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Ralstonia solanacearum is an important phyto-pathogenic bacterium. The bacterium

exhibits type IV pili meditated twitching motility that has been implicated in the

process of natural transformation in it. A comA gene homolog, alike in several other

naturally competent bacteria, has been already reported in this bacterium. However,

there are no report of direct link between comA and twitching motility during the

natural transformation process in this pathogen. In order to figure out any connection

between comA and twitchingmotility, we created an insertionmutation in comA gene

homolog of R. solanacearum F1C1 strain. As anticipated, the insertion mutant

(CBRS01 strain)was inefficient for natural transformation.CBRS01 strainwas found

to be proficient for twitching motility alike the wild-type F1C1. This is interesting

since recent findings of Salzer et al. (2016;Environ Microbiol;18:65–74) showed
deficiency of twitching motility due to comEC gene (comA homolog) mutation in

another naturally competent Gram-negative bacterium Thermus thermophilus.

Additionally, we also foundCBRS01 strain to be proficient for extracellular cellulase

activity and virulence on tomato seedlings. Our findings in this work indicate that an

R. solanacearum strain inefficient in undergoing natural transformation can,

however, be proficient in exhibiting twitching motility.
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1 | INTRODUCTION

Natural genetic transformation (NGT) refers to active uptake
of exogenous DNA by bacteria in their physiologically
receptive state termed as “competent” [1]. NGT, a mode of
lateral gene acquisition, attributes to evolutionary dynamism

in bacterial genomes through DNA repair as well as
recombination [2,3]. Apart from that, NGT may occasionally
help bacteria in intake of exogenous DNA as nutrient [3–6].

DNA uptake in the competent bacteria involves proteins
related to those of type IV pilus (Tfp) assembly or type II
protein secretion system (T2SS) that are coupled to a DNA
translocation complex at the cytoplasmic membrane [7–10].
The translocation complex includes number of competence
related proteins encoded by “com” genes [11]. Several
models for exogenous DNA uptake process have been
forwarded [12–16] although none looks conclusive.

As of present understanding, in most naturally competent
Gram-negative bacteria, Tfp help in transport of extracellular

Abbreviations: MM, minimal medium; NGT, natural genetic transforma-
tion; SE, soil extract; T2SS, type II protein secretion system; Tfp, type IV
pili.
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DNA across outer membrane toward periplasmic
side [12,17,18] through secretin channel, PilQ [10]. From
periplasm, exogenous DNA passes into cytoplasm via a
membrane channel formed by competence protein homolog
ComEC [14] or ComA [19]. In the periplasm, an intrinsic
cytoplasmic membrane protein ComEA (ComE in Neisseria
gonorrhoeae) with DNA binding domain assists in the
transport [20,21]. Majority of Tfp assembly proteins are
significantly conserved in many bacteria including naturally
transforming ones [9,17,22–26]. Similarly, orthologs of
competence genes are also ubiquitous in several naturally
transforming bacterial models [10,27].

Ralstonia solanacearum is a Gram-negative β-Proteo-
bacterium that causes a lethal wilt disease in numerous
plants [28–30]. This is a soil bacterium that exhibits natural
competence [31] and Tfp mediated twitching motility [32].
Tfp in these bacteria are polarly located, which are necessary
for the characteristic twitching motility, natural transforma-
tion, and virulence [32–34]. Besides conserved machinery of
Tfp [24], the bacterium also possesses orthologs of ComEA
as well as ComEC competence protein coding genes in their
genome which are conserved across different β-Proteobac-
teria (Supporting Information Fig. S1a and b) and also within
several sequenced strains of R. solanacearum (Table 1). An
earlier study has shown necessity of comA for natural
transformation in this bacterium [35]. Several works have
considered comA gene [3,36,37] but understanding pertaining
to the mechanism of transformation involving both Tfp and
comA are still lacking in this phyto-pathogen.

