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ABSTRACT

One hundred and eighty bacterial isolates were isolated from different soil samples
and different crown galls from some plants (grape, apple, peach) grown in Egyptian soil in
different area. Gram stains were applied on all isolates and the results showed that 120
isolates were Gram negative and 60 strains were Gram positive. The Gram negative isolates
were selected for pathogenicity tests and were used to infect some hosts (grape, tomato and
kalanchoe). The results showed that about 60 isolates cause infections of the above mentioned
plants, these isolates were subjected to grow on some selective media as aniline blue medium
and Congo red medium to detect curdlan producer isolates. The results obtained indicated
that seven isolates give positive reaction toward curdlan production, three isolates were
selected for production of curdlan after some chemical analysis and the most potent isolate
was selected for optimization and identification. The potent isolate have been identified by
morphological, biochemical and phylogenetic analyses.
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INTRODUCTION

Microbial polysaccharides have many practical applications in various industries as
food, pharmaceutical, medical technology and cosmetics. In the last two decade there has
been an expanding interest in polysaccharides produced extracellularly by microorganisms,
many new researches have been focused on the use of microbial polysaccharides (including
curdlan), in food, pharmaceutical, and medical industry (Moscovici et al., 2009).

Curdlan is the third microbial exopolysaccharide approved for use in the United States
by the FDA, which was approved in 1996 (USFDA, 1996). Curdlan is biodegradable, edible
and nontoxic toward humans and the environment; in addition to the application in food,
pharmaceutical industries, cosmetic industry, and numerous other applications, such as
antiviral and anticancer treatments (Mclntosh et al., 2005). Curdlan is produced by many
species of Agrobacterium, Rhizobium and Alcaligenes faecalis var. myxogenes (Nakanishi et
al., 1976).

Agrobacterium is one of the most attractive sources of polysaccharides and other
biologically active substances of high value and medicinally useful polysaccharides (Mellouli
et al., 2003). The genus Agrobacterium belongs to the family Rhizobiaceae (Jordan, 1984).
These bacteria are Gram-negative and grow aerobically, without forming endospores. The
cells are rod-shaped and motile, having one to six peritrichous flagella. Cells are 0.6-1.0 um
by 1.5- 3.0 um and may exist singly or in pairs. In culture on carbohydrate-containing media,
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cells produce large amounts of extracellular polysaccharides, giving colonies a voluminous,
slimy appearance (Moore et al., 1988).

A comprehensive screening of the occurrence of microbial curdlan-like
polysaccharides based on the formation of blue-staining colonies on agar medium containing
the B (1—3)-D-glucan specific dye, aniline blue, was made by (Nakanishi et al., 1976).
Agrobacterium can be isolated from tumors, vascular fluids, soil, water, and below-ground
surfaces of symptomless plants (Moore et al., 1988). Colonies of microorganisms capable of
forming curdlan — type polysaccharide in glucose medium were found to stain blue with
Aniline blue, trypan blue or Brilliant blue and red with Congo red. Staining with aniline blue
was highly specific for colonies forming curdlan—type polysaccharide (Nakanishi et al.,
1974).

DNA-based methods such as DNA:DNA hybridization (Ley, et al., 1973). Sequence
analysis of 16S rDNA and 23S rDNA (Willems, and Collins, 1993) is a good tool in
taxonomy of Agrobacterium, so the proper identification should be used by traditional
identification in combination with molecular methods. The molecular genetics of curdlan
production have been studied extensively in Agrobacterium sp. (Stasinopoulos, et al., 2001).

Over 100 tons of Curdlan are produced annually even though curdlan is relatively
expensive in comparison to other food gums (Chaplin, 2003). So that now, it is an urgent
need in Egypt to isolate new microbial curdlan-like polysaccharides and develop production
fermentation technology for the production of this type of polysaccharide.

The aim of our study was undertaken to isolate new Agrobacterium strains produced
curdlan-like polysaccharides, from different locations in Egypt. The isolated strains were
identified using different techniques and their potential for curdlan production was
determined.

