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Abstract: The banana tree is associated with different species of endophytic bacteria that can stimulate
plant growth. However, further studies are needed to better understand the relationships between this group
of bacteria and the host plant. The objective of this study was to investigate the localization of the EB-40
(Bacillus sp.) through anatomical and ultrastructural analyses in micropropagated banana plantlets. The
results demonstrated the effective colonization of the EB-40 isolate in the intercellular and intracellular
spaces, as well as in the rhizosphere region. The wall of endophytic bacteria contains calcium and nitrogen.
The EB-40 isolate was also observed to associate with the plasma membrane and cell wall. These results
further our understanding of the mechanisms involved in the colonization of plant cells by endophytic

bacteria in micropropagated banana plantlets.
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INTRODUCTION

Plant development occurs through complex
interactions between the plant and different
environmental factors, among which biotic factors,
especially microorganisms, play a key role.
Endophytic microorganisms primarily colonize
plants through natural openings, especially in the
regions of lateral root emergence, substomatic
cavities via stomatal openings, and through
openings caused by injuries or by enzymes, such
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as pectinases and cellulases (Reinhold-Hurek and
Hurek 2011).

Inside the host, endophytic bacteria can be
located at the point of entry or spread throughout the
plant, residing within cells, in intracellular spaces
or in the vascular system. While some strains of
endophytic bacteria primarily colonize plant roots,
others colonize roots and stems, while others colonize
roots, stems and leaves (Santoyo et al. 2016).

A former study reported that endophytic
bacteria have the ability to move freely in the
cytoplasmic spaces of ‘Grand Naine’ banana
leave cells (Thomas and Sekhar 2014). However,
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the authors noted that the manner in which this
bacterium gains access to the intracellular niche
has not yet been elucidated.

Numerous species of endophytic bacteria of
the genus Bacillus have been reported to colonize
banana tree (Kavino et al. 2007, Souza et al. 2013).
The use of these microorganisms in banana crops
has the potential to promote plant growth through
the biological fixation of nitrogen, plant hormone
production as well as protection against abiotic
stresses (Zhang et al. 2011, Wang et al. 2013, Souza
et al. 2016). Although studies have demonstrated
the beneficial effects of the association of the genus
Bacillus and banana trees, many questions have yet
to be answered, specially a better understanding
regarding how this intimate association starts and
understand how it established.

Thus, the goal of this study was to investigate
the interactions between the isolate EB-40 (Bacillus
sp.) in the roots of the micropropagated bananas
plantlets through anatomical and ultrastructural
analyses.

MATERIALS AND METHODS

The apical meristems of the banana cultivar Prata-
Ana (triploid AAB) were obtained from developing
suckers grown under field conditions and in vitro
plant establishment and multiplication was carried
out according to the methodology described by
Israeli et al. (1995). Endophytic bacteria used in
this study (EB-40, Bacillus sp./GQ340516.1)
was isolated by Souza et al. (2013) and the
biotechnological potential of which was previously
evaluated by Andrade et al. (2014). The bacterial
isolate was cultured on 20 mL of TSA (Tryptic Soy
Agar) solid medium in Petri dish for 48 hours at 28
°C. After bacterial growth was observed, colonies
were harvested, and a bacterial suspension was in
0.85% sodium chloride (NaCl) saline solution. The
concentration of bacterial cells was adjusted using
a spectrophotometer to an OD, of 1.0.
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After the in vitro establishment and
multiplication stages of the explants (fifth
replication), 20 explants were selected for the in
vitro elongation and rooting process. The explants
were inoculated in rooting medium containing 25
mL of Woody Plant Medium (WPM) (Lloyd and
McCown 1980). After 20 days, inoculation was
carried out using 2.0 mL of the bacterial suspension
at the base of the rhizome. The final concentration
of bacterial cells in the suspension was adjusted to
10° CFU/mL" of the EB-40 isolate.

Thirty days after the inoculation, anatomical and
ultrastructural analyses were performed on young
root fragments located in the most distal part of the
rhizome (Figure 1a-c). Photographic documentation
was performed with the aid of a digital camera coupled
to an Axion Cam ICC/Lab Al light microscope
(Zeiss, Jena, Germany). For ultrastructural analyses,
the samples were examined with a Tecnai G2-20
Supertwin transmission electron microscope (FEI
Company, Eindhoven, Netherlands) at 200 Kv
and electron energy loss spectroscopy — EELS, for
nitrogen and calcium analysis.

RESULTS

Intense bacterial cell aggregation was observed on
the root epidermis surfaces, indicating abundant
epiphytic colonization in the rhizoplane (Figure
2a). The EB-40 isolate appeared as rod-shaped
cells that were joined in rows of two to three
individual cells (Figure 2d) and were adhered to
the rhizoplane, in close association with the walls
of the root hairs. The presence of mucilaginous,
polysaccharide fibrillar material was observed in
the region of the rhizoplane and inside the root
hairs (Figure 2e, f). Ultrastructure visualizations
showed the presence of the EB-40 endophytic
bacteria present in the intracellular environment
(Figure 3a-1). Under the assayed conditions, the
isolate was typically associated with the plasma
membrane (Figure 3a, b) and the cellulosic wall
(Figure 3 e-1). The EB-40 isolate exhibited a thick
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Figure 1- Morphology of the root system of a banana tree plantlet (cv. Prata-Ana) cultured in vitro in association with endophytic
bacteria (Bacillus sp. isolate EB-40) (a, b and c). am, apical meristem; rz, thizome.

wall and heterogeneous cytoplasm with regions
of different electrodensity (Figure 3b-d, f, j, 1). A
mucilaginous material, similar in appearance to the
cellulosic wall, was observed to be associated with
the bacteria (Figure 3d). The wall of endophytic
bacteria contains calcium (Figure 3g) and nitrogen
(Figure 3h). An intimate association of the bacterial
cells with the plant cell wall was observed that was
sometimes associated with the wall dots (Figure 3j)
or even crossing it (Figure 31).