Tfp as well as comA were independently shown to be vital
for natural transformation in R. solanacearum [33–35]. ComA,
the channel forming transmembrane protein [19,38] and the
Tfp [39,40], originates at the inner cytoplasmic membrane.
Competence proteins are usually located in the polar region and
maintain close interactions with the transforming machin-
ery [41].Whether a mutation in comAmay have any impact on
Tfp architecture and thus twitching motility due to Tfp is not
known. Earlier, comA mutation influencing pilin phase
variation in N. gonorrhoea had been assessed [19]. Further-
more, a recent report relates comEC (homolog of comA)

mutationwithdefectivepiliationprocess inT. thermophilus [42]
leading to twitching motility deficiency. It is noteworthy that
among all known naturally transforming bacteria, T. thermo-
philus exhibits the highest transformability [43].

Although both Tfp (and hence twitching motility) and
comA are present in R. solanacearum, understanding the link
between the two is compelling. In this regard, prime interest
of this study was to determine effect of comA disruption on
the twitching motility phenomenon of R. solanacearum
F1C1. Accordingly, an insertion mutation in comA gene
homolog of R. solanacearum (F1C1 strain [44]) was created
by homologous recombination with pCZ367 vector [45]
containing an internal fragment of the gene. The comA
insertion mutant (CBRS01) was studied for twitching
motility under microscope. In addition, CBRS01 was also
studied for some associated features like virulence on tomato
seedlings and extra-cellular cellulase secretion on plate in
comparison to wild-type F1C1.

2 | MATERIALS AND METHODS

2.1 | Chemicals and media

Chemicals, bacterial culture medium components, antibiotics
used were procured from Hi-Media, Mumbai, India. Plastic
wares were bought from Tarsons, Kolkata, India; Glasswares
were procured from Borosil, Kolkata, India. All enzymes
includingDream Taq polymerases, restriction endonucleases,
and T4 ligases were procured from Fermentas (Thermo
Fisher Scientific, Mumbai, India). DNA ladders (Generuler,
Thermo Fisher Scientific), dNTPs were bought from
Fermentas (Thermo Fisher Scientific). Genomic DNA
isolation kits, Plasmid DNA isolation kits, Gel-extraction
kits were acquired from Qiagen (New Delhi, India).

2.2 | Bacterial strains and growth conditions

Bacterial strains, plasmids used in the study are listed in
Table 2. E. coli DH5α strain was grown on Luria-Bertani

TABLE 1 Homology amid the two competence genes namely comEC (or comA) and comEA (or comE) at nucleotide and protein levels present in some of the
strains of R. solanacearum and other Ralstonia species determined by BlastN and BlastP (NCBI)

BalstP BlastN

R. solanacearum and other Ralstonia species Phylotype ComEC ComEA comEC comEA

R. sol. GMI1000 I 100 100 100 100

R. sol. FQY_4 I 99 100 99 100

R. sol. PSI07 IV 89 92 91 93

R. sol. CMR15 III 96 95 96 97

R. sol. Po82 II 85 89 88 98

R. sol. CFBP2957 II 85 92 88 89

R. syzigii R24 IV 89 93 91 93
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(20 g/L) medium [46] at 37 °C and whenever required Agar
(15 g/L) was added for plating purpose. R. solanacearumwas
grown at 28 °C in complete BG-medium with added glucose
(5 g/L). BG medium was prepared with following concen-
trations Bacto peptone, 10 g/L; casamino acids, 1 g/L; yeast
extract, 1 g/L [47]. Agar (15 g/L) was added for plating as and
when required. Antibiotics used in the experiments were
ampicillin, gentamycin, and spectinomycin that were added
to medium at a concentration of 50 μg/ml, as per requisite.

E. coli DH5α competent cells were prepared following
Inoue et al. [48]. Transformation into competent DH5α cells
was performed by heat-shock at 42 °C for 90 s.