MATERIALS AND METHODS:
Sampling procedure:
Isolation of Agrobacterium from the farming soil samples.

Ten farming soil samples were collected in clean plastic bags at depth 15-20 cm from
different localities in Egypt (Alexandria, EL-Sharkia, Qualiubia, Cairo and Giza). The
collected soil samples were air dried and pre-treated in various ways to increase their contents
of numbers and/or proportion of Agrobacterium before the isolation processes according to
Tsao et al (1960). The samples were collected from the rhizosphere of some plants (Apple,
Bean, Grapes, peach and ficus).

Isolation and enumeration of Agrobacterium were performed by soil dilution plate
technique using either nutrient agar or Roy-Sasser medium. One gram of dried soil was taken
in 9 ml of distilled water, shaking it WeII then allowed to stand for 10 min, serial dilutions
were carrred out for each sample from 10™ to 10 Only 0.1 ml of different aqueous dilutions
(103, 10®° and 107) was transferred to RS medium in Petri dishes and spread by a glass
spreader under aseptic conditions and then incubated for 4 to 5 days at 28-30°C. Selected
colonies (mucoid, rough, chalky) of Agrobacterium were transferred separately from the
plates onto another respective agar plates and incubated at 28°C for 5 days. Plates containing
pure cultures were stored until further examinations (Oskay et al., 2004).

Isolation of Agrobacterium from tumor and crown gall samples:

Twenty tumor and crown gall tissue were collected in a sterilize container from
different dicot plants apple, grapes, peach and ficus, after collection samples were
immediately transferred to the laboratory for necessary action and special cares were taken to
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avoid contamination. After cleaning the collected samples, the galls were sterilized with
(10%) household bleach (Savlon) for 2-3 min according to the nature of the galls. After
washing three more time with double-distilled water (DDW), galls were finely chopped and
immersed in DDW and incubated overnight at room temp (27-30°C). Treated tissues were
dried on absorbent paper toweling before being placed on agar to reduce the amount of
bacterial contamination (Nelson et al., 1983). Representative colony were selected from each
gall sample and purified by successive streaking (Soriful et al., 2010).

Roy- Sasser medium was used as a selective medium for Agrobacterium which
composed of (g/l): MgS0,4.7H,0, 0.2; K,HPQO,4, 0.9; KH,PO,4, 0.7; Adonitol, 4.0; Yeast
extract, 1.4; NaCl, 0.2; boric acid, 1.0; Agar, 20.0. The pH was adjusted to 7.2 before
sterilization. After cooling to 50°C 1 ml of the following sterilized solution was added under
aseptic condition to each Petri dish. The solution consists of the following ingredients:
(Triphenyltetrazolium chloride 80 mg/l or D- cycloserine 20 mg/l or Trimethoprim 20 mg/l)
(Roy and Sasser, 1983).

Screening of curdlan- like polysaccharide with aniline blue and Congo red.

Colonies of microorganisms capable of forming curdlan- type polysaccharide in
glucose medium were found to stain blue with aniline blue, brilliant blue, or trypan blue and
red with Congo red. Staining with aniline blue was high specific for colonies forming
curdlan- type polysaccharide (Nakanishi et al., | 976).

AB (Aniline blue) medium was used as a selective medium for curdlan- like
polysaccharide and used to detect colonies forming curdlan because aniline blue combines
specifically with curdlan. AB medium composed of (g/l): ) Glucose 10; yeast extract, 5;
aniline blue, 0.05; agar, 20; pH 7.2, and, CaCO3 3.0, was added to neutralize the medium
during incubation, because a pH range of 5 to 7 is required for agequate staining with aniline
blue (Nakanishi et al., 1 974).

Identification of active Agrobacterium isolate.
Conventional identification:
Morphological and cultural characteristics:

Agrobacterium colonies were characterized morphologically and physiologically
according to Bergey’s manual of determinative bacteriology (Moore, et al., 1988). Cultural
characteristics of pure isolates in various media were recorded. Morphological observations
were made with light microscope, phytopathogenic properties; biochemical features to
differentiate the biovar were studied (Holmes, 1988).

