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ABSTRACT

The rhizosphere zone has been defined as the volume of soil directly influenced by the presence of living plant roots
or soil compartment influenced by the root. During the growing season of 2014, the rhizobacteria of 23 sugar beet
plants sampled from 12 sites in the west and north west of Iran were inventoried. Using a cultivation-dependent
approach, a total of 217 bacteria were isolated from the rhizosphere. The bacterial isolates were tentatively
grouped and documented based on polyacrylamide gel electrophoresis of whole-cell proteins and were found to
represent 43 different protein electrotypes. The majority of the fingerprint types were found only on a single
occasion. Fifty-nine percent of the strains belonged to the five bacterial species and identified as Stenotrophomonas
maltophilia, Pseudomonas fluorescens, Pseudomonas aeruginosa, Stenotrophomonas rhizophila and Serratia
marcescens. Minor occurring fingerprint types were identified as Flavobacterium spp, Erwinia spp, Acetobacter
spp, Agrobacterium spp, Enterobacter spp, Aeromonas spp and Bacillus spp.
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INTRODUCTION

The rhizosphere is defined as narrow zone of soil influenced by plant roots which is
inhabited by a unique population of microorganisms. In comparison to the root-free
soil, the rhizosphere forms a nutrient-rich niche for microorganisms as a result of
exudation of organic compounds (1). Additionally, this microenvironment is
described as microbial hot-spot where various interactions between organisms,
beneficial as well as pathogenic, take place (2). Bacteria are the most numerous
inhabitants of the rhizosphere, with population numbers typically ranging between
106-109 cfu g-1 of rhizosphere soil. The number of bacteria associated with plant
roots (per gram of soil) is 10- to 100- fold greater than the bacterial density
associated with bulk soil (3). Beneficial free-living rhizosphere bacteria are usually
referred as plant growth-promoting rhizobacteria (PGPR). PGPR are specific strains
of bacteria in the rhizosphere that enhance seed germination and plant growth (4).
Several attempts have been made to show the role of beneficial bacteria in increasing
the growth and yield of various crops such as rice (5), wheat (6) and sugar beet (7)
many others have been reported in the past. Naturally, rhizobacteria is among the
known useful microbes that directly (through secretion of various phytohormones) or
indirectly (by competitive inhibition of pathogens) assist plant growth (8). Native
bacteria isolated from a specific plant rhizosphere may contain highly efficient
genotypes to promote plant growth and perform this function better than exotic
strains (9). As can be expected, investigations of the native bacterial population, their
characterization and identification are essential for understanding the distribution
and diversity of indigenous bacteria (10). Therefore, standard culture techniques to
characterize microbial ecology involve isolation and characterization of
microorganisms using commercial growth media such as Luria—Bertani medium,
Nutrient Agar, and Tryptic Soy Agar (11). Consequently, studies based on the
characterization of culturable rhizosphere bacteria, have recommended that plants
can have specific effects on microbial communities (12). In addition, polyacrylamide
gel electrophoresis of bacterial proteins have been used as an efficient technique for
the classification of microorganisms, based on phenotypical characteristics expressed
by their protein profiles. Bacterial groupings based on electrophoretic profile
correlate very well with the results obtained by the DNA hybridization (13, 14).
There are indications that some rhizobacterial strains show strong host-plant
selectivity and colonize a single plant species or variety. Under these circumstances,
specific microorganisms are enriched from the surrounding environment as well,
e.g., attracted by root exudates containing carbohydrates, proteins, and vitamins (15).
As a result of these processes, each plant harbors to a certain degree specific
microbes (16, 17). This specificity was also revealed for the plant-associated
microbial at cultivar level, e.g. for rice (18). Thus, the objectives of this study are to:
1) isolate naturally occurring which colonize sugar beet rhizosphere, 2) use SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) for grouping the isolates, and 3)
identify major occurring bacteria on the basis of the biochemical tests as well as by
16S rRNA gene sequence analysis.

MATERIAL AND METHODS

Sampling

The samples were taken from a total of 7 regions (Malayer, Hamedan, Eslamabad-e
Gharb, Kermanshah, Mahidasht, Miandoab and Shahin Dezh). Convenience
sampling coupled with a plant health scale that was based on the physical appearance
of the plants was used in subsistence farming fields. Plants were ranked on three
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levels: 0= wilted/pale yellow leaves, 1= wilted/green leaves and 2= not wilted/green
leaves. Only those with a healthy appearance level 2 were selected. A systematic
sampling method, where samples were selected along a 30-50 m transect line at 10-
m intervals, was used to select plants from pristine areas. Samples were collected by
digging up a whole plant, with adherent soil into plastic bags, transported to the
laboratory within 12 h, then stored at 4°C. The isolation of rhizospheric bacteria was
performed a day after.