For natural transformation, R. solanacearumwere grown in
Minimal Medium supplemented with glycerol (20 g/L).
Composition of Minimal Medium [47] is as FeSO4 · 7H2O,
1.25 × 10−4g/L; (NH4)2SO4, 0.5 g/L;MgSO4 · 7H2O, 0.05 g/L;
KH2PO4, 3.4 g/L. The pH of the medium was calibrated with
KOH to 7.0.

Although R. solanacearum is a soil-dwelling bacterium,
expression pattern of competence genes like comA in soil
conditions (which is basically a solid stratum) will be
interesting to examine. In this study, sterilized “soil extract”
(SE) was included as medium to compare if supernatant of
soil mixture in distilled water could have any inducing effect
on comA expression. SE was prepared as 10–15 g garden soil
was taken which was then mixed in 100 ml distilled water.
After mixing, the soil suspension was filtered twice via filter
paper (Whatman (no 1); GE Healthcare, Kolkata, India). The
supernatant was then sterilized by autoclaving and used for
the experiment.

2.3 | Analysis of comA homolog presence in
the F1C1 strain of Ralstonia solanacearum

Nucleotide sequences of comA gene (2541 bps length)
from Po82 strain (rspo82_chr) of Ralstonia solanacearum

was obtained from LIPM website (https://iant.toulouse.
inra.fr/R.solanacearum). A first 1550 nucleotide
sequence of the gene was picked for designing PCR
primers using NCBI Primer- BLAST tool (www.ncbi.nlm.
nih.gov/tools/primer-blast). HindIII restriction site (5′-
AAGCTT-3′) at the 5′ end of forward primer and XbaI site
(5′-TCTAGA-3′) at the 5′ end of the reverse primer were
incorporated during primer designing step. Synthesized
primers were obtained from Bioserve (Hyderabad, India).
All the primers used in the entire work are listed in
Table 3.

Genomic DNA of F1C1 strain of R. solanacearum was
used as template and a PCR reaction was kept with the
primer set primer (oCBF2: 5′-GCCAAGCTTCCCTGCT-
GATCGGCTTTGT-3′; oCBR2: 5′-CCTCTAGAGA-
CAGTCCATCCAGCCACG-3′). PCR reaction recipe for
each 20 µl volume reaction was: Dream Taq Buffer (10×),
2.0 µl; 2 mM dNTPs, 1.2 μl; DMSO, 0.9 μl; forward primer
(10 μM), 1.0 μl; reverse primer (10 μM), 1.0 μl; template
DNA, 1.0 μl; dream-Taq DNA polymerase (5 U/µl), 0.2 μl;
nuclease-free water, 12.7 µl. The amplification was per-
formed on a PCR machine (Mastercycler, Nexus, Eppen-
dorf, Germany). Cycling conditions used for Gradient-PCR
was: (step 1) Initial denaturation at 95 °C, 5 min; (step 2 for
34 cycles) denaturation at 95 °C, 1 min; annealing at 59 °C,
30 s; extension at 72 °C, 1.30 min; (step 3) final extension at
72 °C, 5 min. PCR reactions were visualized on 0.8%
agarose gels (1XTAE, 70 V, 200 mA, and 45 min). Gels
were observed in a gel-doc system (E-gel imager, Thermo
Fisher Scientific). A DNA amplicon of ∼1.5 kb size could
be detected in the gel which was gel-extracted and
subsequently sequenced in a DNA sequencer (Genetic
Analyzer, model: 3130, Thermo Fisher Scientific). A total
of 582 nucleotide sequence could be obtained which were
used for homology studies.

