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Abstract: Agrobacterium strains were isolated from five different leguminous plants viz., Pisum sativum,
Sesbania rostrata, Vigna mungo, V. radita and V. ungiculata. The isolated bacteria was characterized and
identified as Agrobacterium rhizogenes based on their morphological, biochemical, cultural and pathogenicity
tests. Antibiogram and protein profile of isolates were also studied by disc diffusion and SDS-PAGE methods
respectively, these studies showed lot of variations in sensitivity pattern of different A. rhizogenes to different
antibiotics and electrophorogram of proteins.
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INTRODUCTION morphological, physiological, eco-biological and

Agrobacterium has long been recognized as closely convenient method of determining the evolutionary
related to Rhizobium and amalgamation of these two relatedness between organisms is based on comparing the
genera has often been suggested [1]. Bacteria within the protein, plasmid and fatty acid profile in addition to DNA
genera Agrobacterium and Rhizobium have the unique sequencing (16S rDNA sequence Analyses) [3]. The
capacity to include such phenomenon as prolific root present study deals with the isolation and characterization
formation. In addition to their obvious agricultural of agrobacteria based on their morphological, biochemical
importance, these bacteria have become very useful tools and molecular properties from various leguminous plants
in attempts to understand better the underlying and compare the strain variations.
mechanisms of plant morphogenesis, phytopathogenicity
and host parasite relationships [2]. Pathogenic strains of MATERIALS AND METHODS
Agrobacterium have been share a common feature they
contain at least one large plasmid (the tumour or root Sample Collection: The legume plant such as Pisum
inducing Fi and ei respectively) plasmid. Virulence is sativum, Sesbania rostrata (root and stem), Vigna
determined by different regions of the plasmid including radiata, V. mungo and V. ungiculata were collected along
the transferred DNA (T-DNA) and the virulence gene. with root nodules from Tamil Nadu Agricultural
However there was no correlation between this University (TNAU), Coimbatore, Tamilnadu.
nomenclature based on pathogenicity characters and the
taxonomic structure based on phenotypical and Isolation of Agrobacterium: The nodules were detached
genotypical traits of the genus.

At present the classification scheme for bacteria is
based not only on evolution, but also on convenience,
consisting of readily determined characteristics such as

biochemical nature of the organism. The most recent and

carefully and sterilized thoroughly as per the standard
procedure of Sharma et al. [4]. The nodules were kept
immersed in 0.1% acidified mercuric chloride solution for
5 min. and washed repeatedly with sterile distilled water.
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Then they were immersed in 70% ethyl alcohol. This incubated at 37°C for 48 h in an inverted position. After
treatment was followed by repeated washing with sterile incubation period, the plates were examined for the
distilled water. These sterilized root nodules were crushed inhibition surrounding the disc. The diameter of each zone
simply with pestle and mortar and extracted with sterile of clearance was measured and compared with standard.
distilled water. Agrobacterium isolates were isolated by
using serial dilution and pour plate techniques. The root SDS-PAGE: Analysis of agrobacterial protein separation
nodule extract was serially diluted up to 10  with sterile was carried out by SDS-PAGE according to the method of9

distilled water and 1 ml of diluted sample was inoculated Laemmli [11]. It is reproducible and rapid method for
into sterile Petri plates and poured with the sterilized quantifying, comparing and characterizing the proteins.
YEMA medium [5], plates were incubated at 28°C for 2 to This method separates protein based primarily on their
3 days. This medium allowed both Agrobacterium and molecular weight. SDS-binds to hydrophobic portion of a
Rhizobium to grow and develop into colonies. After protein, disrupting its folded structure and it was allowed
incubation, the bacterial colonies were purified by streak to exist stably in solution in an extended confirmation.
plate technique on D1 medium. Pure agrobacterial cultures The length of the SDS protein complex is proportional to
were maintained in both Agrobacterium mannitol medium its molecular weight. Cross-linked polyacrylamide gels are
[g/l: tryptone 5; mannitol 5; yeast extract 2.5; L-glutamic formed  from   the   polymerization  of  acrylamide
acid 1; KH PO .25; NaCl 0.1; MgSO .7H O 0.1; biotin 10 µl monomer in the presence of N`-N`-methylene2 4 4 2

(0.1 mg/ml stock); pH 7.0; agar 15] and Agrobacterium D bisacrylamide (bis acrylamide) used as a cross linked1

medium (Sigma) [g/l: MS salts 4.3; glucose 3; B5 vitamins agent. Polymerization of acrylamide is promoted by the
(1X); zeatin 1mg/l; pH 5.8; agar 0.8]. addition of ammonium persulphate. The pore size of the

Characterization      of        Agrobacterium     Isolates: concentration of acrylamide in the solution. The solution
The  Agrobacterium  isolates  was  characterized based
on the cultural, biochemical and physiological
characteristics  such as Congo red test [6], Hofer’s
alkaline  broth  test  [7].  Growth  in   glucose  peptone
agar  [8],  reaction  of  litmus  milk  [5],   staining  of poly

-hydroxybutyrate  (PHB)  [9]  and Agrobacterium
specific tests such as growth on potato dextrose agar
(PDA), 3-ketolactose test, sodium chloride tolerance test,
growth and pigmentation in ferric ammonium citrate broth
test and citrate utilization test were also carried out. Also,
all the Agrobacterium isolates was confirmed by the
pathogenicity test i.e., hairy root formation.

