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ABSTRACT
Members of genus Azospirillum are capable of nitrogen fixation under microaerophilic conditions in association with the roots
of several grasses, capsular and exocellular polysaccharides (PS), are responsible for the binding of Congo red dye to Azospirillum
cells, the PS are also involved in formation of cellular aggregates. Tn5gusA was used to generate an Azospirillum brasilense UAP
154/6-51 mutant, was analyzed in activity of β-glucuronidase. The cell surface of the mutant was unable to bind Congo red dye
(white), and was unable to cell aggregation (flocculation), it is not capable nitrogen fixing and does not demonstrate any motility.
The present paper describe these phenotype differences and demonstrates that a single mutational event is involved, that is it
a pleiotrophic mutant.
Keywords: Azospirillum brasilense, exopolysaccharide, nitrogen fixation, bacteria flocculation.

1. Introduction
One of the factors that dramatically limit agricultural
production of commercial crops is the incapability of plants to
take nitrogen from the soil. It therefore must be provided to the
crops in the form of fertilizer. However, while fertilizers are
effective in driving crop yield improvements, they also
frequently have a negative impact on the environment and their
production is very expensive. A substitute for these practices
is the use of nitrogen fixing called biofertilization crops may
have the bacterial or in combination with at least two other
bacteria, cyanobacteria and actinomycetes, which ones when
associated with plants, such strains are able to enhance crop
yields or reduce nitrogen fertilizers requirements, or both. On
the other hand phytohormones biologically-active substances
(auxin, gibberellin and cytokinin) are produced. (Elmerich,
1984).
In tropical soils numbers as high as 10⁴ ‐10⁷ Azospirillum cells
g-¹ dry weight of roots have been determined. Azospirillum lives
in association with grasses (wheat, corn, rice, sugar cane, cactus
species, etc. (Kapulnik et al. 1985; Okon, 1985; Mascarúa et al.
1988).
The beneficial effects of non symbiotic soil microorganisms
living in the rhizosphere have been studied for several crop
species (Okon and Hadar, 1987). Both, direct beneficial
microorganisms, like Azospirillum (Döbereiner and Pedrosa,
1987), and antagonists of plant pathogens, like Pseudomonas
(Davison, 1988) or Trichoderma (Baker, 1989), can be classified
as microbial yield enhancers.

There are several reports that indicate the existence of
microorganisms associated with plant roots or capable of
colonizing internal tissues in which the production of plant
growth regulating substances has been demonstrated
Azospirillum sp. B510 is a endophyte isolated from surface
sterilized stems of rice plants (Oryza sativa cv. Nipponbare)
cultivated in an experimental paddy field in Japan, is capable
of colonizing internal rice tissues, and inoculation with B510
was shown to promote plant growth under both laboratory
and field conditions. It is capable of fixing N2 in plants.
Azospirillum species are known to associate with many
agriculturally important crops. Upon inoculation bacteria
absorb to roots, proliferate on the surface, and may
subsequently invade and colonize the internal tissues of
roots. Factors controlling successful colonization of roots by
Azospirillum species are not yet fully understood, but it has
been suggested that polar flagella, surface polysaccharides,
and lectina-like proteins are involved in the process.
Production of exopolysaccharides in azospirilla has been
correlated with flocculation and the ability to develop into
cys-like forms and to bind Congo red (Bastarrachea et al.
1988; Michiels et al. 1990; Sadasivan and Neyra, 1985).
The adsorption process between Azospirillum and wheat
roots is a short process taking place in the first two hours of
contact, probably involving surface proteins and
exopolysaccharide synthesis by bacteria (Burdman et al.
1999; 2000; Dufrëne et al. 1996; Karpati et al. 1999).
Azospirillum brasilense produces exopolysaccharides, which
have the ability to absorb Congo red dye (Bastarrachea et
al. 1988).
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In this work we report the comparison, based on the
physiology, electronic microscopy and genetics, of two A.
brasilense strains, UAP 154 and UAP-154/6-51. Data indicates
that 154/6-51, is a random mutant of UAP 154 wild type.

density (DO600) of 0.3-0.4. Experiments were conducted in 250
ml flask (100 ml of volume of fresh medium) the cultures were
incubated on a gyratory shaker (SEV/INO-650 M) at 200 rpm
and 30°C. The apparition of flocs took place after about 3-4 h.