DISCUSSION

The results of the present study demonstrated
the ability of the EB-40 isolate of the genus
Bacillus sp. to have both endophytic and epiphytic
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associations with the roots of the ‘Prata-Ana’
banana tree. The presence of mucilaginous material
in trichomes is commonly cited in the literature as
the preferred regions of bacterial development and
infection by endophytic bacteria (Hallmann et
al. 1997). The pattern of aggregation observed in
bacterial cells in the rhizoplane is an indicator of
biofilm formation. Biofilm formation contributes
to bacterial persistence on the plant surface and
functions as a signaling system between cells
through quorum sensing systems (Gingichashvili et
al. 2017). Thomas and Sekhar (2014), studied plant
tissues of ‘Grand Naine’ banana trees and observed

intense colonization by endophytic bacteria in the

e20181295 316



JOSIELE S. ROCHA et al.

Bacillus sp. IN MICROPROPAGATED BANANA PLANTLETS

Figure 2 - Musa acuminata root (‘Prata-Ana’ AAB) cultivated in vitro and colonized by the isolate EB-40 (Bacillus sp.). Cross
section of the median region. (a) Overview. (b) Detail of box B, marked in a. Unicellular, elongated root hairs with lignified walls.
Biserial, pavimentous epidermis, with lignified walls. Outer layers of the cortex with small, bulky cells. Retracted protoplast.
(¢) Detail of box C, marked in a. Region of the aerenchymatous internal cortex. Endoderm with cells of suberized walls in all
its extension. (d) Rod-shaped Bacillus sp. isolate EB-40 cells joined in rows of two to three cells. (e-f) A mucilaginous, fibrillar
material in the rhizoplane and inside the root hairs. Caption: co: cortex; cp: cytoplasm; en: endoderm; ep: epidermis; fm: fibrillar
material; ic: internal cortex; oc: outer cortex; tr: trichome; vs: vascular system. The arrows indicate the location of the bacteria.

cytoplasmic and periplasmic intracellular spaces
of leaves. The authors noted that this level of
colonization can be explained by the intracellular
space and the rhizoplane presenting energy-rich
sources of carbon that are exuded by the plant
cells, explaining the preference of bacteria for
these regions (Rosenblueth and Martinez-Romero
2006). Another important result observed was the
presence of calcium-rich bacterial cell envelopes
(Figure 3g). Calcium is a biologically important
ion in the cell walls of bacteria, participating in
synergistic interactions with enzymes responsible
for the anchoring of surface proteins in the cell
wall and also plays an important role in preserving
the stability of external structures (Peshenko and
Dizhoor 2007, Sahalan et al. 2013). In general, the
cell walls of bacteria are rich in Mg®” and Ca”" ions,
with the latter having a protective function against
the activity of antimicrobial compounds that
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degrade the lipopolysaccharide layer (Sahalan et
al. 2013). The results of the study provide direction
for future studies, which should be done with the
goal of elucidating the mechanisms by which
endophytic bacteria move through the interior of the
plants, from the rhizoplane to the cytoplasm of the
cortical cells of roots. In addition, an understanding
is needed of whether cells are preferentially
trafficked in a symplastic or apoplastic manner, as
well as if these microorganisms can transit through
the elements of the vessel.

ACKNOWLEDGMENTS

The authors would like to thank Centro de
Microscopia da Universidade Federal de Minas
Gerais (UFMG) for the analysis of electron
microscopy. Fundagdo de Amparo a Pesquisa
do Estado de Minas Gerais - FAPEMIG, the
Coordenagao de Aperfeicoamento de Pessoal

e20181295 4|6



JOSIELE S. ROCHA et al. Bacillus sp. IN MICROPROPAGATED BANANA PLANTLETS

Figure 3 - Ultrastructure of cortical cells of Musa acuminata (Prata-And AAB) grown in vitro and colonized by endophytic
bacteria. (a) (e) (f) (i) Bacillus sp. (EB-40 Isolate) present in the intracellular medium. Cells of the protoplast collapsed, retracted
and separated from the plasma membrane of the cellulosic wall; (b) Detail of box B, labeled in a. Association of the EB-40 isolate
with the plasma membrane; (c) detail of box C, labeled in a. The thick wall and heterogeneous cytoplasm of the endophyte; (d)
Detail of box D, labeled a. Presence of mucilaginous material involving endophytes; (g) Detail of box g, labeled in e. Wall of EB-40
isolate with calcium; (h) Detail of box h, labeled in e. Wall of isolate EB-40 with nitrogen; (j) Detail of box j, marked in i. Intimate
association of the EB-40 isolate with the cellulosic wall; (k) Association of the EB-40 isolate with the cellulosic wall; (I) Detail of
box 1, labeled in k. The EB-40 isolate traversing the cell wall. Caption: cw: cellulosic wall; ew: endophytic wall; me: membrane;

pr: protoplast.
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