Isolation of Bacteria

For the isolation of rhizospheric bacteria, adhering soil was carefully brushed off
from the roots to remove excess soil. Hairy Roots were then shaken for 10 min a
mechanical gyratory shaker in 100 ml of sterile phosphate buffer (PB) containing:
peptone, 1.0g; K2HPO4, 1.21g; KH2PO4, 0.34 g, per liter. The bacteria were
isolated by serially diluting the rhizosphere soil and spreading 100ul of the diluted
sample onto nutrient agar (Difco Laboratories, Detroit, Mich.), containing 10%
Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) plus 2% agar
(TSBA). All the media plates were supplemented with benomyl 20ppm to avoid the
growth of fungi. The plates were then incubated at 30°C for growth of bacteria. From
each medium, one colony per colony type was isolated and purified on nutrient agar.
All the procedures were carried out under sterile conditions. The bacterial colonies
were isolated individually on nutrient agar plates and stored in slants for further
studies.

Isolation of Total Cell Protein

One loopful of 48 h grown fresh culture was inoculated into 50 ml KB broth and
incubated with shaking (180 rpm) for 48 h at 28+2 °C. The bacterial cells were
harvested in their logarithmic growth phase by centrifugation at 6000 rpm for 10
min. The harvested cells were washed twice in cold Tris-buffer (3.3 mM, pH 7.4),
lysed by suspending in lysis buffer (10mM Tris-HCI, pH 7.4, 0.75 M sucrose, 100
ug/ml lysozyme) and incubated on ice for 10 min and vortexed. The resulting cell
suspension was incubated for 30 min at 4 °C before centrifugation at 120000 rpm for
20 min. The supernatant was used as the total cell protein source for electrophoresis
(19).

Protein Analysis Through SDS-PAGE

SDS-PAGE analysis of the proteins was carried out in polyacrylamide slab gels
consisting of 4% stacking gel and 12% separating gel using the Hoefer mini-
electrophoresis system (Amersham Biosciences, Sweden).

Samples with an equal amount of protein (50 pg) were dissolved in sample buffer
and denatured by boiling for 4 min before loading onto the gel. From each sample,
30ul was loaded on a discontinuous polyacrylamide gel (12% acrylamide, 0.09%
SDS) similar to the one described by Laemmli (20). Electrophoresis was carried

out at a constant voltage of 65 V for approximately 2 h. Gels were stained overnight
in a solution containing 40% methanol (v/v) and 10% acetic acid (v/v) and 1%
Coomassie brilliant blue and destained in a solution containing 40% methanol (v/v)
and 10% acetic acid (v/v). Standardization of gel length was obtained by
photography. The reproducibility of the SDS-PAGE technique was estimated by
including duplicate runs of a single protein extract on separate gels. The photographs
of the protein patterns were compared visually.

Biochemical Tests and 16S rRNA Gene Amplification

One isolate of each fingerprint type was further characterized by Gram's reaction,
colony characteristics on nutrient agar, oxidase, OF-test and fluorescence on King's
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medium B. Gram-positive isolates were characterized by cell morphology and
motility. A series of biochemical tests were conducted to characterize

the isolated bacteria using the criteria of Bergey’s Manual of Systematic
Bacteriology (21). The 16S rRNA gene was amplified using fD1 (5'-
CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG-3") and rD1 (5
CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCC-3") primers (22). These
primers are designed to yield nearly full-length 16S rRNA gene from most bacteria.
Each vial contained 50 pl of reaction mixture containing 32.25 ul nano-pure water, 5
ul of 1X PCR buffer, 6 pl of 25 mM MgClI2, and 0.5 pl of 1U Taq polymerase, 1 ul
of 2 mM dNTPs, 2 ul of each primer (fD1, rD1, 10 pmol/ul) and 1 ul template DNA,
respectively. PCR conditions were as follows: Initial denaturation temperature at
94°C for 2 min and 30 cycles, including a denaturation step at 95°C for 1 min, an
annealing step at 61°C for 1 min, an extension step at 72°C for 2 min and a final
extension step at 72°C for 6 min. Finally, the PCR product was analyzed on 1%
agarose gel, stained with ethidium bromide, and visualized under UV illumination
and sequencing of the 16S rRNA gene was performed by Bioneer Company, South
Korea.

