and
alginate productions [6, 7]. Azotobacter ESP has been exploited for different purposes, such as
heavy metal biosorption [8] and biofabrication of nanobiomaterials [9, 10]. Besides, it is known
that Azotobacter EPS is used for salt-stress mitigation [11] and as a biocontrol agent [12, 13].
Apart from these, bacteria of the genus are successfully employed as phosphate mobilizing agents,
enhancing phosphorus uptake by plants [14]. Among Azotobacter bacteria, basically, two
species—Azotobacter chroococcum and Azotobacter vinelandii—are the most widely employed
bacteria in agriculture for crop yield enhancement, biological control, and soil fertility
improvement [15]. In this research, we aimed to investigate lactones of a diazotrophic strain A.
chroococcum XU1.

Materials and methods

Microbial strains, identification and media for cultivation

A. chroococcum XU1 was used throughout the study.

For molecular-genetic characterization, a protocol documented elsewhere [16] was applied
in the current research.

For the cultivation of A. chroococcum XU1, Ashby broth was used: sucrose, 20 g/L;
MgSO4-7H20, 0.2 g/L; KH2PO4,0.2 g/L; NaCl, 0.1 g/L; CaCOs, 10 g/L. The initial pH value of
the medium was adjusted to 7.0. Each flask was inoculated with 4% (v/v) of the seed culture and
incubated at 30°C with shaking at 150 rpm for three days [9].

Production, isolation and purification of 1,5-D-Gluconolactone

The biosynthesis of 1,5-D-Gluconolactone by the strain was carried out in a shaker in 2 |
flasks containing 1 | of Ashby medium, supplemented with D-Glucose as a single carbon source,
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at 150 rpm at 30°C under intensive aeration. The mitial pH value of the medium was adjusted to
7.0. Each flask was inoculated with 4% (v/v) of the seed culture and incubated at 30°C with shaking
at 150 rpm for 3 days. The culture broth was centrifuged at 10,000 rpm for 15 minutes to separate
the cells, which were then washed twice with distilled water. The released crude 1,5-D-
Gluconolactone was precipitated by the addition of 3 volumes of ice-cold 95% (v/v) ethanol to the
supernatants.

Other lactones synthesis by A. chroococcum XU1 and their extraction

Evaluation of lactones was carried out as described by Mohamad et al. (2018) with slight
modification [17]. Production of lactones by A. chroococcum XU1 was carried out in 500 mL ™ of
broth medium at 28°C for 12 days with agitation at 120 rpm. The cell biomass was collected by
centrifugation at 5000 rpm for 10 min. The cell free supernatant was divided into equal volumes.
After that, the supernatant was adjusted to pH 7 and pH 3 with 500 mL™* of 1 N HCl and an equal
volume (1:1) of ethyl acetate was added and mixed by vigorous shaking for 30 min and allowed
to settle. The organic solvent phase was collected and evaporated at 40°C under vacuum, using a
rotary evaporator model (IKA, HB10 basic). The ethyl acetate extract was dissolved in 5 mL of
Tris—Cl buffer (0.02 M, pH 7.0) and used for gas chromatography/mass spectrometry (GC-MS).

NMR of 1,5-D-Gluconolactone
1H, 13C and 2D (HSQC, HMBC, NOESY) NMR spectra were recorded on a Varian-

400MR spectrometer (Varian, USA, 400 MHz for 1H and 100 MHz for 13C NMR) in D20 with
DSS as the internal standard.

Results

Identification of bacterial and fungal strains

A partial sequence of 16S RNA for the bacterium and 18S RNA for the fungus identified the
strains as Azotobacter chroococcum (Fig. 1).

JQ692178.1 Azotobacter chroococcum strain YCYS 16S ribosomal RNA gene partial sequence
65

61 AB680361.1 Pseudomonas sp. NBRC 12994 gene for 16S rRNA partial sequence

65 97-AzXU1

__ | AB429527.1 Azotobacter beijerinckii gene for 16S rRNA partial sequence strain: G7

98-AzNal2017

EF634039.1 Gamma proteobacterium ISSDS-866 16S ribosomal RNA gene partial sequence

Fig. 1. Phylogenetic placement of A. chroococcum XU1 on the basis of partial
sequencing of 16S RNA gene
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Synthesis and characterization of 1,5-D-gluconolactone