Physiological and biochemical characteristics:

Identification of Agrobacterium isolates based on physiological characteristics such as
aniline blue test, Congo red test, growth in glucose peptone agar, reaction of litmus milk,
growth on potato dextrose agar (PDA), 3-ketolactose test, and sodium chloride tolerance test
(Murugesan et al., 2010) was carried out and then confirmed by the pathogenicity test i.e.,
crown gall or hairy root formation (Murugesan et al., 2010). Pathogencity tests were done
using hosts as, tomato, kalanchoe and grape (Chen et al., 1999, Aysan et al., 2003). The
ability of presumptive Agrobacterium to cause crown gall was examined by stem prick
inoculation of 6-week-old tomato and kelncho, 15-cm-high weeping grape and fig plants kept
in a growth chamber at 28°C. Tumor formation was assessed 6 to 8 weeks after inoculation.
Hou et al., (1996) reported that, biolog GN microstation is very useful in identification of
Agrobacterium.

Phylogenetic identification:
Chromosomal DNA isolation:

Isolated Agrobacterium sp NRC-6 was inoculated in 50 ml of the LB (Luria-Bertani)
broth medium and inocubated at 28°C with agitation speed 200 rpm overnight. Chromosomal
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DNA for PCR applications was isolated from Agrobacterium using Axyprep bacterial
genomic DNA extraction kit from AxyGEN Biosciences according to the manufacturer's
instructions. The concentration of a solution DNA can be determined by measuring the
absorbance of at O.D 260 using a spectrophotometer where 1.0 is equivalent to a
concentration of 50 pg/ml, Oligonucleotides were ordered commercially from Sigma
Company.

PCR amplification and detection of DNA.

Amplification using Agrobacterium- specific (PCR) primers were performed on BioRad
PCR thermal cycle, to amplify the 16SrRNA gene from Agrobacterium sp a set of nucleotide
sequences of the PCR primers were chosen from the DNA sequence of the Agrobacterium sp
EHA105 accession number: EU835736 taken from the website of the national center of
biotechnology information (NCBI). The primers are
F1L.5'ATGTATTTCAGTGCTGAAGGTGACG3'andF2:5TCACCCGAATGCCCGTGCG 3.

DNA manipulation and analysis

Electrophoresis of the PCR product was carried out on 1% agarose gel to ensure that a
fragment of the correct size had been amplified. DNA was routinely mixed with gel loading
buffer and run on 1% (w/v) agarose gel as appropriate, using 1x Tris borate buffer (T.B) as
the running buffer (Sambrook et al., 1989). The electrophoresis was carried out at 80 volt in
the small gel tank. The DNA in the gel was visualized by staining with ethidium bromide and
detected by gel documentation system (Alpha- imager 2200, CA, USA), under U.V light. The
molecular weight markers; 100 bp, 1 kb (Biosciences) were used to estimate the size of the
DNA fragments. All enzymes used in DNA manipulations were supplied by Promega
company and were used according to the manufacturer's instructions. The PCR products were
purified using gene clean kit (AXyGEN Biosciences) and outsourced for sequencing to the
gene analysis unite by lab technology company.

Phylogenetic analysis of the PCR products:

Nucleotide sequences were compared with those maintained in the gene bank database
through NCBI Blast program (Altschul et al., 1990). For Phylogenetic analysis, sequences
were aligned with those of reference strains with the program BioEdit version 7.0 ( Hall,
1999). The phylogenetic tree was derived from the distance matrices using neighbor — joining
method (Saitou and Nei, 1987).

Culture condition for curdlan production.

The seed cells of each Agrobacterium isolate were cultivated on nutrient broth
(Difco,USA) at 30°C for 12 h. Ten milliliters of seed culture was inoculated into 1 L of
mineral salt medium (MSM; g per L; 1.74, KH,POy,, 0.015,CaCl,-2H,0, 0.49, K,HPQ,, 0.01,
MnCl,.4H,0, 3.7, Na,;S0,.10H,0, 0.21, citrate, 0.25, MgCl,.6H,0, 1.5, NH,Cl , 0.024,
FeCl3.6H,0. that was supplemented with 3% sucrose as a carbon source to induce curdlan
production and cultured at 30°C for 4 day with shaking at 200 rpm.