Phylogenetic Analysis

The obtained 16S rRNA gene sequences were compared with the submitted
sequences in the GenBank using Using the NCBI BLASTN. Sequences obtained
were blasted with the GenBank database (http://www.ncbi.nlm.nih.gov/) 16S
Ribosomal RNA Sequences (Bacteria and Archaea) for species assignment. The
phylogenetic tree and molecular analysis were carried out using the Molecular
Evolutionary Genetics Analysis (MEGAY) software. Using the NCBI BLASTn, we
were able to compare the gene sequences with others in the GenBank database.
Multiple sequence alignments were performed by ClustalX and phylogeny was
determined by the neighbor-joining method. The sequences submitted to the
GenBank and assigned the accession number.

RESULTS

Isolation of Bacteria and SDS-PAGE Grouping

A total of 217 bacteria were isolated from the rhizosphere of 23 sugar beet plants
samples in seven different regions in the west and north west of Iran (Fig 1, Table 1).
Only quantitatively important colony types were isolated. The isolates were
tentatively grouped and documented based on polyacrylamide gel electrophoresis

of total cell proteins. According to a definition provided by Lambert et al (1987), a
protein fingerprint type or protein electrotype is a set of similar protein profiles
obtained under standardized conditions (23). Thus, all electrotypes were numbered
and designated SBR. All electrotypes showed characteristic and reproducible
patterns. We were able to detect identical strains isolated from different plants of the
same or different regions.
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Figure 1- Map pf Iran showing sampling regions.
Table 1. Overview of sampling.
Locality of Sampling Varieties Number of  Number of Frequency of
collection code plants isolates electrotypes
analyzed
Kermanshah KE Muraille 2 35 21
Mahidasht MH1 Rusta 4 30 26
MH2
Eslamabad-e EG1 Rusta 4 27 17
Gharb EG2
Hamedan HA Ekbatan 2 38 28
Malayer MA1 Poma 5 40 29
MA2
MA3
Shahin Dezh SD Dorothea 2 20 8
Miandoab Mi1 Dorothea 4 27 16
MI2
Total: 7 12 5 23 217

Distribution and Identification of the Protein Fingerprint Types

The rhizosphere isolates obtained from sugar beet showed 43 different protein
electrotypes. The majority of electrotypes (38 of 43) were isolated on a single
occasion and grouped as minor fingerprint types (Table 2).

The gram-negative minor fingerprint types were identified as Flavobacterium spp,
Erwinia spp, Acetobacter spp, Agrobacterium spp, Enterobacter spp and Aeromonas
spp respectively. Only one genus of gram-positive bacteria was detected as Bacillus
sp which comprises six different fingerprint types (13% of fingerprint types). Five
fingerprint types designated SBR (SBR01, SBR05, SBR10, SBR13 and SBR 21)
were present in relatively large quantities during the sampling period (Table 3) (Fig
2). Together, they comprised 59% of the isolates (11% of the fingerprint types). Five
main representative electrotypes have been chosen for closer biochemical and
molecular studies (Table 4). Interestingly, the fingerprint type SBRO1 (31 isolates),
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identified as Stenotrophomonas maltophilia, was constantly recovered from all
plants. Fingerprint type SBR10 (27 isolates) was found on 19 roots from six
sampling regions and identified as Pseudomonas fluorescens. Fingerprint type
SBRO5 (25 isolates) was obtained from 18 roots from different sampling regions.
This fingerprint type was characterized as Stenotrophomonas rhizophila. Fingerprint
type SBR21 was found on 16 roots (23 isolates) from different sampling regions and
was characterized as Pseudomonas aeruginosa. The last major fingerprint type
(SBR13) was characterized as Serratia marcescens and was found on 14 roots. The
remaining electrotypes were found on more than one plant and only 5 of them on 14
to 23 plants. Biochemical and molecular analysis of the representative isolates are
listed in table 4. PCR amplification of 16S rRNA gene yielded DNA fragments of
single bands at 1,500 base pairs for each representative strains (Fig 3). To detect any
phylogenetic relationship with representative strains, the 16S rRNA gene sequences
of the isolated bacterial strains were determined and compared with the available
16S rRNA gene sequences. The 16S rRNA gene sequences of representative strains
showed high homology with those strains (98 — 100%) (Fig 4). The 16S rRNA gene
sequences have been deposited in the GenBank database and assigned accession
numbers KX018308- KX018312.

