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Abstract Soybean lectin (SBL) participates in the rec-

ognition between Bradyrhizobium japonicum and soybean

although its role remains unknown. To search for changes

in the proteome in response to SBL, B. japonicum USDA

110 was incubated for 12 h in a C- and N-free medium

with or without SBL (10 lg ml -1), and the soluble protein

profiles were compared. Two polypeptides, S-adenosyl-

methionine synthetase (MetK) and the 30S ribosomal

protein S1 (RpsA), were found only in the fractions from

rhizobia incubated without SBL. Transcript levels of metK

and rpsA were not correlated with polypeptide levels,

indicating that there was regulation at translation. In sup-

port of this proposal, the 50 translation initiation-region of

rpsA mRNA contained folding elements as those involved

in regulation of its translation in other species. Disap-

pearance of MetK and RpsA from the soluble protein

fractions of SBL-treated rhizobia suggests that SBL might

have attenuated the nutritional stress response of

B. japonicum.

Introduction

Legume lectins are (glyco)proteins involved in cell–cell

recognition, which is performed by specific binding of the

lectins to cell surface polysaccharides. The participation of

these proteins in the symbiosis between nitrogen-fixing rhi-

zobia and legume plants was recognized in 1974 by Bohlool

and Schmidt [2] in the Bradyrhizobium japonicum soybean

symbiosis, where the bacterial exopolysaccharide (EPS)

specifically binds the soybean lectin (SBL). Later, Dazzo and

Truchet [9] proposed that rhizobia-legume recognition

might occur by specific bridges through the lectin’s multi-

valent sugar binding sites between the plant and rhizobial

surface polysaccharides. However, further experiments shed

doubts about this hypothesis, and observations in transgenic

plants expressing heterologous lectins suggested another

role related with stabilization of infection thread structures

into the root hairs [12, 34, 35]. Infection threads are the

channels through which rhizobia enter the plant root cells,

and plant defense reactions that could be triggered against

this invasion are attenuated during the passage of symbiotic

rhizobia toward the developing root nodule. Bacterial sur-

face polysaccharides are among the rhizobial molecules

involved in suppressing plant defense reactions, and the

experimental data obtained to date indicate the relationship

among some activity of these polysaccharides, plant defense

suppression, and root hairs infection [14]. In B. japonicum,

mutants producing an EPS devoid of galactose, the specific

SBL-binding sugar moiety, triggered a rapid plant defense

response in contrast to mutants producing EPS devoid of

galacturonic acid, which is not a SBL hapten [27, 29].

However, a link between this polysaccharide activity and

plant lectin activity has not been yet reported.

Halverson and Stacey [15] observed that low concentra-

tions of SBL increased the infectivity of B. japonicum. This
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stimulation required prolonged incubation times of the rhi-

zobia with the lectin before inoculation to the roots, and was

inhibited by the addition of rifampin and chloramphenicol.

Thus, this study indicated that at least this infection-simu-

lating role of SBL, at low concentrations, is not restricted to a

passive bridge between both cell surfaces, suggesting an

active role which involves protein synthesis in the rhizobia.

Further studies confirmed this activity and extended it to

rhizobial adhesion to root surfaces and competition for

nodulation [23]. In these experiments, the rhizobia were

incubated for different times in C- and N-free plant nutrient

solution, where the bacterial growth was transiently arrested

for the first 12 h after which cell duplication was resumed.

Interestingly, the adhesion to plant roots was maximal during

this lag phase, and decreased at the onset of cell division. In

parallel, the adhesion stimulated by SBL also peaked at the

end of the lag phase. In other studies [24], incubation of

Rhizobium etli with the common bean lectin phytohemag-

glutinin increased the bacterial respiration rate, another

indication that plant lectins have an active role in modifying

the metabolic status of the bacterial cell. However, in none of

these works the possible differences that could arise in rhi-

zobia protein profiles in response to SBL were studied.