Extraction of curdlan from cultural media:

Extraction and isolation of curdlan was carried out adding one volume of culture media
with two volumes of NaOH (1N). The mixture was kept for 1h at room temperature. To
remove degraded bacterial cells the mixture was centrifuged at 4000 rpm. The supernatant
was neutralized with HCI (3N) to pH 5-7: After keeping the mixture at 2-8°C for overnight,
the curdlan was obtained by centrifugation at 4000 rpm. The residue was washed with
distilled water several times to remove salts from residue and finally washed with acetone to
furnish dry product and stored at room temperature until further use (Lee et al., 1997).
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Determination method of curdlan:

Complete acid hydrolysis of samples was carried out according to the modified method
of (Fischer and Dorfel, 1955) as follows:

50 mg of the investigated material were carefully stirred with 0.5 ml of ice cold 80%
H,SO, to give a paste and was kept at room temperature for 15 hr. The paste was then diluted
with cold distilled water (up to 6.5 ml) until the strength of the sulphuric acid reached 2 N.
The solution was further hydrolyzed in a sealed tube in a boiling water bath for 6 hr. After
cooling, the hydrolyzed was neutralized by addition of the calculated amount of BaCOs. The
precipitate was filtered and thoroughly washed with water. The filtrate and washing were
passed through a column of cation exchange resin, Amberlit IR120 (H"). The resulted solution
was concentrated and then subjected to qualitative and quantitative paper chromatography as
follows:

Chromatographic examination of the hydrolysis products:

This was performed by paper chromatographic technique of the hydrolysate on
Whatman No. | filter paper using the solvent system: n-butnol-acetone-water (4:5:1, v/v)
(Jayme and Knolle, 1956). For a comparison, authentic samples of glucose, galactose,
arabinose and xylose were co-chromatographed as reference substances. Detection of spots
was achieved by spraying with an aniline-phthalate reagent (Partridge, 1949).

RESULTS AND DISCUSSION

This study was undertaken with an aim of high lighting on selecting strains curdlan- like
polysaccharide producer.

Sampling procedure:

One hundred and eighty bacterial isolates were isolated from 20 tumor and crown gall
samples (Apple, grapevine and ficus) and 10 soil samples collected from different area in
Egypt table (1).

Table (1): Location of the collected samples
Noof | Gram
No. Origin of samples isolate | stain chasrgrcqgl?stic
1 Giza ((alauad, kardasa) 25 1; +Y5e Cu;ggfgeéjafsll’
15 S tve (cultivate soil)
2 Egypt (Ezbet EI_Nakhal) 10 —ve (Apple, ficus
tumors)
45 15 +ve (cultivate soil)
3 Alexandria (nobaria) 30 -ve (Apple, ficus,
peach tumors) )
35 18+ve ; i
4 Qualiubia (Benha) 17 —ve nggggﬁl:gl
. . 35 4 +ve cultivated soil
5 EL-Sharkia (Zakazig) 31 _ve 1£i cus, grape gal)l
25 11 +ve cultivated soil
6 EL- Mansoura (Dekarns) 14 —ve aEppIE, grape gal)l
180 60 +ve
Total 120 —ve
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Agrobacterium grow readily in culture on complex or defined media and nutrient agar
(with or without yeast extract which support the growth of most strains. Only one type of
colony was detected in plates. On RS medium, colonies of Agrobacterium have dark red
centers with white edges. In RS medium triphenyltetrazolium chloride was used as a primary
indicator for Agrobacterium isolation (Roy and Sasser, 1983).

The isolated colonies are generally white or slightly cream, and have a watery
appearance. These results were in agreement of Moore et al., (1988), who found that the
colonies of Agrobacterium are generally white or slightly cream or pale pink in color, no
distinctive pigment is produced and large amounts of extracellular polysaccharide may be
produced on some media giving the colonies a watery appearance figure (1).