SBR21

[ - -&“\
— .

ive protein electrotypes of the five major fingerprint types.

1500

electrophoresis of PCR-products of representative strains with primers rD1 and fD1. M: 1
; (2) SBRO5; (3) SBR10; (4) SBR13; (5) SBR21 and (6) negative control.
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Figure 4- Phylogenetic analysis of SBR01, SBR05, SBR10, SBR13, SBR21 and related species by the Neighbor
Joining method based on 16S rRNA gene sequences. The GenBank accession humber for each microorganism used
in the analysis is shown in parentheses after the species hame. Bootstrap values (expressed as percentage of 100
replicons) are shown at the nodes.

Table 2. SDS-PAGE fingerprint types and number of isolates in the rhizosphere of sugar beet.

Identification Fingerprint Number of isolates
types?

Major fingerprint types

Stenotrophomonas maltophilia SBRO1 31

Pseudomonas fluorescens SBR10 27
Stenotrophomonas rhizophila SBR05 25

Pseudomonas aeruginosa SBR21 23

Serratia marcescens SBR13 22
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Minor fingerprint types
Gram-negative
Flavobacterium spp 6 15
Erwinia spp 7 15
Acetobacter spp 5 14
Agrobacterium spp 5 12
Enterobacter spp 4 10
Aeromonas spp 5 9
Gram-positive
Bacillus spp 6 14
Total 43 217

®For the minor fingerprint types, the total number of different fingerprint types

is given.

Table 3. Relative frequency of the major fingerprint types according to the sampling regions.

Major Kermanshah

fingerprints

Mahidasht Eslamabad-

e Gharb

Hamedan

Malayer

Shahin
Dezh

Miandoab

SBRO1
SBRO05
SBR10

SBR21
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Table 4. Biochemical and molecular analysis of the major fingerprint types.

Biochemical SBRO1

tests

SBR05

SBR10

SBR13

SBR21

Gram reaction -
Motility +

Growth in at -
4°C

Growth in at +
37°C

Growth on -
7% NaCl

Production of -

fluorescent
pigment
Catalase +
Oxidase -
Urease -

Lecithinase +
Nitrate +
reduction

Methionine +

Braz. Arch

+ 4+ + 4+

nd

nd

. Biol. Technol. v.60: e17160374 Jan/Dec 2017

nd



Rhizosphere bacterial of the sugar beet

requirement

Indole - - - - +
production

Argenine - - + - +
dehydrolase

Citrate + + + + +
utilization

Starch - - + - +
hydrolysis

Gelatin + + + + +
hydrolysis

Casein + + - nd +
hydrolysis

Lipid nd nd + + -
hydrolysis
Acid from
Glucose + + + + +
Fructose - - + + +
Sucrose nd nd - + -
Xylose nd nd + - +
Mannose + + - + -
Sorbitol - - + + +
Growth on
Cellobiose + + - nd -
Lactose + + - + -
Trehalose + + - + -
Arginine - - + nd +

Molecular analysis

Identification  Stenotrophomonas  Stenotrophomonas  Pseudomonas  Serratia Pseudomonas
based on 16s Maltophilia Rhizophila Fluorescens Marcescens  Aeruginosa
rNA gene
sequencing

+, representing the positive reaction and —, shows the negative reaction. nd: not done. The experiment was repeated
twice for each representative isolate.

DISCUSSION
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The present study was designed to describe how to use electrophoretic protein
patterns to report the rhizosphere bacteria populations. In this investigation, the
rhizosphere bacteria were isolated from of the major sugar beet growing regions in
the west of Iran. In the rhizosphere, bacteria are the most abundant microorganisms.
Rhizobacteria are rhizosphere competent bacteria that aggressively colonize plant
roots; they are able to multiply and colonize all the ecological niches found on the
roots at all stages of plant growth, in the presence of a competing microflora (24).
Among the factors that determine the structure of microbial communities in the
rhizosphere, the plant plays a major role (25) by releasing organic compounds