Proteomics allows the simultaneous screening of mul-

tiple polypeptides in cell extracts. By means of this tech-

nique, the polypeptide profiles from different cell types or

from the same cell in different physiological situations may

be accurately compared. Therefore, proteomes have been

studied in different bacterial species to better understand a

variety of phenomena such as quorum-sensing [11], biofilm

formation [31], two-components signaling [7], virulence

[1], etc. These studies are facilitated by the availability of

complete bacterial genomic sequences and the coupling of

polypeptide separation to mass spectrometric analyses,

which allow rapid identification of differentially expressed

polypeptides. In B. japonicum, the complete genomic

sequence of the type strain USDA 110 is available [19],

and therefore proteomics was already applied in this spe-

cies to compare the symbiotic and free-living states [30]

and to characterize the secreted proteins from free-living

bacteria [17]. In this study, we employed proteomics to

analyze the changes in protein profiles of B. japonicum

USDA 110 produced in response to low concentrations of

SBL.

Materials and Methods

SBL Preparation

SBL was purified from soybean seeds by affinity chroma-

tography with e-aminocaproyl-N-acetyl-b-D-galactosamine

agarose and analyzed as described [23].

Bacteria Incubation and Proteins Extraction

Bradyrhizobium japonicum USDA 110 was grown in yeast

extract-mannitol (YM) medium [36] at 28 �C and 180 rpm

until the logarithmic growth phase attained at an optical

density at 500 nm (OD500) of around 0.6. Then, rhizobia

were centrifuged at 10,0009g and resuspended in the same

volume of C- and N-free plant nutrient Fåhraeus solution

[13]. This suspension was divided in two halves. To one

half, SBL was added to a final concentration of 10 lg ml-1,

while the other half was kept without SBL. Both suspen-

sions were incubated without agitation for 12 h at 28 �C

[15, 23] and were then centrifuged at 10,0009g and

washed three times with 1 M D-galactose, for the first two

washes in PBS and for the last in 3 mM KCl, 1.5 mM

KH2PO4, 68 mM NaCl, and 9 mM NaH2PO4. The pellet

was resuspended in 10 mM Tris–HCl pH 8.5 up to an

OD500 = 10, and 1 ll of phenylmethylsulfonyl fluoride

(PMSF) in Tris–HCl per ml was added. Cells were then

broken using a Sonifier 150 (Branson) sonicator with six

pulses of three min at 38 % power in an ice bath. The

lysate was centrifuged at 30,0009g for 20 min to remove

unbroken cells and cell debris. The supernatant was cen-

trifuged again at 70,0009g for 1 h to discard the micro-

somal fraction. The supernatant was precipitated with four

volumes of acetone for 12 h at -20 �C, centrifuged at

10,0009g for 20 min, and resuspended in approx. 400 ll

of rehydration solution containing 8 M urea and 2 % 3-

[(3-cholamidopropyl)dimethylammonium]-1-propanesulfonate

(CHAPS). Proteins were quantified according to the

method of Bradford [4] and the quality of the preparation

was assessed in 1D sodium dodecyl sulfate–polyacryl-

amide gel electrophoresis (SDS-PAGE) according to

Laemmli [20].

2D Gel Electrophoresis and Polypeptides Identification

Proteins in the rehydration buffer were mixed with 0.28 %

dithiotreitol (DTT) in 0.5 % commercial buffer for iso-

electrofocusing (IPGbuffer) supplemented with bromo-

phenol blue to a final volume of 340 ll. This mixture was

agitated for 20 min and centrifuged in a microcentrifuge at

a maximal speed for 3 min. The supernatant was loaded

onto an Immobiline DryStrip (pH 3–10 or pH 4–7, 18 cm,

GE Healthcare) and subjected to isoelectrofocusing. The

second dimension was performed in SDS-PAGE and pro-

teins were stained with Coomassie Brilliant Blue.