Antibiogram: The antimicrobial susceptibility pattern of
the Agrobacterium spp. was carried out by disc diffusion
method  [10].  A  sterile cotton swab was taken and
dipped in the broth containing 48 h old agrobacterial
culture. The entire agar surface of each plate was
inoculated first in a horizontal direction and then in
vertical direction to ensure the even distribution of the
organisms  over  the  agar  surface  using   the  swab.
Then the  agar  surface was allowed to dry for 5 min.
Paper discs impregnated with different antibiotics
(commercially available) at different concentrations were
placed over agar media with agrobacterial culture,
equidistantly (4 discs/plate) and pressed gently with the
help of sterile forceps. The same procedure was repeated
for all the antibiotics tested. Then the plates were

gel is determined by increasing and decreasing the

was layered on the top of the separating gel after
introducing a comb and allowed the get to set. The comb
was then removed without distorting the shapes of the
wells. The gel was installed in the electrophoretic
apparatus carefully. The sample extract (25-50 µl) was
injected into the wells. The electrode buffer was filled in
tank and trapped air bubbles at the bottom of the gel were
removed. The gel was run initially at 15 mA until the
tracking dye travelled through the stacking gel. Then the
current was increased to 30 mA until the tracking dye
(bromophenol blue) reached the bottom of the gel. The gel
was carefully removed and immersed in staining solution
(reagent G) and kept for overnight incubation. After that
the  gel  was  transferred  into  destaining solution
(reagent H) to visualize the protein bands.

RESULTS AND DISCUSSION

In the present study, totally 57 agrobacterial colonies
were isolated from the nodules of leguminous plants
namely Pisum sativum, Sesbania rostrata, Vigna mungo,
V. radiata and V. ungiculata. In YEMA medium, the
agrobacteria absorbed Congo red, but the rhizobia were
not and the colony morphology of agrobacteria was
similar to that of rhizobia. The isolates showed well
pronounced growth in glucose peptone agar and Hofer’s
alkaline broth at pH 11. Yellow colouration was found in
lactose agar with Benedict’s reagent. All these tests have
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already been conducted and reported by [12] the Agrobacterium would not affect the formation of nodules
characterization of agrobacterial isolates. They confirmed by Rhizobium. Similarly, hairy root production test has
that those organisms which have the above said already been reported by several workers [16-20].
characteristics are used to identification of
Agrobacterium. This confirmed that the findings of the Antibiotic Susceptibility Test: Antibiotic susceptibility
present  study  have been isolated Agrobacterium test was conducted for all Agrobacterium rhizogenes
species from the root nodules of leguminous plants but strains isolated from different host-plants by using
not Rhizobium. commercially available antibiotic discs. All the strains

The confirmation of Agrobacterium was made by the showed resistant to penicillin. The rest of the strain
specific tests viz, growth on PDA medium, 3-ketolactase showed   different    results   with  different  antibiotics.
test, growth and pigmentation in ferric ammonium citrate All the strains were showed resistant to amikacin except
containing media, sodium chloride tolerance test and A. rhizogenes isolated from the roots of S. rostrata, it was
citrate utilization test were conducted for all the strains. intermediate in its susceptibility to amikacin. Similarly, all
On PDA medium, the isolates showed well pronounced the strains were resistant to cephalexin while, the isolate
growth, similarly higher concentration of sodium chloride from V. ungiculata was susceptible to the same antibiotic.
did not affect the growth of isolates and they utilized Among the antibiotics tested, norfloxacin was most
citrate. Similar types of tests have already been conducted effective in controlling the growth of A. rhizogenes which
by Moore et al. [13]. Gaur et al. [14] distinguished was followed by ciprofloxacin, chloromphenical and
Agrobacterium from Rhizobium by 3-ketolactose test, nalidixic  acid. Tetracyclin  was effective on isolates from
whereas the Agrobacterium produced yellow ring of P.  sativum,  V.  mungo  and  V.  radiata and the rest of
precipitate of CuO  around the colonies of the bacterium the isolates showed resistant to tetracycline.2