TABLE 2 List of plasmids, bacterial strains used in this study

Plasmids and bacterial strains Relevant characteristics Antibiotic resistance Reference

Plasmids

pGEMT Cloning vector Ampicillin Promega

pTZ57R/T Cloning vector Ampicillin Thermo Scientific

pCB001 pTZ57R/T::comA homolog of F1C1 Ampicillin This study

pCZ367 Insertional vector with lacZ reporter Ampicillin, Gentamycin [45]

pAB001 pCZ367::comA homolog of F1C1 Ampicillin, Gentamycin This study

pAB002 pGEM-T with ΩSpc insertion in RSc0115 gene homolog of F1C1 Ampicillin, Spectinomycin This study

Escherichia coli

DH5α F− recA lacZ ΔM15 Lab strain

Ralstonia solanacearum

F1C1 Wild-type strain − [44]

CBRS01 comA gene homolog::lacZ Ampicillin, Gentamycin This study

ABRS02 RSc0115 gene homolog::ΩSpc Spectinomycin This study
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2.4 | Creation of insertion mutation in comA
gene homolog of R. solanacearum (F1C1)

The ∼1.5 kb amplicon of the comA gene homolog of F1C1
obtained in previous step was ligated to PCR cloning
vector pTZ57R/T (Thermo Fisher Scientific) following
manufacturer's instructions to obtain plasmid pCB001
(pTZ57R/T::comAF1C1). Plasmid pCB001 was then sub-
jected to restriction digestion with HindIII and
XbaI enzymes simultaneously to get the 1.5 kb amplicon.
The double digested amplicon was subsequently ligated to
plasmid pCZ367 [45] that were previously linearized with
the same pair of restriction enzymes. Recombinant
plasmid pAB001 (pCZ367::comAF1C1) was obtained and
its cloning step was re-confirmed by double digestion with
HindIII and XbaI.

For natural transformation of R. solanacearum (F1C1),
methodology described by Gonzalez et al. [49] was
followed. F1C1 was transformed with plasmid pAB001.
Successful transformants were selected on appropriate
antibiotic containing plates. Examination of the insertion
of pAB001 in CBRS01 was done by performing a PCR. For
this step a reverse primer at the 5′ end of the lacZ gene of
pAB001, that is, olacR1: 5′-AAGGGGGATGTGCTG-
CAAGG-3′ [45] and a forward primer [oF2119: 5′-
GAATCGATCGTGCTGGAAACC-3′] designed at the 5′
end upstream of the gene sequences before the first forward
primer which was utilized for amplifying the initial 1.5 kb
DNA amplicon, were taken. An amplification of ∼2.0 kb
size DNA band in gel confirmed successful insertion event
since control with wild-type F1C1 DNA did not yield any
such band. One of the transformant, CBRS01 was used for
subsequent studies.

2.5 | Checking natural transformability of
comA homolog mutant

Natural transformation attribute of CBRS01 (comA homolog
mutant) and wild-type F1C1 was compared by performing
independent natural transformation experiments in both.

In this step, a vector construct pAB002 (pGEM-T with
ΩSpc insertion in RSc0115 gene homolog of F1C1; Table
2) was linearized with NdeI enzyme and then used to
transform into both. pAB002 vector construct contained
two independent DNA amplicons (of ∼1.0 kb size) from 5′
and 3′ regions respectively of RSc0115 gene homolog of
F1C1 in a pGEM-T vector (Promega). The construct carried
a 2.0 kb size spectinomycin resistant antibiotic cassette
“ΩSpc” [51] between the two amplicons. pAB002 was
treated with NdeI enzyme to make it linear. Transformation
with linearized pAB002 allows deletion to occur by double-
homologous recombination event, leading to replacement of
the deleted region with “ΩSpc” cassette in RSc0115
homolog. Successful transformants were screened on
spectinomycin containing plates. Deletion event in trans-
formants were confirmed by performing a PCR with a
forward primer designed upstream of RSc0115 homolog in
F1C1 [oF216: 5′-GCTTCTCCTCGCAATGTGG-3′] and a
reverse primer designed at the 5′ end of Spectinomycin
gene in ΩSpc cassette [50], that is, oSpc5-01: 5′-
CGTTACCACCGCTGCGTTCGG-3′. An amplification of
∼2.0 kb DNA band confirmed success of transformation.