In all experiments, three independent cultures (launched

in different days) were processed as described above, and

from each protein extract, three independent pairs of gels

were run and compared. Only the spots that were consis-

tently repeated in each member of the nine pairs of gels
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were analyzed. For this analysis, matrix-assisted laser

desorption ionization time-of-flight (MALDI-TOF) was

performed as described [39] in a mass spectrometer

(Ultraflex II TOF, Bruker) in a reflectron-positive mode,

and peak intensities between 800 and 3,000 Da were reg-

istered. The chromatograms were analyzed by means of the

software Flex Analysis 3.0 with the algorithm SNAP. The

peptide sequences from the B. japonicum USDA 110

genome, which were able to give rise to these same peaks,

were identified by means of the software Bio-Tools and the

Mascot program with p \ 0.05 for type I error. Spots were

identified and analyzed by Image Master 2D Platinum v 5.0

software (GEHealthcare).

Retrotranscribed-PCR

Rhizobial suspensions cultured in the presence or absence

of SBL as above were centrifuged at 11,0009g at 4 �C for

40 min and washed twice with 1 M NaCl. Then, the cells

were disrupted with lysozyme in buffer TE, pH 8.0. Total

RNA was obtained with Trizol (Invitrogen) following

manufacturer’s instructions and then treated with DNase I

at 37 �C 15 min. cDNA was synthesized using random

primers with M-MLV reverse transcriptase (Invitrogen)

following the manufacturer’s instructions. After retrotran-

scription, PCR was performed as described [29] using the

following primers: for metK, SadenFw: 50-CGGATTC-

CAAGAGCCAGGT-30 and SadenRv: 50-CGCCGATGT

AGAACTTGCC-30; for rpsA, S1Fw: 50-AACCTCGAA-

GAGGGTCAGGT-30 and S1Rv: 50-CTCGAGACCCA

GGAACAGAC-30; and for sigA (internal control, [16]):

sigAFw: 50-CTGATCCAGGAAGGCAACATC-30 and

sigARv: 50-TGGCGTAGGTCGAGAACTTGT-30. The

following reaction controls were employed: (1) reaction

without template to test for the absence of contamination in

the reagents, (2) reaction with a product obtained omitting

the retrotranscription step to test for the absence of DNA

remaining after DNAse treatment, and (3) reaction with

genomic DNA as template to test primers’ accuracy and

amplicon size. Results from retrotranscribed PCR reactions

were analyzed only when controls (1) and (2) gave nega-

tive results and control (3) gave a positive result.

RNA Folding

Possible folding of the translation-initiation region (TIR) of

metK and rpsA mRNAs were estimated by the mfold Web

Server [http://mfold.rna.albany.edu/?q=mfold]. A possible

riboswitch element in metK was searched by means of

Riboswitch Explorer [http://132.248.32.45/cgi-bin/ribex.

cgi] and Rfam [http://rfam.sanger.ac.uk]. Models for fold-

ing of rpsA RNA TIR were obtained as described previ-

ously [3, 33] with the -80 to ?18 sequence regions of rpsA

from B. japonicum USDA 110, Bradyrhizobium sp. ORS278,

and Bradyrhizobium sp. BTAi obtained from Rhizobase

[http://genome.kazusa.or.jp/rhizobase]. Multiple sequence

alignments were performed with Vector-NTI 10.1.1 [http://

www.invitrogen.com/site/us/en/home/LINNEA-Online-

Guides/LINNEA-Communities/Vector-NTI-Community/

vector-nti-software.html].

Results and Discussion

Differences in Polypeptides of B. japonicum Incubated

with or Without SBL

When B. japonicum USDA 110 cells grown in rich YM

medium [36] are transferred to C- and N-free Fåhraeus

plant nutrient solution [13], the nutritional shift leads to

growth arrest [23]. It was previously observed that in this

starving condition, SBL induces an increase in B. japonicum

adhesiveness and infectiveness on soybean roots through a

process that seems to require protein synthesis [15]. To

observe the possible effects of SBL on protein profiles of

these nutrient-deprived B. japonicum cells, we compared

the proteomes of soluble protein fractions from rhizobia

incubated in Fåhraeus solution with or without SBL at a

final concentration of 10 lg ml-1. Since SBL is considered

to play a passive role in symbiosis by establishing a

molecular bridge between the surface polysaccharides of

plants and rhizobia, we did not expect to find extensive

differences in the proteomes; therefore, we evaluated three

independent protein extracts per condition, each one in

triplicate gels. Only those differential spots that were

consistently observed in the nine gels were analyzed. In

addition, we only focused on spots that were either present

or absent in each different condition. Representative gels

are shown in Fig. 1.