(A) (B)

Fig. (1): (A) Pure culture of isolated Agrobacterium on PDA medium.
, (B): Pure colony of isolated Agrobacterium on RS medium.

Gram stains were performed on all strains and the results showed that 120 strains were
Gram negative and 60 strains were Gram positive. The Gram negative isolates were selected
for pathogenicity tests according to the methods described by (Aysan et al., 2003).

About 60 strains exhibited tumor galls formation after 3 weeks approximately while the
other bacterial isolates failed to form galls. From these results, the selected colonies which
have ability to infect plants and produce galls figure (2), this main that these bacteria found to
belong to Agrobacterium. Agrobacterium usually are found in soil in association with roots,
tubers, or underground stems. The bacteria also cause tumors from which they can be
isolated. Tumors may be prevalent on grafted plants at the graft junction; examples include
grapes, roses, poplars, and fruit trees. In some cases, the bacteria can be isolated from the
xylem of infected plants. Thus it is often possible to isolate A. vitis from the xylem of infected
grapevines (Bouzar and Moore 1987). The isolation of Agrobacterium and Conventional
disease diagnosis based on cultivation on selective or non selective media (Moore et al.,
1988) followed by inoculation of the colonies obtained in herbaceous hosts such as tomato or
tobacco (Moore et al., 1988; Lopez 1991).
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(A) kalanchoe plant (B) grape plant
Fig (2): Inoculated Agrobacterium exhibite tumor galls formation after 3 weeks
approximately

Screening of curdlan- like polysaccharide with aniline blue and Congo red.

Among 60 isolates which were selected from pathogenicity tests, seven isolates give
positive reaction blue with aniline blue media, red with congo red media and no positive
reaction was detected in other isolates as shown in the following fig (3). Harada et al., (1966),
found that aniline blue is much more suitable than congo red or other dyes for detecting curdlan
— type polysaccharide in colonies, since it specifically stains beta (1,3) glucans, such as curdlan
— type polysaccharide. Nakanishi et al., (1974), showed that staining with aniline blue is
specific for beta ( 1-3) glucans including curdlan — type polysaccharide, while trypan blue,
brilliant blue or Congo red stain many kinds of polysaccharides, colonies forming curdlan —
type polysaccharide were found to stain clearly with all dyes, also found that the rate of
interaction of polymer with dye was proportional to the concentration, degree of polymerization
and gel- forming ability of curdlan- like polysaccharide.

Fig (3): (A) Isolated Agrobacterium on AB medium, (B) Isolated Agrobacterium on congo
red medium.

Chromatographic examination of curdlan production.

Seven isolates which give positive reaction selected for curdlan production and
cultivated on MSM medium supplemented with 3% sucrose as a carbon source to induce
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curdlan production at 30°C for four days with shaking at 200 rpm then curdlan extraction
process was carried out.

Among seven isolates three isolate give glucose unit, chemical analysis of curdlan
product was carry out, The sugar composition of curdlan produced by isolates was examined
by descending paper chromatography after hydrolyzing with acid. The hydrolysate of glucan
produced by isolate (no.2R2, 6, Dy) gave one spot with an Rf value of similar to the value of
the glucose unit, figure (4). This implied that glucan isolate (No.2R2) is composed of glucose
only. The same result was obtained with the strains numbers (6, Dy)

Fig. (4): Chromatographic examination of isolated products from the tested isolates and
showed isolate no2 (2R2) produce curdlan.

One isolate was selected for curdlan production after some chemical analysis and selected
for optimization and identification.
Identification of the most potent isolate NRC- 6, producing curdlan polysaccharide.
A)- Conventional identification
Morphological and cultural characteristics:

Of many soil and crown gall samples screened, we found the selected isolated
bacteria are Gram-negative and grow aerobically, without forming endospores. The cells are
rod-shaped and motile. In culture on carbohydrate-containing media, cells produce large
amounts of extracellular polysaccharides giving colonies creamy, mucoid a voluminous, have
a slimy appearance. This result compared with identification of Agrobacterium in laboratory
guide for identification of plant pathogenic bacteria (Moore et al., 1988).