2.6 | Twitching motility study

Twitching motility study in CBRS01 and wild-type F1C1
was carried out as per the procedure of Ray et al. [34].
Saturated culture of the mutant and wild-type F1C1 was
diluted 104 fold separately. About 10 μl each from the
diluted inoculums were spotted on BG-agar plates and
incubated at 28 °C. Plates were observed under an inverted
fluorescence microscope (Evios, Thermo Fisher Scientific)
through transmitted light using 10× objective within
12–18 h duration of the spotting.

2.7 | Assay for lacZ gene expression

lacZ expression assay in CBRS01 was performed in three
medium conditions viz. BG, Minimal Medium and Soil

TABLE 3 List of primers used in the study

Sl no Name of the oligo Sequence Reference

1 oCBF2 5′-GCCAAGCTTCCCTGCTGATCGGCTTTGT-3′ This study

2 oCBR2 5′-GCCTCTAGAGACAGTCCATCCAGCCACG-3′ This study

3 olacR1 5′-AAGGGGGATGTGCTGCAAGG-3′ [45]

4 oAB001 5′-AGGGTGTGCTGGCGATGCTG-3′ This study

5 oAB002 5′-GCCGAATTCATGCGGGCGCATAGCTGACC-3′ This study

6 oAB031 5′-GCCGAATTCGCCATCGGCACGGCCTACAG-3′ This study

7 oAB032 5′-GAGACGGCGTTGGACAGCGT-3′ This study

8 oSpc5-01 5′-CGTTACCACCGCTGCGTTCGG-3′ This study

9 oF2119 5′-GAATCGATCGTGCTGGAAACC-3′ This study

10 oF216 5′- GCTTCTCCTCGCAATGTGG-3′ This study
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Extract (Materials and Methods section) following
Miller [51]. Few modifications in the method were made
as per Ray et al. [34]. Expression was calculated in terms
of Miller units. Soil-extract as a natural medium was
incorporated in the experiment considering the fact that
R. solanacearum being soil-dwelling bacteria and compe-
tence genes such as comA may have variable expression
patterns when the bacteria is in soil condition.

2.8 | Pathogenicity test on tomato seedlings

Pathogenicity assay for comparative study of virulence due
to CBRS01 and wild-type F1C1was performed on 6–7 days
old tomato seedlings by leaf-clipping method [52]. The
methodology in brief is as follows: Tomato NS812 seeds of
Namdhari cultivar (Namdhari Seeds, Bangalore, India)
were germinated on sterile tissue-paper beds kept at
28 °C for 6–7 days in a growth-chamber (Orbitek, Scigenics
Biotech, India). After germination, all the seedlings were
transferred to sterile 1.5 ml centrifuge tubes one in each.
About 1.0 ml sterile distilled water was added in each of the
tubes prior to seedling transfer was carried out. Next, fresh
saturated cultures of comA mutant and wild-type F1C1 were
pelleted down by centrifugation at 3155xg for 15 min in a
centrifuge machine (Centrifuge 5804 R, Eppendorf,
Germany). Pellets were diluted to 108 cfu/ml conc. in
water. A pair of sterile scissors (stainless steel make)
was taken which was dipped in the bacterial inoculum (108

cfu/ml conc.) every time prior to clipping off one-third of a
leaf in each seedling. Leaf-clipping inoculation was
performed for both the strains separately in 40 tomato
seedlings taken for each type. Another 40 seedlings for leaf-
clipping with water and a set of identical numbers as un-
clipped seedlings were kept as control. Seedling sets were
then transferred to a growth chamber (Orbitek, Scigenics
Biotech, India) maintained at 28 °C and 75% relative
humidity. Photoperiod was set as 6.0 h light and 18.0 h of
darkness. Seedlings were analyzed and observations were
recorded each day till 10th day post-inoculation.