We started with a pH range of 3–10 in the first dimen-

sion, and clearly distinguished 340–350 spots in

20 9 20 cm gels (Fig. 1a, b). However, most of the spots

were grouped in the central region of the gels, and there-

fore it was difficult to isolate them for identification. The

spot number 10 in Fig. 1a was clearly observed in

the incubations without SBL, but was undetectable in the

incubations with SBL. This spot could be identified and

matched with the 30S ribosomal protein S1 (RpsA).

To better separate the polypeptides in the central region of

the gels, we employed a pH gradient of 4–7 in the first

dimension (Fig. 1c, d). Since the aim of this study was not to

establish the complete proteome of B. japonicum in this

culture condition but only to detect possible differences due

to the presence of SBL, we extracted a set of 29 spots for their

identification and mapping in the gels to unequivocally

determine the position of the observed differential spots in
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Fig. 1 Electrophoretic analysis of soluble protein fractions from

B. japonicum USDA 110. The rhizobia were incubated for 12 h in

Fåhraeus solution in the absence (a, c) or presence (b, d) of SBL 10

lg ml-1. 2D-PAGE separations were done by pI in the pH range from

3 to 10 (a, b) or 4 to 7 (c, d) in the horizontal dimension and by size in

the vertical dimension. Numbers indicate the proteins identified by

tryptic digestion and MALDI-TOF that are described in Table 1.

Insets: amplification of the images where relevant differences were

reproducibly encountered; e, f differential expression of S1 (spot 10),

g, h differential expression of SAM-synthetase (spot 21). Densito-

metric quantification of the spots are shown in panels i–j (from insets
e–f) and k–l (from insets g–h). In all cases numbers refer to the same

identified proteins. Spots without numbers were not identified
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Table 1 Proteins identified in this study using the program MASCOT with a mass tolerance of 50 ppm and the NCBInr database

Protein Spot Differential Score

Mascot

GI Theoretical

PI

Theoretical

MW

No. of

mass

values

matched

No. of

mass

values

searched

Transport proteins

1 ABC transporter substrate-binding

protein

9 –

85

27380786 8.95 40,020 10 47

2a ABC transporter substrate-binding

protein

11 –

91

27380707 5.72 55,372 9 35

3 ABC transporter amino acid-binding

protein

18 –

92

27379557 5.61 34,659 6 7

4a Probable amino acid-binding protein 26 –

89

27378020 6.22 33,880 7 13

5a ABC transporter substrate-binding

protein

27 –

76

27378936 6.32 40,722 6 19

Proteins related to energy metabolism.

6 F0F1 ATP synthase subunit b 2 – 234 27375551 5.13 50,987 11 48

7 Enolase 4 – 103 27379905 5.08 45,314 8 35

8 Glyceraldehyde-3-phosphate

dehydrogenase

8 – 95 27376634 7.77 35,826 8 36

9 Probable succinate-semialdehyde

dehydrogenase [NADP?]