2. Material and methods

Swarming assay

Bacterial strains and plasmids

A. brasilense UAP 154 wild type strain and A. brasilense UAP
154/6-51 transconjugant strain were cultured at the
exponential growth phase and inoculated (5 µl) in Petri dishes
with minimal semisolid agar (medium 0.75% agar w/v), and
incubated at 30°C for 36 h (Hall and Krieg 1983; de Zamaroczy
et al. 1996). The growth diameters of both strains were
compared.

The bacterial strains and plasmids used are listed in Table 1.
Media and growth conditions
For E. coli growth, Luria Bertani (LB) medium was used at
37°C. Wild type strain A. brasilense UAP-154 and
transconjugant strain A. brasilense UAP-154/6-51 were grown
in NFB medium at 30°C, along with antibiotics (Amp 100
µg/ml, Rif 50 µg/ml and Km 80 µg/ml) when necessary. Congo
red dye was added to medium at 37.5 µg/ml (final
concentration) as previously described (Bastarrachea et al.
1988).
Genetic techniques
Conjugation was performed using the wild type strain A.
brasilense UAP 154 (López et al. 1989) as receptor and E. coli
HB101-pSB354 [pRK600 Ω ::Tn5-gusA2] (Sharma and Signer,
1990) as the donor strain. They were pre-cultured for 18 h at
30°C. At a rate of 10:1, they were matched and incubated for
24 h at 30°C; serial dilutions were carried out and 100 µl were
plated on minimal medium (Jain and Patriquin, 1985),
supplemented with antibiotics (Ampicillin 100 µg/ml,
Kanamycin 80 µg/ml and Rifampicin 50 µg/ml, Sigma
Chemical Co.) and incubated for 24-32 h at 30°C and
maintained in this medium added with agar. Cultures were
grown in Jean and Patriquin medium broth, the
transconjugants was assayed using ß-glucuronidase activity
(Jefferson et al. 1986a and 1986b). The transconjugant strain
was assayed for hybridization by dot blot (data not shown)
and Southern blot, using a Km cassette detector from pBSL46
plasmid (Alexeyev et al. 1995).
Southern blot and hybridization
Genomic DNA from A. brasilense wild type strain and
transconjugants was isolated and digested with restriction
enzymes. Southern blot and hybridization were carried out
by standard methods (Sambrook et al. 2001).
Flocculation assay
Flocs were obtained, using the method reported by Del Gallo
(1989) it has a modification of the procedure outlined by
Sadasivan and Neyra (1985). Fructose and KNO3, used as
sources of carbon and nitrogen, were filter sterilized and
added individually to the medium at final concentrations of 8
and 0.5 mM respectively. A. brasilense UAP 154 wild type
strain and A. brasilense UAP 154/6-51 transconjugant strains,
were grown on minimal salts medium (12 h), centrifuged to
3000 x g for 10 min at 4°C, the pellet was then washed three
times with equal volumes of 0.01M buffer phosphate (pH 6.8)
and inoculated into the minimal medium at an initial optical

TEM assay
The medium used to prepare bacterial samples in the
flocculation test was filtered on a 0.45 µM pore membrane
Millipore to remove precipitate and crystals in suspension
prior to inoculation. Azospirillum strains were cultured on
minimal medium to exponential growth phase 12 h. 5 µl were
absorbed onto grids with carbon lattice film, and evaporated
at room temperature, them added 5 µl of contrast (uranyl
acetate 2%, phosphotungstic acid 2%) for one min, was
decanted, evaporated and them observed it in TEM.
Acetylene reduction assay
The ability to fix nitrogen was tested by using the acetylene
reduction assay (ARA) (Zeman et al. 1992; Barkovski et al.
1995). For this purpose, bacterial cultures were grown in five
tubes of 3 ml volumes of semisolid NFb medium in 10 ml
capacity tubes and were sealed with cotton cap, sterilized and
incubated at 30°C for 36 h, after the inoculation were removed
and changed by rubber septa, a 1/10 volume (air volume) of
acetylene was added. Ethylene was measured using gas
chromatography Varian Star model 3400 Gx, equipped with
flame-ionization detector and packed column (30 m long, 0.53
mm ID, stainless steel, GS-Q), the carrier gas was Hydrogen at
10 ml/min. The experiments were repeated independently
three times, with three assays each. Total protein
concentration was determined using the Bio_RAD protein
assay reagent, and albumin serum bovine (BSA) was used as
the standard (Sigma Chemical Co.).
3. Result
Characterization of the A. brasilense UAP 154/6-51
transconjugant strain
Transposition mutagenesis was carried out by conjugative
transfer Tn5 (KmR) from E. coli HB101-pSB354 (pRK
600::ΩTn5 gusA2) to A. brasilense UAP 154. 2000 KmR
transconjugants were generated by eight conjugation events
with a frequency of conjugation of 1.1-1.8x10-6. The mutants
were isolated with a minimal medium supplied with the
antibiotics (Amp 100 µg/ml and Km 80 µg/ml or Km and Rif
50 µg/ml). The ß-galactosidase activity was estimated to be
0.166, 0.091, 0.192 and 0.185 U Miller for E. coli HB101
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(pSB354), A. brasilense UAP154, A. brasilense UAP154/6-51
and A. brasilense UAP154/6-33 respectively.