2.9 | Cellulase assay of the comA
homolog mutant

Cellulase assay was performed following Teather and
Wood [53]. About 5.0 μl of fresh saturated cultures of
CBRS01 and wild-type F1C1 was separately spotted on
previously prepared carboxy-methyl cellulose (0.2%)-agar
plates. Spotted plates were incubated at 28 °C in an
incubator (Orbitek, Scigenics Biotech, India) for 48 h.
Plates were poured with 0.1% Congo-red solution and kept
at room temperature for about half an hour. Next, Congo-
red solution was discarded and then plates were incubated
with 1 M NaCl solution for 10–15 min at room temperature.
After pouring-off the solution, cellulase activity in the
plates were analyzed.

3 | RESULTS

3.1 | comA gene homolog in R. solanacearum
F1C1 strain

A DNA amplicon of ∼1.5 kb size was obtained after a PCR
reaction with the oligo pair (oCBF2 and oCBR2 taking F1C1
genomic DNA (Supporting Information Fig. S2). The partial
sequence of the amplicon exhibited high homology with
comA homologs of different R. solanacearum strains
(Supporting Information Table S1) which suggested the
presence of comA homolog in F1C1 strain. The genome
sequence of F1C1 has also revealed the presence of entire
coding sequence of comA homolog in it (unpublished data).
F1C1 is a phylotype I strain [44] and the partial nucleotide
sequence of comA homolog has significant homology with
GMI1000 comEC (homolog of comA; RSc1120), the
phylotype I strain. In GMI1000, comEC gene persists as
the fourth gene in an operon (https://iant.toulouse.inra.fr/
bacteria/annotation/cgi/ralso.cgi). The organization is also
identical in other sequenced R. solanacearum strains.
Therefore, it is likely that a similar alignment of comA is
occurring in the F1C1 genome.

3.2 | Disruption of the comA homolog in F1C1
leads to loss of natural transformation
phenomenon

The insertion mutation in comA homolog was achieved by
single cross over event using the plasmid pAB001 (Table 2).
Natural transformation (as described in the Materials and
Methods section) of F1C1 with vector pAB001 yielded
transformants that were selected on BG-agar plates
supplemented with ampicillin and gentamicin antibiotics.
pAB001 has pCZ367 vector backbone that harbors a
promoterless lacZ gene [45] and the transformants were
positive for X-gal assay (data not shown). One of the
transformants, CBRS01, was studied further. Confirmation
for the insertion of pAB001 in comA homolog of F1C1 was
performed by PCR as described in Materials and methods.
A DNA band of ∼2.0 kb size confirmed the successful
insertion of pAB001 in comA homolog of F1C1 (Supporting
Information Fig. S3).

CBRS01 when subjected to natural transformation
with the linearized vector pAB002, failed to generate any
transformant on BG-agar plate supplemented with specti-
nomycin antibiotic. Transformation process was carried
out several times, but no successful transformants could
be obtained. On the other hand, in positive control, wild-
type F1C1 transformed with the same linearized vector
resulted in successful transformants on spectinomycin
added plates (Fig. 1). A PCR reaction as described in the
Materials and methods yielded a DNA band in successful
transformants confirming transformation efficacy in wild-
type F1C1.

222 | BARMAN ET AL.

https://iant.toulouse.inra.fr/bacteria/annotation/cgi/ralso.cgi
https://iant.toulouse.inra.fr/bacteria/annotation/cgi/ralso.cgi


Loss of natural transformation due to comA disruption in
CBRS01 is in agreement withMercier et al. [35] and also with
findings in other naturally competent bacterial spe-
cies [10,14,15,54]. These all strongly indicated that the
insertion of pAB001 in the comA homolog resulted in the loss
of natural transformation ability in CBRS01 strain. In
R. solanacearum GMI1000 genome, the role of the
immediate genes downstream to comEC during natural
transformation event is not known yet. Therefore the loss of
transformation ability in the mutant strain is only due to comA
deficiency needs further investigation. However, the inser-
tion in CBRS01 leads to transformation inefficiency is true as
independent mutants also exhibited similar phenotype.