13 – 206 27379109 5.30 50,087 16 31

10 NADH dehydrogenase subunit C 14 – 78 27380028 4.80 23,201 6 23

11 Enoyl CoA hidratase 17 – 117 27378147 5.44 27,829 7 19

12 Inorganic pyrophosphatase 16 – 78 27375659 5.61 20,096 6 27

13 Malate dehydrogenase 19 – 82 27375567 5.88 34,275 9 35

14 S-adenosylmethionine synthetase 21 without SBL 145 27381056 5.88 43,613 11 30

15 Pyruvate dehydrogenase subunit b 22 – 105 27379893 4.81 48,906 10 35

16 Pyruvate dehydrogenase subunit b 23 – 116 27379893 4.81 48,906 11 34

17 Glutamine synthetase II 20 – 197 27379280 6.02 38,570 13 18

Proteins related to transcription, translation and protein folding

18 Chaperonin GroEL 1 –

99

27380737 5.45 57,716 9 18

19 Molecular chaperone DnaK 3 –

81

27375790 5.12 68,364 8 23

20 DNA-directed RNA polymerase subunit a 5 –

117

27380487 4.90 38,035 9 16

21 Elongation factor G 6 –

159

27380514 5.32 76,067 22 77

22 Polynucleotide phosphorylase/

polyadenylase

7 –

214

27375890 5.47 78,307 22 37

23 30S ribosomal protein S1 10 without SBL
75

27375851 5.27 64,213 10 42

24 Aspartyl/glutamyl-tRNA

amidotransferase subunit B

12 –

87

27380198 5.22 54,388 9 19

25 HspC2 heat shock protein 15 –

139

27379748 5.47 19,422 9 27

26 Elongation factor Ts 24 –

75

27379971 6.17 32,175 5 14

Proteins unclassified and hypothetical

27a Periplasmic mannitol-binding protein 25 –

85

27378854 7.02 37,422 8 40
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the nine gels analyzed for each condition. The spots, which

included polypeptides related to transport, energy metabo-

lism, transcription, translation, and protein folding, and

without assigned function, are numbered in Fig. 1 and their

identification is shown in Table 1.

Despite the better separation, only two differences in

addition to S1 (spot 10) could be detected: spots 21 and 28

(Fig. 1c–d). One of them (spot 21) was again detected only

in the condition without SBL (Fig. 1c) and was identified

as S-adenosylmethionine (SAM) synthetase (MetK). By

densitometric quantification (Fig. 1i–l), we observed that

the quantities of S1 and SAM-synthetase varied signifi-

cantly between both treatments, by comparing to the other

proteins, which were at similar amounts, e.g., chaperonin

GroEL, and ABC transporter substrate-binding proteins

GI27380707 and GI27378936 (spots 1, 11, and 27, Fig. 1i–l).

Meanwhile, another spot (No. 28) was detected only in the

condition with SBL (Fig. 1d), but it did not match with any

sequence in the B. japonicum genome. After searching

other databases, it turned out that this spot was SBL itself,

thus confirming its strong binding to the bacterial cell

surface [28]. Since SBL was used at low concentration and

cells were washed with a method aimed to remove most of

the SBL, this result indicates the sensitivity and specificity

of the detection of differential polypeptides.

In our experimental design, rhizobia grown in a rich

culture medium were suspended in C- and N-free plant

nutrient solution, a similar nutritional shift to what occurs

when rhizobia grown in rich broths (inoculants) are inoc-

ulated to the soybean seeds or the soil. Therefore, during

the initial period in this poor medium, rhizobial growth is

arrested [23]. Accumulation of SAM-synthetase and S1

was already observed in other bacterial species under

nutritional stress and during growth arrest periods [10, 26].

In particular, S1 was increased in the viable but non cul-

turable state of Vibrio parahaemolyticus [21]; conversely,

artificially induced increase of S1 in vivo leads to lower

growth rate [6, 32]. Therefore, the high levels of SAM-

synthetase and S1 in the soluble protein fractions of

B. japonicum incubated without SBL with respect to sim-

ilar fractions from cells incubated with SBL might indicate

more nutritional stress without SBL at the end of the 12-h

incubation period in the C- and N-free plant nutrient

solution. For the case of S1, its free presence in the cyto-

plasm might indicate an impairment in ribosomes assembly

due to more nutritional stress in the absence of SBL.