After three days of incubation under intensive aeration and agitation, A. chroococcum XU1
in the D-glucose supplemented Ashby broth produced 1,5-D-gluconolactone, and the overall yield
of the lactone averaged 6.5-7.0 g/L. It was the only major compound formed during cultivation,
and precipitation with ice-cold absolute ethanol resulted in pelleting a highly pure final product:
lactone. The lactone was subjected to NMR without any further procedures. Analysis revealed that
the lactone was 1,5-D-gluconolactone (Fig. 2, 3; Table 1).
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Fig. 2. NMR spectra (A — proton, B — proton) of 1,5-D-Gluconolactone of A.
chroococcum XU1

Fig. 3. Chemical structure of 1,5-D-gluconolactone (CsH100s) produced by A. chroococcum
XUl

It is interesting to note that in the sucrose-supplemented Ashby broth, the strain produced

alginate-based EPS, but another representative of the lactones, namely, DL-mevalonic acid

lactone, was produced in minor quantity among other metabolites of the bacterium. The
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replacement of basic C sources in the medium (D-glucose and sucrose) had a significant impact
on the final major metabolite (lactone and EPS).
Table 1. 'H and 13C NMR chemical shifts of the compound and data of HMBC, NOESY
(D20, DSS - 0 ppm), 8, ppm, J/Hz, 400MHz)

C atom 8¢ 81 (J/H2) HMBC (H) NOESY
2 181.73 3
3 7727 | 4.25,d, (3= 3.2)
4 7358 | 4.11, brt, (= 3.0)
5 7399  |3.79,m 6,7 3
6 75.31 | 3.80,m 5,7 4
7 6542 | 3.83 dd, (J= 11.4; 2.7) 6
3.68, dd, (J= 11.4; 5.8)

Bacteria of the Azotobacter genus, basically the first two representatives, A. chroococcum
and A. vinelandii, have been widely documented for alginate-based exopolysaccharides asthe main
major compounds [6, 7]. In our experiments, the C source was a decisive factor for the formation
of 1,5-D-gluconolactone (Fig. 2, 3; Table 1). In D-glucose-supplemented Ashby, the strain
produced 1,5-D-gluconolactone. We hypothesized that the presence of D-glucose initiates the
formation of 1,5-D-gluconolactone by Azotobacter chroococcum XUL, replacing that of EPS.

It was hypothesized that these lactones might be auxiliary metabolites of the bacterial cell to
respond to either abiotic or biotic stress.

Summarizing the above, A. chroococcum XU1L can be effectively exploited as a biofertilizer
in salt-affected soils for crop productivity enhancement and phytopathogen biocontrol.

REFERENCES

1. [Ilana C. Martinez-Ortiz, Carlos L. Ahumada-Manuel, Brian Y. Hsueh, Josefina Guzman,
Soledad Moreno, Miguel Cocotl-Yanez, Christopher M. Waters, David Zamorano-Sanchez,
Guadalupe Espin, Cinthia Nufe (2020) Cyclic di-GMP-Mediated Regulation of Extracellular
Mannuronan C-5 Epimerases Is Essential for Cyst Formation in Azotobacter vinelandii, Vol.
202, No. 24; https://doi.org/10.1128/JB.00135-20

2. ElMahrouk ME, Belal EBA (2007) Production of indole acetic acid (bioauxin) from
Azotobacter sp. isolate and its effect on callus induction of Dieffenbachia maculata cv.
Marianne. Acta Biologica Szegediensis, 51:53-59

3. Patil V (2011) Production of indole acetic acid by Azotobacter sp. Recent Res Sci Technol
3(12):14-16

4. Lopez JG, Toledo MV, Reina S, Salmeron V (1991) Root exudates of maize on production
of auxins, gibberellins, cytokinins, amino acids and vitamins by Azotobacter
chroococcum chemically defined media and dialysed soil media. Toxicol Environ Chem
33:69-78

5. Revillas JJ, Rodelas B, Pozo C, Toledo MV, Gonalez-Lopez J(2000) Production of B-group
vitamins by two Azotobacter strains with phenolic compounds as sole carbon source under
diazotrophic and adiazotrophic conditions. J Appl Microbiol 89:486-493

1963


https://journals.asm.org/doi/full/10.1128/JB.00135-20#con1
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con2
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con3
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con4
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con5
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con6
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con7
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con8
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con9
https://journals.asm.org/doi/full/10.1128/JB.00135-20#con10
https://journals.asm.org/toc/jb/202/24
https://journals.asm.org/toc/jb/202/24
https://doi.org/10.1128/JB.00135-20

ISSN: 2181-3337| SCIENTISTS.UZ
INTERNATIONAL SCIENTIFIC JOURNAL SCIENCE AND INNOVATION

ISSUEDEDICATED TO THE 80TH ANNIVERSARY OF THEACADEMY OFSCIENCES OF THEREPUBLIC O FUZBEKISTAN

10.