3.3 | F1C1 comA mutant is twitching
motility proficient

Twitching motility of CBRS01 strain was studied following
the methodology described inMaterials andMethods section.
CBRS01 is twitching motility proficient like the wild-type
F1C1 strain (Fig. 2). This indicated that twitching motility
may not be sufficient for natural transformation phenomenon
in R. solanacearum.

A recent report of Salzer et al. [42] that relates comEC
mutation with Tfp dysfunction leading to defective twitching
motility in T. thermophillus indicated that the connection

of comA (or comEC) with Tfp is not same in both the
bacteria. The organization of comEC and comEA genes in
T. thermophillus is in an operon [55] while in R.
solanacearum GMI1000 both the genes are located differ-
ently. Thus, expression pattern of comEC (or comA) in both
the organisms is likely to be different. In addition mutation in
comEC reduces expression of pilin proteins like PilA1, PilA4,
and PilN resulting in defective piliation in T. thermophillus
[42]. Though pilN as well as pilA1 gene homologs are present
in R. solanacearum (NCBI & https://iant.toulouse.inra.fr/
bacteria/annotation/cgi/ralso.cgi), involvement of comA in
regulation of expression of Tfp in this bacterium is not
known.

3.4 | A F1C1 comA mutant is virulence
proficient on tomato seedlings

R. solanacearum being proficient for natural transformation
during host infection has already been reported [56]. There
have been findings of reduced virulence in case of Tfp mutants
that are inefficient for both natural transformation as well as
twitching motility [32–34]. As CBRS01 is proficient for
twitching motility, but lost ability to undergo natural transfor-
mation, its virulence on tomato seedlings was tested (Fig. 3).

We checked for the virulence phenotype of comA mutant
by inoculating tomato seedlings via leaf-clippingmethod [52]

FIGURE 1 comA mutant is inefficient for natural transformation. Transformation experiment performed in comA homolog mutant CBRS01 and wild-
type F1C1 with linearized plasmid pAB002. (A) No transformants observed on BG-agar plate supplemented with spectinomycin antibiotic when CBRS01
was transformed. (B) Successful transformants on BG-agar +spectinomycin plate shows transformability in wild-type F1C1

FIGURE 2 comA mutant is proficient for twitching motility. Image showing twitching motility study under microscope after spotting 104 folds diluted
bacterial suspension on BG-agar plate. Plates were observed between 12 and 18 h of incubation. (A) CBRS01 (comA mutant). (B) F1C1 wild-type.
Characteristic finger-like projection on the both deciphers maintenance of twitching motility in comA mutants as well as wild-type F1C1
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and compared that with wild-type F1C1. The virulence results
were analyzed by Kaplan-Meier survival statistic [57] and no
significant variation (p-value > 0.05) in the virulence patterns
due to comA mutant and wild-type F1C1 could be found
(Fig. 4). In control seedlings, no death of seedlings was
observed. Virulence experiment was repeated in triplicates.
Our findings suggested that CBRS01 is virulence proficient
on tomato seedlings.

3.5 | A F1C1 comA mutant is proficient in
cellulase secretion

R. solanacearum secretes cellulose enzyme through type II
protein secretion system (T2SS) [58]. As comA and T2SS
are part of the bacterial inner membrane, extracellular

cellulase activity in CBRS01 was tested. Cellulase assay
on CMC-Agar plate for CBRS01 and wild-type F1C1
was performed as described in Materials and Method
section. Cellulase assay indicated no apparent distinction
between the CBRS01 and the wild-type F1C1. Both, that is,
CBRS01 and wild-type F1C1 produced characteristic clear
zones (Fig. 4) on CMC-agar plates. Since secretion and
activity of cellulase enzyme on CMC-agar plate remains
un-affected, it can be said that comA mutation does not
impair cellulase secretion machinery that is also located
in the inner membrane. This is the first study
correlating comA with cellulase secretion phenomenon in
R. solanacearum.