The simplest explanation for these observations is that

rhizobia might have degraded SBL and used its aminoacids

and carbohydrates as nutrients. However, the lectin con-

centration in these experiments was too low to be con-

sumed as nutrient and, even so, significant amounts of

intact SBL were recovered after incubation of rhizobia in

the presence of this lectin even after extensive washing of

the cells (Fig. 1d). Moreover, the use of SBL at 30-fold

higher concentration did not increase the total biomass of

B. japonicum in mineral medium [28], thus indicating that

this protein cannot be used as nutrient by this bacterial

species.

Table 1 continued

Protein Spot Differential Score

Mascot

GI Theoretical

PI

Theoretical

MW

No. of

mass

values

matched

No. of

mass

values

searched

28 Chain A, Soybean Agglutinin
Complexed With 2,6-Pentasaccharide

28 with SBL
74

6729836 5.15 27,555 6 39

29 Hypothetical protein blr4341 29 –

122

27379452 5.11 45,880 11 28

a MW and pI are recalculated (http://www.expasy.ch/tools/pi_tool.html) without considering the sequence of signal peptide (http://

www.cbs.dtu.dk/services/SignalP)

Proteins in bold are those identified as differential

–SBL +SBL –SBL +SBL

rpsA

λH
in

dI
II

metK

λ

metK

rpsA

sigAsigA

Fig. 2 Transcription of metK and rpsA in B. japonicum USDA 110.

RNA was obtained from rhizobia incubated for 12 h in Fåhraeus

solution in the absence (lanes 1, 2, 6, 7) or presence (lanes 3, 4, 8 and

9) of SBL 10 lg ml–1 and the RT-PCR was performed with specific

primers for rpsA (lanes 2 and 4), met K (lanes 7 and 9), or sigA
(constitutive control, lanes 1, 3, 6 and 8). Lane 5 k HindIII molecular

weight marker
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mRNA Levels Evaluated by Retrotranscribed-PCR

To evaluate if transcription of metK and rpsA also responds

to SBL, we performed semi-quantitative retrotranscribed

PCRs with metK- and rpsA-specific primers using total

B. japonicum cDNA as template. As internal control, we

included primers for sigA, the expression of which was

previously reported as constitutive [16]. We could not

observe differences in metK mRNA abundance; however,

rpsA mRNA was more abundant in the bacterial cells

incubated with SBL (Fig. 2). This last trend is opposite to

that observed above for polypeptide accumulation of S1.

However, stability of S1 protein is higher than rpsA

mRNA, especially when translation is arrested [6].

Therefore, the relative abundance of polypeptides and

transcripts may be influenced by different degradation

rates.

In E. coli, S1 is a very stable protein, the biosynthesis of

which is repressed in starved cells at the transcription level

by the ppGpp alarmone [22], and is further autoinhibited at

the translation level by binding of S1 in excess (due to

impairments in ribosomal assembly) to a translation-initi-

ation region (TIR) in its own mRNA [3, 6, 32, 33]. If our

system behaves similarly, starvation might have led to an

increase of soluble S1 in the cytoplasm, together with a

decrease in rpsA transcription, as observed. In turn, the

addition of SBL might have prevented this part of the

nutritional stress response.
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Nucleotide sequences are from

-80 to ?18 with respect to the

translation start nucleotide. Top
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To further investigate whether regulation might be at the

level of translation, we searched if the TIR of metK and

rpsA possess identifiable regulatory structures.

Analysis of TIR in metK and rpsA mRNAs

In other bacteria, the TIR of metK mRNA forms a ribo-

switch [38] that, upon binding of SAM, hides the Shine-

Dalgarno (SD) element, thus arresting translation when

SAM is abundant. A SAM element was detected in other

riboswitches that respond to SAM, such as metX and metZ

in B. japonicum USDA 110 [8], but in metK we could only

find the four conserved base-pairing sequences although

separated by much longer distance than in those SAM

elements. We also could not detect riboswitch structures in

metK of B. japonicum USDA 110 by Riboswitch Explorer

[http://132.248.32.45/cgi-bin/ribex.cgi] or Rfam [http://rfam.

sanger.ac.uk].