implications for colonization and virulence in Staphylococcus
aureus.

The transconjugant strain A. brasilense UAP 154/6-51 is
interesting because it doesn't adsorb the Congo red dye, nor
has the scarlet colonies (Figure 1B) as seen in the wild type
strain A. brasilense UAP 154 (Figure 1A).

The transconjugant strain A. brasilense UAP 154/6-51 is not
capable of forming cellular aggregates (flocs) because of the
loss of a certain exopolysaccharide that is involved in the
formation of cellular aggregates, under particular culture
conditions such as that reported by Del Gallo et al. (1989) and
Katupitiya et al. (1995). It is possible that the EPS may be rich
in glucose and does not form aggregates, as that reported by
Bahat-Samet et al. (2004).

Flocculation
The transconjugant strain A. brasilense UAP 154/6-51 was
unable to form flocs when grown in medium with fructose 8
mM and KNO3 0.5 mM (Figure 1D), in contrast to the wild type
strain A. brasilense UAP 154 (Figure 1C). The Southern blot
assay show positive signal in transconjugant strains and
negative in wild type strain (Figure 1E).
In order to evaluate motility, two types of assays were
performed:
Swarming
The presence of peritrichous flagella in semisolid medium
were determined in order to observe the swarming growth.
In this assay an absence of this capacity was noted. The
transconjugant strain A. brasilense UAP 154/6-51 was unable
to cause displacement and demonstrated poor growth (Figure
2B) whereas swarming was observed in the wild type strain
A. brasilense UAP 154 (Figure 2A).
TEM
The motility in liquid medium was observed under light
microscopy (data not shown) and transmission electron
microscopy, transconjugant strain A. brasilense UAP 154/6-51
did not reveal the polar flagella responsible for motility
(Figure 2D). This structure was observed in the wild type
strain A. brasilense UAP 154 (Figure 2C).
Nitrogen fixation
The transconjugant strain A. brasilense UAP 154/6-51 was
unable to perform nitrogen fixation; the nitrogenase activity
was not detectable; neither did the peak corresponding to
ethylene appear when the acetylene substrate was added
(Figure 3B). An alternative transconjugant strain, Azospirillum
brasilense UAP 154/6-33 (Figure 3C) and the wild type strain,
Azospirillum brasilense UAP 154 acted as positive controls
(Figure 3A).
4. Discussion
Besides this is a "white" clone, that is to say it does not manage
to absorb the Congo red dye as is the case with the wild type
strain (Pedraza and Diaz, 2003). Phenotypes similar to those
reported by Abdel‐Salam and Klingmüller (1987) may be
affected by the production of a certain exopolysaccharide.
Even though it may require subsequent experiments to prove
it, it is possible that this is involved in the process of adherence
to the roots of the plant so that consequently there can be no
good colonization as reported by Jofre et al. (2004). Baselga
et al. (1993) found a similar phenotype which had