when plates were flooded with Benedict’s reagent. Clark Agrobacterium from S. rostrata (stem) and V. mungo
[15] also applied the above test to distinguish showed  resistant  to  5 antibiotics each and susceptible
Agrobacterium rhizogenes from A. tumifaciens, A. rubi, to  3  each.  Similarly,  the  isolates   of   P.  sativum  and
A. pseudosugar  and  Rhizobium  trifoli.  He  found that V.  radiata exhibited resistant to 4 antibiotics each.
A. rhizogenes was positive whereas all the other species Among the isolates, isolate from  V.  ungiculata  was
were negative. In the present study all the isolates were susceptible to 5 antibiotics viz., cephalaxin,
showed  positive  results  for  3-ketolactose  test.  From chloramphenical, ciprofloxacin, nalidixic acid  and
the  above  specific  tests it was confirmed that the narfloxacin,   the  rest  of  the antibiotics were not
isolates from different legumes are Agrobacterium and effective  on  Agrobacterium  of   V.   ungiculata. The
not Rhizobium. Agrobacterium   isolated  from  the   stem   and   root  of

To identify the species of Agrobacterium, S. rostrata showed similar effects with different
pathogenicity test was conducted by seed inoculation antibiotics except ciprofloxacin which was more effective
technique. All the agrobacterial species isolated from on the isolate from the root than to the isolate from the
different leguminous plants showed profusely branched stem of the same species, where the isolate showed
secondary roots. An interesting point was noted that resistant to that antibiotic. Similarly sensitivity of amikacin
when Agrobacterium alone was inoculated into the host was intermediate to Agrobacterium isolated from the
species, there  was  the  formation  of proliferate and roots of S. rostrata, while the same antibiotic was not
multi-branched secondary roots from all species tested. effective on isolate from the stem of S. rostrata. In
On the other hand, when Agrobacterium along with general, Agrobacterium of S. rostrata and V. mungo
Rhizobium (of the host species) were inoculated, there showed resistant to many antibiotics tested (Table 1).
were not much branched secondary roots in any of the Antibiotic susceptibility patterns or antibiogram can
host species tested, instead the formation of nodules was also be used to distinguish among different strains [21].
observed. Similarly when Rhizobium alone was In the present study, the isolates from different
inoculated, all the host species showed the production of leguminous plants exhibited strikingly different results in
well developed nodules. From the above results it is their antibiotic susceptibility pattern. Except penicillin all
concluded that the agrobacteria isolated from the nodules the other antibiotics showed different pattern of
of different legumes were A. rhizogenes moreover when sensitivity for instance amikacin, cephalaxin and
Rhizobium present along with Agrobacterium, it could tetracyclin were not effective in controlling the growth of
inhibit the formation of hairy roots in the host species, but agrobacteria   of  different  legumes  whereas, narfloxacin
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Table 1: Antibiotic sensitivity pattern of Agrobacterium rhizogenes isolated from the nodules of different hosts

Diameter of zone of

inhibition in mm (standard) Diameter of zone inhibition in mm (test samples)

S. No. Name of the antibiotic / --------------------------------------------- ----------------------------------------------------------------------------------------------

disk strength in mcg Resistant Intermediate Sensitive A1 IP A2 IP A2a IP A3 IP A4 IP A5 IP

1 Amikacin (Ak) (30) 14 15-16 >17 10 R 15 I 14 R - R - R 14 R

2 Cephalexin (Cp) (30) 14 15-17 >18 - R - R - R - R - R 23 S

3 Chloromphenicol (C) (30) 12 13-17 >18 12 R 24 S 22 S - R 20 S 30 S

4 Ciprofloxacin (CL) (5) 15 16-20 >21 18 I 22 S 15 R 30 S 25 S 28 S

5 Nalaidixic acid (NA) (30) 13 14-18 >19 - I 26 S 25 S - R 18 I 25 S

6 Narfloxacin (NF) (10) 12 13-16 >17 20 S 17 S 20 S 18 S 12 R 20 S

7 Penicillin (P) (10) 20 21-29 >30 - R - R - R - R - R - R

8 Tetracyclin (T) (30) 14 15-18 >19 37 S - R 14 R 30 S 30 S - R

A1 = Argobacterium from Pisum sativum; A2 = Argobacterium from Sesbania rostrata (root); A2a = Argobacterium from Sesbania rostrata (stem); A3 =

Argobacterium from Vigna mungo; A4 = Argobacterium from Vigna radiata; A5 = Argobacterium from Vigna ungiculata; IP = interpretation; R = resistant;