Physiological and biochemical characteristics.

We found the selected isolated bacteria give positive reaction blue with aniline blue, red
with Congo red, staining with aniline blue and Congo red was highly specific for colonies
forming curdlan-type polysaccharide (Nakanishi et al., 1974). Also the selected isolated
bacteria give positive reaction with Growth in glucose peptone agar, growth on potato
dextrose agar (PDA).Also the selected isolated bacteria identified by Biolog GN microstation,
Fourty-four of the ninety-six wells of a Biolog GN microplate yielded positive results: D-
raffinose, D-glucose, D- sorbitol, Pectin, a-D-Lactose, D-Mannose, D-Mannitol, D-
Galacturonic acid, D-Maltose, D-Melibiose D-Fructos, D-Arabitol, L-Alanine, D-Trehalose,
R-Methyl-D-Glucoside, D-Galactos, myo-Inositol, D-Gluconic acid, D-Cellobios, D-Salicin,
Glycerol, D-Glucuronic acid, Gentiobiose, N-Acetyl-D-Glucosamine, D-Fucose, L-Histidine,
Propionic acid, Sucrose, L-Fucose, D-Fructose 6-PO4, L-Glutamic acid, D-Malic acid, D-
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Turanose, L-Rhamnose, L-Pyroglutamic acid, L-Malic acid, acetic acid, Stachyos, Formic
acid, 1% NaCl, pH 6, Troleandomycin, Vancomycin, and Tetrazolium Blue. By comparison
to known strains, the Biolog GN microstation identified isolate NRC- 6 as belonging to the
genus Agrobacterium, and having a similarity to the closest species, A. rhizogenes and A.
radiobacter. Similar results obtained by Hou et al., (1996), in identification of
Agrobacterium DS3 NRRL B-14297. by Biolog GN microstation. Identification confirmed by
the pathogenicity test which exhibit ability of the isolate to infect plants and produce crown
galls.

B)- Phylogenetic identification.

Woese (1987) reported that, 16S rRNA gene sequences has been demonstrated to be a
powerful method for investigating phylogeny of microorganisms. Also Kim et al., (2004)
reported that 16S rRNA is a powerful tool for phylogenetic analysis and species
differentiation (differentiating unknown isolates at the species or strain level), and can be used
as a genetic method in parallel to conventional taxonomic methods, including numerical,
phenetic and other genetic analyses. Thus in our study phylogenetic analysis based on 16S
rRNA gene sequence of Agrobacterium isolates were partially sequenced.

Amplification of the 16S rDNA gene:

The 16S rDNA gene of the isolate NRC- 6 was amplified by Agrobacterium- specific
(PCR) primers F1 (forward):5'atgtatttcagtgctgaaggtgacg3' and F2(reveres):
5TCACCCGAATGCCCGTGCG 3'. The product of the PCR was analyzed on 1.5% ethidium
bromide gel and showed a band at 1300 bp Fig. (5) The sequencing product of the isolate
NRC- 6 was determined as 1098 bp.

The alignment of the nucleotide sequences (1098 bp) of Agro.sp. NRC- 6 in through
matching with the 16S rRNA reported genes sequences in the gene bank database through
NCBI Blast available at the ncbi-nlm-nih.gov Web site and compared with sequence of the
reference species of Agrobacterium contained in genomic database banks. The high level of
sequence similarity of the isolate Agro.sp. NRC- 6 was to Agrobacterium rhizogenes NGT471
accession number: AB289616.1 which has similarity (96%).

M 6

1300 bp

Fig. (5): PCR product of 16S rDNA gene for the isolate NRC- 6; where (M) is the 100 bp
DNA ladder (marker).
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Fig. (6): Phylogenetic analysis neighbor-joining tree, represent the position of Agrobacterium
species NRC-6 similar with known sequence in the gene bank database.

In conclusion, the results obtained from phylogenetic analysis, the morphological, and
physiological characters of Agrobacterium species NRC-6 was found to match the character
of Agrobacterium rhizogenes and for this, it was given a varity of this species and was named
Agrobacterium rhizogenes - NRC-6.
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