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ABSTRACT

Two endophytic strains of Methylobacterium spp. were used to evaluate biofilm formation on sugarcane

roots and on inert wooden sticks. Results show that biofilm formation is variable and that plant surface and

possibly root exudates have a role in Methylobacterium spp. host recognition, biofilm formation and

successful colonization as endophytes.
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The genus Methylobacterium belongs to the o-
proteobacteria and comprises more than 34 described species
(6). Members of this genus degrade one-carbon compounds
(CI) such as methanol and methylamine (8) and are widely
distributed in the environment, colonizing soil, water, leaf
surfaces, nodules, seeds, air, and sediments (9). They have
been shown to interact symbiotically with different plant
species of agronomic importance (2, 3, 5). Specifically in
sugarcane, Methylobacterium spp. are important endophytes
described as responsible for increased seed germination, leaf
area, plant height and number of internodes (4). Better
understanding of Methylobacterium spp. colonization of plants
is desirable for sustaining and improving their use as plant

growth promoters (5). The aim of this study was to investigate

the role of the living plant surface in biofilm formation by M.

extorquens and M. mesophilicum strains and to demonstrate
that these strains differ in their requirements for biofilm
formation.

The strains SR1.6/6 (M. mesophilicum) and AR1.6/2 (M.
extorquens) used in this study belong to the collection of the
Laboratory of Microbial Genetics (ESALQ/USP, Piracicaba,
SP). They were previously isolated from citrus and
characterized (3). These strains were commonly cultivated in 5
mL CHOI 3 medium (8) for 96 hours on a rotary shaker at 150
rpm and 28°C. Bacterial fresh culture were harvested by
centrifugation (10 min at 10000xg) and the pellet subsequently
resuspended and diluted in PBS (phosphate-buffered saline,
pH7.4) to 10° CFU mL™" for plant inoculation. For bacterial
inoculation, sugarcane seedlings (variety SP80 3280, kindly

supplied by the Centro de Tecnologia Canavieira - CTC,
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Piracicaba, SP, Brazil) were maintained in vitro. They were
placed in sterile tubes (50 mL) containing 7 mL of Murashige
and Skoog (MS) medium (7) and bacteria were added to a final
density of 10° CFU mL™. The bacterial cell suspension was
incubated with the seedling roots for 2, 10 and 18 days at 28°C.
Commercial wooden sticks were used with the same conditions
as a control. At different days after inoculation (DAI), samples
were taken and observed by Scanning Electron Microscope
(SEM) (2 and 6 DAI - plants; 3, 10 and 18 DAI — wood sticks)
and re-isolation analyses were done (2, 10 and 17 DAI —
plants). Three repetitions of each treatment were used.

In order to determine biofilm formation capability of the
two strains, wooden sticks and sugarcane seedling roots
samples were placed in a 8% (v/v) glutaraldehyde solution in 2
M sodium cacodylate buffer (pH 7.2) and kept till further
processing. Subsequently samples were dehydrated in an
acetone series (30, 50, 70, 90 and 100%) and dried by critical
point drying in a Balzers CPD 050. After covering with gold
(metalizator MED 010 - Balzers), the samples were visualized
in Scanning Electron Microscope (LEO-Zeiss) at NAP/MEA
(ESALQ/USP). Andreote et al. (1) have shown that SR1.6/6
produces biofilms on the root surfaces of periwinkle and
tobacco seedlings prior to endophytic colonization. Here we
have investigated whether the strains might have different
capacities for forming biofilms on different surfaces, thus

possibly determining their ability to become endophytic

Biofilm formation in Methylobacterium

colonizers of sugarcane plants.

Our observations of wooden sticks showed biofilm
formation only by M. extorquens AR1.6/2 (Figure 1A, 1B and
1C). Cells of M. mesophilicum SR1.6/6 were observed at all
sampling times, but formation of an exopolymer layer was not
observed (Figure 1F, 1G and 1H); just isolated cells (Figure 1F
- arrow). Biofilm formation by the strain AR1.6/2 was
characterized by its typical organization of bacterial cells on
the wooden surface and by the presence of EPS (Figure 1C —
arrow), produced and released by the bacteria forming the
biofilm. It is remarkable that, even after a short period of
incubation (3 DAI) the treatment with the strain AR1.6/2
already resulted in an organized biofilm (Figure 1A). The
formation of biofilm on an inert material (such as the wooden
stick used here) shows that biofilm formation of strain AR1.6/2
does not require plant-derived factors.