S = sensitive; I = intermediate, 

and nalidixic acid were effective in controlling the growth region of 43 to 29 kDa. Agrobacterium of V. mungo
of  agrobacteria.  Similarly,  the  antibiotic  tetracycline reported to have three more bands at the regions of 97.4
was  more  effective  against  agrobacteria of P. sativum, to 68 kDa, these bands were also observed in
V.   mungo   and V.   radiata,   whereas   ineffective  on Agrobacterium  of  S. rostrata (stem nodule). In the
S. rostrata and V. ungiculata. Even the agrobacterial region  of  20  kDa,  all  the  isolates  except the isolate
isolates from the same host species, S. rostrata showed from  S.  rostrata (root nodule) showed a band each
different patterns of antibiotic sensitivity. Agrobacterium (Table 2; Fig. 1).
from root of S. rostrata showed resistance to cephalaxin, Since protein patterns have recently been to provided
penicillin and tetracycline and was intermediate to valuable information about taxonomic relationships in a
amikacin, whereas the stem isolate exhibited slight variety of organisms [23]. In the present study, the protein
variation. It was resistant to amikacin, ciprofloxacin, pattern of agrobacterial isolates were not related to each
cephalaxin, penicillin and tetracycline. Both the isolates other except some of the protein bands appeared in all the
were susceptible to chloramphenical, nalidixic acid and isolates. The protein bands at 205, 97.4, 68 and 43 kDa
narfloxacin. Thus agrobacteria of different host species were observed in all the agrobacterial isolates. Based on
exhibited variations in their sensitivity to various the protein profile, agrobacterial isolates from Pisum
antibiotics tested. Similar results have already been sativum, Sesbania rostrata (stem) and Vigna ungiculata
reported in Rhizobium [21, 22]. The above results also were closely related. In general, all the isolates of
confirmed the identity of different strains of A. rhizogenes agrobacteria differed in their protein pattern. Ladizinsky
isolated from the nodules of different host species. and Hymowitz [24] suggested that the electrophoretic

Protein Profile: Protein profile was studied by SDS-PAGE assessing genetic relatedness and in establishing
analysis in all agrobacteria from the root nodules of evolutionary relationship within the species complex.
different host species. Protein bands from 205 to 20 kDa Roberts et al. [25] have reported that electrophoresis
were observed in all the isolates except Agrobacterium mobility’s of whole cell proteins have been used to
rhizogenes of S. rostrata (root nodules) where the bands identify and classify the strains of Rhizobium and
from 205 to 29 kDa were observed. Among the Agrobacterium. In addition, Huisingh and Durbin [26]
agrobacterial isolates from the nodules of V. mungo alone also been compared the protein patterns of seven isolates
exhibited 9 bands which was followed by Agrobacterium of A. rhizogenes and found that all the isolates had a
of V. ungiculata with 7 bands, P. sativum, S. rostrata similar protein pattern which was characteristic to that
(stem   nodules)    and   V.   radiata   with   6   bands  and species. Contrary to this, in the present study a wide
S.  rostrata (root nodules) with  5  bands  respectively. variation apart from common bands was observed in the
The   agrobacteria    of   Pisum   sativum,   S.  rostrata protein pattern of different isolates and hence the isolates
(root nodules) and V. mungo showed 3 bands each in the be  treated  as  separate  strains. In order to ascertain the

variation in proteins has been increasingly used in
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Fig. 1: Protein profile of Agrobacterium isolates. M-Marker; A1 Agrobacterium from Pisum sativum; A2-Agrobacterium
from Sesbania rostrata (root); A2a-Agrobacterium from S. rostrata (stem); A3-Agrobacterium from Vigna
mungo; A4 - Agrobacterium from V. radiata; A5-V. ungiculata

Table 2: Protein profile of the agrobacterial isolates
Isolates code
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. No. M (kda) A1 A2 A2a A3 A4 A5
1 205 + + + + + +
2 97.4 + + + + + +
3 68 + + + + + +
4 43 + + + + + +
5 29 + + + + + +
6 20 + - + + + +
7 14.3 + - + + - +
8 6.5 - - - + - -
9 3.0 - - - + - -
A1 = Argobacterium from Pisum sativum; A2 = Argobacterium from Sesbania rostrata (root); A2a = Argobacterium from Sesbania rostrata (stem); A3 =
Argobacterium from Vigna mungo; A4 = Argobacterium from Vigna radiata; A5 = Argobacterium from Vigna ungiculata; + = presence of bands; - = absence
of bands.

strain variations between the species of A. rhizogenes, lot 2. Henzi,  M.X.,  M.C.  Christey  and   D.L.  McNeil,
of molecular studies have to be carried out. However, in 2000. Factors that influence Agrobacterium
the present work from the above discussion it is clear that rhizogenes mediated transformation of Broccoli
the  biochemical  studies,  antibiotic sensitivity pattern (Brassica  oleracea L. var. italica). Plant Cell Rep.,
and protein profile showed lot of variations with the 19: 994-999.
isolates of different leguminous plants and it may be 3. Young,  J.M.,  L.D.  Kuykendall,  E. Mart ´nez-
concluded that the isolates of A. rhizogenes be treated as Romero,  A.  Kerr  and  H. Sawada, 2003.
separate strains. Classification   and   nomenclature of
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