to soil, a process called rhizodeposition or exudation (26). The effect of specific
compounds released by the plant root on the selection of the microbiota of the
rhizosphere was first demonstrated by Gunner et al (1966) (27). Specific bacterial
communities have been observed in the rhizosphere of field-grown strawberry
(Fragaria ananassa Duch.), oil-seed rape (Brassica napus L.), and potato (Solanum
tuberosum L.) (28). Our finding revealed that five species were found to be dominant
in the rhizosphere of sugar beet. It can, therefore, be assumed that these types of
bacteria are more adapted to sugar beet rhizospheres. These bacteria are probably
able to respond rapidly to the energy released by roots of sugar beet. It is possible to
hypothesize that these organisms are the resident of sugar beet roots in the west of
Iran because they can live and multiply in that specific ecosystem. Totally, a few
gram-positive isolates were found. The results of this study show that the majority of
the isolates were gram negative, which indicates their successful root-colonization
capacities. These results further support the idea that the rhizosphere of many plants
provides a favorable environment for gram-negative bacteria most of which are
motile. Under these circumstances, these gramnegative bacteria are stimulated by
rhizodeposition whereas gram-positive bacteria are inhibited (29). For studies on the
rhizosphere comprising hundreds of bacteria, it was decided that the best method to
adopt for this investigation was to use a sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) fingerprint technique to assess the rhizobacterial
populations of sugar beet. Electrophoretic separation of cellular proteins has been
used for classification, identification and typing of diverse bacterial taxa (30). As
cellular protein profiles provide second-level information for a cell, characterization
based on electrophoretic protein patterns of SDS-PAGE correlated closely with the
genotyping results that suggest that it could be an effective method for rapid
bacterial classification(31). By comparing the protein patterns of all isolates from
each plant, we could determine an average rhizobacterial composition of sugar beet.
Furthermore, SDS - PAGE could be an inexpensive and fast procedure allowing the
rational use of microorganism collections.

Two of the major fingerprint types SBRO7 and SBS15 were identified as S.
maltophilia and S. rhizophila.

These two species are typical plant-associated microorganisms. Their main reservoir
is the rhizosphere of plants (32, 33). Serratia sp. are associated with soil (34) and
also S. marcescens has been reported from the rhizosphere (35, 36). The results of
this investigation showed that two of the major occurring bacteria belonged to
Pseudomonas genus. A possible explanation for this might be attributed to the
diversity and the ecologically importance of this group of bacteria which is found in
huge numbers in all the major natural environments and also in associations with
plants. Obviously, this widespread distribution suggests a significant degree of
physiological and genetic adaptability (37). The results of this study seem to be
consistent with other research which found that P. fluorescens and Xanthomonas
maltophilia were the major bacteria in the rhizosphere of young sugar beet plants
(38). In this study, whole 16S rRNA gene sequencing has been used for identification
of representative strains isolated from rhizosphere. In most cases, sequencing

Braz. Arch. Biol. Technol. v.60: e17160374 Jan/Dec 2017



11
Rhizosphere bacterial of the sugar beet

the entire 1,500-bp region is necessary to distinguish between particular taxa or
strains (37). ldentifying and characterizing the rhizosphere bacteria of crops help to
enable the manipulation of the beneficial bacteria to improve crop yield, how this
might be applied to agriculture and improve the understanding of co-operative
activities among rhizosphere bacteria. Knowledge of the native bacterial population,
their characterization, and identification is fundamental for understanding the
distribution and diversity of indigenous bacteria in the rhizosphere of specific crops
(38). With increasing concern about the-chemical-fertilizers-based agricultural
practices, it is essential to investigate for region-specific microbial strains which can
be used as a growthpromoting inoculum to attain desired crop production (39). In
general, these native bacteria were adapted to the rhizosphere and are potentially
useful as plant growth promoting bacteria, thus broadening the spectrum of PGPR
available for field application. These study findings enhance our understanding of a
resident population of microorganisms in the rhizosphere of sugar beet roots and will
serve as a base for future studies.

CONCLUSIONS

Summarizing, this study has shown that PAGE provided an efficient screening of a
large number of isolates and provides a framework for the exploration of the general
picture of sugar beet rhizosphere microflora in the west and north west of Iran by
means of the frequently occurring fingerprint types (electrotype). In future
investigations, functional analyzes of these sugar beet rhizosphere-associated
bacteria should be conducted in order to clarify their ecological roles in a
rhizosphere.
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