On the sugarcane seedling roots, biofilm formation by
both strains (AR1.6/2 and SR1.6/6) were observed at all
sampled periods (2 and 6 DAI) (Figure 1D, 1E, 1I and 1J). In
contrast to what was observed for wooden sticks, strain
SR1.6/6 was able to form biofilm covering the sugarcane roots,
suggesting that biofilm formation of this strain does require
plant-derived factors. In the control treatment (without
bacterial cells inoculation) of all experiments no bacteria were

observed by similar material preparation and SEM scanning

(data not shown).
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Figure 1. Methylobacterium extorquens (AR1.6/2 — first column) and Methylobacterium mesophilicum (SR1.6/6 - second column) on the
surface of wood stick (A-C and F-G) and on the surface of sugarcane in vitro plants (D-E and I-J). The samples were collected three

times on the wood stick (A, F-3 DAIL B, G-10 DAI; C, H-18 DAI) and two times on plants (D, I-2 DAI; E, J-6 DAI).
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Quantification of the Methylobacterium spp. by re-
isolation allowed an estimation of the populations for each
strain in association with roots (surface or endophytic) and
inside shoot tissues of sugarcane (Figure 2). For quantification,
roots of the plants were submerged in 2 mL of PBS and agitate
at 120 rpm for 1 hour with the shoots remaining above the
buffer. The resulting cell suspension was diluted and plated to
quantify the bacteria in CHOI 3. Subsequently, the plant
material was removed from tubes and submitted to surface
disinfection (1 min ethanol 70%, 3 min sodium hypochlorite
2%, three sterile water rinsings). The disinfected material was
separated in root and shoot, weighed and grinded in 2 mL of
PBS buffer. The resulting suspension was also diluted and
plated on CHOI 3 medium in order to estimate the numbers of
colonizing bacteria. All plates were incubated at 28°C and
colony development was monitored during 14 days.

Cells of both strains were detectable in all samples at the
earliest sampling time point (2 DAI) (Figure 2) indicating that
they are both able to colonize the root surface as well as enter
plant tissues and spread from root to shoot. However, the
strains differed strongly in the further course of the experiment.
ARI1.6/2 entered the plant and colonized the shoot faster than
SR 1.6/6 (2 DAI, Figure 2C). However, after this fast

colonization, the endophytic population decreased in shoot
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tissues, and became more restricted to roots (Figures 2A and
2B). The scenario for SR1.6/6 was quite distinct from the
previous one. This strain more rapidly proliferated inside the
root and eventually endophytically colonized shoot tissue at
high density, whereas strain AR1.6/2 could not maintain a
population there.

In summary, we have observed in the two bacterial strains
two distinct behavior to biofilm formation and sugarcane
colonization. Extensive and plant-independent biofilm
formation by AR1.6/2 did not result in successful colonization
of areal plant parts. In contrast, strain SR1.6/6 whose biofilm
formation was induced by the plant root, and more restricted to
root cell-cell borders (Figure 2I — arrow), was a more
successful endophytic colonizer of sugarcane seedling shoots.
This is in line with the earlier observed colonization pattern of
this bacterium, entering plant tissues by the intercellular spaces
(1). Plant-independent biofilm formation was not a prerequisite
for successful endophytic colonization of shoot tissue. Plant
tissue architecture or localized exudation from these areas
could play a role in this specific pattern of colonization and
thus play a role in determining the outcome of the colonization
by bacteria. A more extensive study of biofilm and
colonization behavior of a larger variety of strains will be

necessary to corroborate this suggested correlation.
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Figure 2. Quantification of the bacterial density for strains AR1.6/2 (M. extorquens) and SR1.6/6 (M. mesophilicum) in

association with sugarcane plants cultivated in vitro. Data are presented for sampling made after two, 10 and 18 days after

inoculation (DAI)of stem (A). root (B) and rhizosphere (C). Columns represent the average of three biological replications, and

bars indicate the standard deviation obtained from replications.
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