Concerning motility, transconjugant strain A. brasilense UAP
154/6-51 presents an incapacity for motility and unlike the
wild type strain, does not present peritrichous flagella in
semi-solid culture medium, as reported by Hall and Krieg
(1983), nor polar flagellate in liquid medium; we agree with
that reported by Milcamps et al. (1996). A pertinent
lucubration is the absence of flagellates that causes a dramatic
incapacity so that it is unable to respond to bacterial
chemotaxis, caused by the radical transpirations of the guest
plant, as reported in Fedi et al. (1992), or it will present
symbiotic defects as those described in the case of Vibrio
fischeri (Millikan and Ruby, 2004). This loss of structures
could cause a consequent low bacterial population in the
colonization of guest plant roots (Alexandre et al. 1996;
Pereg-Gerk et al. 1997). However there still exists a doubt,
now that Bashan and Holguin, (1995) have reported that motstrains will provoke a radical colonization similar to that
presented by the original mot+ strain. It could be that some
direct or indirect negative regulation exists concerning certain
genes such as that found in Pseudomonas aeruginosa (Wyckoff
et al. 2002).
As far as the nitrogen fixation is concerned, the
transconjugante strain A. brasilense UAP 154/6-51 does not
present nitrogenase activity (Figure 5), which is a
disadvantage in comparison with strains that do present this.
This disadvantage would have impact on the survival of
bacteria, in environmental conditions poor in nitrogenous
nutrients. Even though the radical transpirations contain
nitrogen compounds such as amino acids, peptides, etc.
(Martı́nez et al. 1988) if this clone does not present flagellates
it would be limited in obtaining them. Although a low level of
nitrogen could activate the glnBglnA system with the protein
NtrC (Huergo et al. 2003). Even though it could also be the
case that this does not provide biologically fixed nitrogen for
the plant, as would be the case under normal conditions
(Rennie, 1980; Christiansen-Weniger and Van Veen, 1991).
Because of the previously mentioned characteristics, the
transconjugant A. brasilense UAP 154/6-51, is an interesting
clone for identification gene, carrying out metabolic trials and
for the colonization of the plant as this could be effecting some
pleiotropic regulator involved in the activation or deactivation
of various systems (Knudsen et al. 2004), also the siderophore
production present in Kluyvera ascorbata (Burd et al. 2000),
or if a global regulator is responsible for regulating one or
several genes acting together with other factors or regulating
other transcriptional factors and regulate different genes
indirectly as indicated Martı́nez and Collado (2003), which
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can be analyzed with the reported sequence for strain B510
Kaneko et al. (2010).

5.

Baker R. 1989. Improved Trichoderma spp. For promoting crop
productivity. Trends Biotechnol.7: 34-38.
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Footnotes
Figure 1. Characteristics of Azospirillum. A. brasilense UAP
154 wild type strain (A) and A. brasilense UAP-154/6-51
transconjugant strain (B), were grown on minimal medium
containing Congo Red, all colonies of wild type strain became
scarlet and the transconjugant strain remained colorless
colonies after incubation, although very similar in appearance
in young cultures. Flocculation was observed of A. brasilense
UAP 154 wild type strain (C) and A. brasilense UAP-154/6-51
transconjugant strain (D) did not flocculate were grown in
broth containing fructose and nitrate under the same
conditions. Southern blot assay (E) A. brasilense UAP 154 as
internal control negative (lane 1), plasmid (pSB354) as
internal control positive (lane 2), transconjugants (lanes 3-5),
lane 6 empty, A. brasilense UAP-154/6-51 (lane 7), A.
brasilense Sp7 as internal control negative (lane 8). The probe
used in this study was Km cassette obtained from pBSL46.
Figure 2. Azospirillum mobility. A). Comparison of swarming
motility between A. brasilense UAP154 wild type strain (A)
and A. brasilense UAP-154/6-51 transconjugant strain (Bcircle) strains grown on minimal medium. Transmission
electron microscopy (TEM) negative staining flagellum polar
of Azospirillum brasilense UAP 154 (C) and Azospirillum
brasilense UAP-154/6-51 (D) showing any polar flagella at
magnification at 7500x respectively.
Figure 3. Gas chromatography. Nitrogen fixation by ARA assay
A. brasilense UAP-154 wild type strain (A) as positive internal
control, A. brasilense UAP-154/6-51 transconjugant strain (B)
is negative and other transconjugant A. brasilense UAP-154/633 (C) with acetylene reduction lower. The ARA assay showed
at acetylene 1.9 min and ethylene 1.7 min retention time (RT).
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Strains

Table 1. Strains and plasmids.
Description

Reference

E. coli HB 101

Smr

(Maniatis et al. 1982)

A. brasilense UAP 154

Apr

(López et al. 1989)

AprRifr

personal communication,
Velázquez M.

E. coli HB101-pSB354

pRK600Ω::Tn5 gusA

Transconjugant strains
A. brasilense

Apr Rifr Kmr

This work

This work

UAP154/6-51
UAP154/6-33
Plasmids
pBSL46

Kmr

(Alexeyev et al. 1995)

pSB354

pRK600Ω::Tn5-gusA2.Kmr

(Sharma and Signer, 1990)
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