Regarding S1, the current hypothesis postulates that the

ability of this protein to bind to the 16S rRNA as well as to

the TIR of rpsA mRNA prevents S1 accumulation by

autoinhibition of translation when the soluble form of this

protein is in excess over the fraction bound to ribosomes

[3, 32]. The TIR of E. coli rpsA mRNA has distinct features

that distinguish it from the other mRNAs. The most

prominent are the absence of a canonical SD element and

the formation of secondary structures where the AUG start

codon lies in a hairpin with low free energy of folding.

However, in Pseudomonas putida and P. aeruginosa rpsA,

there is a SD element although the secondary structures are

similar to that of E. coli. Thus, we investigated whether

these features are also present in the rpsA TIR sequences of

B. japonicum USDA 110, Bradyrhizobium sp. BTAi1, and

Bradyrhizobium sp. ORS278. We observed that all rhizo-

bial rpsA TIR possess the SD sequence element. In par-

ticular, our mutliple sequence alignment revealed that the

B. japonicum USDA 110 DNA rpsA sequence annotated as

blr0740 in the Rhizobase [http://genome.kazusa.or.jp/

rhizobase] might contain 14 additional codons at the 5’

end, and therefore we propose that the coding sequence

should start at nucleotide No. 788135 instead of 788093.

To see if secondary structures of the B. japonicum rpsA

mRNA TIR are similar to that of E. coli or Pseudomonas,

we submitted the –80 to ?18 sequence regions of rpsA

from B. japonicum USDA 110, Bradyrhizobium sp. BTAi,

and Bradyrhizobium sp. ORS278 to the mfold Web Server

[http://mfold.rna.albany.edu/?q=mfold]. We retrieved pre-

dicted secondary structures without a clear trend, except

that in all cases the AUG start codon was in a loop (not

shown). Therefore, we divided this region in three parts:

-80 to -47, -46 to -13, and -12 to ?18, and analyzed

the possible secondary structures of each part, according to

previous works on rpsA TIR regions of other bacterial

species [3, 33]. This approach rendered secondary structure

proposals with a more defined trend, and quite similar to

that reported in other species (Fig. 3). Although the exact

folding remains to be experimentally confirmed, the salient

features in these proposals are that the AUG start codon is

at a loop in a hairpin with the lowest DG�0 of folding of all

the RNA segment and that the SD element becomes

entrapped in a double helix at the 30 end. Interestingly, the

same SD complementary sequence can be found near the 50

end in a hairpin that was suggested to play a role in ret-

roinhibition of translation by an excess of S1 in other

bacterial species [3, 33].

Concluding Remarks

The activity of SBL seems to be exerted during root hairs’

penetration by the rhizobia through infection threads [12,

34, 35]. The interior of infection threads is subjected to

acidification, nutrients extraction, and desiccation [5, 18,

25, 37], and therefore the rhizobia inside infection threads

are under stressing conditions, which might induce them to

release plant defense-inducing factors. Our results suggest

that this rhizobial stress might be attenuated by SBL.

Consistent with this proposal, mutant rhizobia that produce

EPS without galactose, the receptor moiety of SBL in

B. japonicum, induce strong plant defense reactions and

aberrant nodules devoid of bacteria, while mutants that

produce EPS without galacturonic acid do not [27, 29].

In addition, wild type B. japonicum may induce the for-

mation of nodules in transgenic Lotus corniculatus that

produces SBL, but this ability is lost in a mutant strain that

produces an EPS devoid of galactose [34]. Therefore, SBL

might be the plant partner of EPS for the suppression of

plant defense during B. japonicum infection of soybean

roots. This may also explain why the addition of SBL to

B. japonicum liquid cultures increases their competitive-

ness for nodulation [23]. Thus, this activity might be

exploited by adding SBL to commercial inoculants.
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