3.6 | comA expression is not variable in
different growth conditions

For natural transformation study in R. solanacearum, the
bacterium is made competent by growing it in the minimal
medium [34]. No study with respect to comA expression
during the growth of R. solanacearum in minimal medium
and BG medium has been made yet. In CBRS01 the comA
disruption was accomplished by insertion of a pCZ367 vector
construct (containing promotorless lacZ gene adjacent to a
∼1.5 kb internal fragment of comA gene) [45]. This construct
permitted expression study of lacZ gene under comA
promoter in CBRS01 with simultaneous inactivation of
comA. β-galactosidase expression study of CBRS01 was
performed in three medium conditions: BG, Minimal
Medium (MM) and Soil Extract (SE) (Materials and
Methods) following Miller [51]. ONPG assay indicated
low expression levels of β-galactosidase under comA
promoter in all the three media. The expression calculated
in terms of “Miller units” were also similar in all the three
media (Fig. 5). lacZ expression was studied in liquid medium
conditions, but its expression pattern in the solid medium is
not known.

FIGURE 3 Kaplan-Meier survival probability curve for virulence assay
with CBRS01 and wild-type F1C1 on tomato-seedlings. Survival
estimates, S(t), were calculated from the data obtained after virulence
assay was performed on tomato seedlings by leaf-clip inoculation with
CBRS01 and wild-type F1C1. Virulence assay indicated no significant
difference (p-value > 0.05; calculated using log-rank test) amid the
pathogenesis due to both, that is, CBRS01 and wild-type F1C1. Curve has
been plotted in OriginPro8 software

FIGURE 4 comA mutant is proficient for extracellular cellulase secretion. Cellulase assay on CMC-agar plates. (A) CBSR01 showing white-halo in the
center of CMC-agar plate added with congo-red indicating no loss of cellulase secretory function due to comA mutation. (B) Wild-type F1C1 with typical
cellulase activity producing white-halo at the centre of plate
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4 | DISCUSSION

Association of natural transformation event with Tfp
mediated twitching motility in many bacteria is appealing.
Therefore, finding the appropriate connection between
twitching motility phenomenon and DNA uptake process
in bacteria, exhibiting both would be an important theme for
investigation. In this regard, a recent study in T. thermophilus,
a Gram-negative bacterium from phylum Deinococcus-
Thermus, has revealed a connection between comEC
(ortholog of comA) and Tfp mediated twitching motility [42],
where the comECmutants are shown to be twitching motility
deficient and were eventually naturally incompetent. In N.
gonorrhoeae, a β-Proteobacterium belonging to the same
family as R. solanacearum, probable role of transformation
impairment due to mutated comA, on pilin variation (via gene
conversion) has been reported although no direct correlation
with twitching motility has been shown [19]. However,
retention of twitching motility in comA mutant R. solana-
cearum (CBRS01) observed in this study, demonstrates no
significant role of ComA protein in the twitching motility of
R. solanacearum. Findings of this study clearly indicate that
comA mutation which halted transformation in R. solana-
cearum is not by perturbing twitching motility but probably
by the mechanism which has been well defined in other
naturally transformable bacterial members [54].

In addition to above, no observable affect on cellulase
secretion machinery and virulence of F1C1 could be noticed
due to mutation in comA. To know whether other inner
membrane located components (apart from Tfp and T2SS
machinery) may be affected would require further explora-
tions. Earlier, the role of competence genes during virulence
has been elucidated for few naturally competent bacteria such

as Listeria monocytogenes [59], Streptococcus pneumo-
nia [60], and so on. For R. solanacearum too, Bertolla
et al. [56] reported development of its competent state inside
tomato host plant during infection. Understanding patterns of
expression of other competence genes during host infection
process of R. solanacearum would reveal the molecular
mechanism of competence development of the bacterium
within the host. Apart from that role of other competence
genes during host infection as well as modulation of
pathogenesis processes, would be fascinating to delve into.
We anticipate that in near future, many more facts related to
the attribute of natural competence in R. solanacearum will
emerge. This would certainly pave our understandings
relating to adaptation and diversification processes in this
phytopathogen.
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