11.

12.

13.

14.

15.

16.

17.

Bonartseva GA, Akulina EA, Myshkina VL, Voinova VV, Makhina TK, Bonartsev AP
(2017) Alginate  biosynthesis by Azotobacter bacteria.  Applied Biochemistry  and
Microbiology 53:52-59

Dudun  AA, Akoulina  EA, Voinova VV, Makhina  TK, Myshkina VL, Zhuikov
VA, Bonartsev AP, Bonartseva GA (2019) Biosynthesis of Alginate and Poly(3-
Hydroxybutyrate) by the Bacterial Strain Azotobacter agile 12, Applied Biochemistry and
Microbiology 55:654-659

Rasulov BA, Yili A, Aisa HA (2015) Removal of Silver from Aqueous Solution by A.
chroococcum XU1 Biomass and Exopolysaccharide. Advances in Microbiology 5:198-203
Rasulov BA, Rozi P, Pattaeva MA, Yili A, Aisa HA (2016) Exopolysaccharide-based
bioflocculant matrix of A. chroococcum XUL for synthesis of AgCl nanoparticles and its
application as novel biocide nanobiomaterial. Materials 9:528

Rasulov BA, Davranov KD, WJ Li (2017) Formation of Ag/AgCI Nanoparticles in the Matrix
of the Exopolysaccharide of a Diazotrophic Strain Azotobacter chroococcum XUL.
Microbiology 86(2):1-6

Gauri SS, Mandal SM, Pati BR (2012) Impact of Azotobacter exopolysaccharides on
sustainable agriculture. Appl Microbiol Biotechnol 95:331-338.
https//doi.org/10.1007/s00253-012-4159-0

Bhosale HJ, Kadam TA, Bobade AR (2013) Identification and production of Azotobacter
vinelandii and its antifungal activity against Fusarium oxysporum. J Environ Biol 34:177—
182

Alsudani AA, Raheem Lateef AlFAwsi G (2020) Biocontrol of Rhizoctonia solani (Kiihn)
and Fusarium solani (Marti) causing damping-off disease in tomato with Azotobacter
chroococcum and Pseudomonas fluorescens. Pakistan Journal of Biological Sciences
23(11):1456-1461; doi: 10.3923/pjbs.2020.1456.1461

Kumar V, Narula N (1999) Solubilization of inorganic phosphates and growth emergence of
wheat as affected by Azotobacter chroococcum mutants. Biol Fertil Soils 28:301-305.
https://doi.org/10.1007/s003740050497

Mali GV, Bodhankar MG (2009) Antifungal and phytohormone potential of Azotobacter
chroococcum isolates from ground nut (Arachis hypogea L.) rhizosphere. Asian J Exp Sci
23:293-297

Bozorov TA, Rasulov BA, Zhang D (2019) Characterization of the gut microbiota of
invasive Agrilus mali Matsumara (Coleoptera:  Buprestidae) using  high-throughput
sequencing:  uncovering  plant  cell-wall ~ degrading  bacteria. Sci Rep  9:4923.
https//doi.org/10.1038/s41598-019-41368-x

Mohamad OAA, Li L, Ma J-B, Hatab S, Xu L, Guo J-W, Rasulov BA, Liu Y - H, Hedlund
BP, Li W-J (2018) Evaluation of the Antimicrobial Activity of Endophytic Bacterial
Populations From Chinese Traditional Medicinal Plant Licorice and Characterization of the
Bioactive Secondary Metabolites Produced by Bacillus atrophaeus Against Verticillium
dahliae. Front. Microbiol 9:924. doi: 10.3389/fmicb.2018.00924

1964


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/10438
https://link.springer.com/journal/10438
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/10438
https://link.springer.com/journal/10438
https://europepmc.org/search?query=AUTH:%22Ali%20A%20Alsudani%22
https://europepmc.org/search?query=AUTH:%22Ghaidaa%20Raheem%20Lateef%20Al-Awsi%22
https://doi.org/10.3923/pjbs.2020.1456.1461
https://doi.org/10.1007/s003740050497

