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ABSTRACT

Hemoglobin is functioning as carriers and storagrirges of oxygen in a wide variety of organismguitiog
plants. Plant hemoglobins are found greatest abundan the nitrogen fixing nodules of legumes. Wasbdules
are formed by bacteria like, Rhizobium or Bradydtimim by root colonization. After colonization, thacteria
begin to fix the nitrogen required by the plant.n@oonly, the plant nodules are found certain tribégropical
legumes such as Vigna and on some temperate leguobsas lotus. In this study four tropical legumasch as,
Arachis hypogaea, Vigna radiata, Vigna mungo andndya putika plant root nodules were selected ami th
protein content were analyzed, also 19 Rhizobiuetisg isolated from selected plants root nodulesorg these
nodules M. putika root nodules were showed maxiraomaunt of protein (10.65 pg/ml) and Rhizobium GMN@ h
showed high total protein content (34.95 pg/mighaemoglobin for all root nodules and rhizobial letes of
respective root nodules were tested by Cyanmethetringmethod. Among these nodules Leghaemoglobin
concentration is high in the root nodules of A. tyypea GN7, M. putika TN3, V. radiata GG3 and V. guBG2
showed that the absorbance value of 0.088, 0.04240and 0.020. In conclude that those selectedni@égous
plants nodules Leghaemoglobin levels highly vaieguantitatively.
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INTRODUCTION

Rhizosphere is the zone of soil surrounding a plaat where the biology and chemistry of the sod imfluenced
by the root. This zone is about 1 mm wide, but maglistinct edge. Rather, it is an area of intdsistogical and
chemical activity influenced by compounds exudedh®yroot, and by microorganisms feeding on thepmmds.
All this activity makes the rhizosphere the moshaiyic environment in the soil. Because roots aderground,
rhizosphere activity has been largely overlooked @& is only now that we are starting to unravet tomplex
interactions that occur. For this reason, the dpbere has been called the last frontier in adticall science
(Veegeret al, 1981). Legumes are unique among crop plantsein &bility to fix nitrogen in symbiotic associati
with bacteria, mostly belonging to the genéthizobiumand Bradyrhizobium Nitrogen fixation by bacteroids
provides ammonia, which is incorporated by the fslamto important biomolecules, such as proteirtleia acids,
porphyrins and alkaloids. The symbiosis takes pktcethe level of the root nodules, tumorkelistructures
formed as a result of the infection of roofgie bacteria (Anderssat al.,1984).

Leghaemoglobin is a protein which is requirfed nitrogen fixation by legume nodules ilarmds. As early as
in 1939, the Japanese scientist Kubo discoverednibdules from soybean contained a red colored @iyrand
demonstrated that it was a haemoprotein. This hpsstein in N- fixing nodules which facilitates O2 diffusion to
respiring bacteroid in infected cells. The ATP proeld from bacteroid respiration via oxidative pHusplation is
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used to reduce Nto form NH3. This capacity of Leghaemoglobin malles to supply O2 to support bacteroid
respiration and ATP production for nitrogenasevéstifunctionally relates the hemoprotein te fikation (Virtanen

et al.,1947). Leghaemoglobin from legume species have babndetected in the infected tissues of root siean
nodules of nitrogen fixing plants (Appleby, 1992rédondo Petest al, 1998).

Nitrogen is a limiting nutrient in most environmgnwith the main reserve of nitrogen in the biosphleeing

molecular nitrogen from the atmosphere. Molecuiapogen cannot be directly assimilated by plantg,ibbecomes
available through the biological nitrogen fixatiprocess that only prokaryotic cells have developedliferation of

bacteria in soil adhering to the root surface wiasavered toward the end of the nineteenth centatryhe same
time as the discovery of nitrogen fixation. Biologl nitrogen fixation is the major source of niteoginput in

agricultural systems. Rhizobia are bacteria thakolgical elicit on the roots of specific legume tsothe formation
of new organs i.e. nodule, within which the baeetoliferates, differentiate into bacteroids anbdsequently the
atmospheric nitrogen into ammonia. It can act asstainable source of N and can complement orcepéatilizer

inputs (Garg and Geetanjali, 2007). The two mairicaljural practices to benefit from biologicalfixation, crop

rotation and intercropping legumes (Fabaceae),n@mdfixing plants, were practiced in ancient timegen if the
basis for the benefit derived was not understoadr{8, 1993).

Most of the fixed N in legumes is harvested andttednimals, but evidence from a number of expemniesing
different methodologies indicates that legumesdeposit significant amounts of N in the soil durgrgwth. Fixed
N can also be transferred to intercropped non-leguim the case of mixed cropping systems, or tovidhg crops
in the case of crop rotation (Mahieu, 2007). Nigodixation is energy-demanding process and a aohsupply of
oxygen to the bacterial oxidases must be maintaiBedause the high affinity of leghaemoglobin f& and of its
high concentration in nodules, it was postulated tbghaemoglobin functions by facilitating thefdsion of O2 to
the bacteroids, thus leghaemoglobin is essentialifmmgen fixation (Bergersest al,, 1980). The prime objective of
this study is to estimate the leghaemoglobin coma@an in selected legumes plant root nodules afl as
Rhizobiumfrom selected legumes plant root nodules by cyatiaseenoglobin method.

MATERIALS AND METHODS

Sampling

Different types of root nodules such Asachis hypogea,Vigna mungo, Vigna radiatad Mymosa putikavere
collected from Mannargudi in Thiruvarur District ®amil Nadu, India. Plants are carefully uprooteshf the field
and are brought to the laboratory in aseptic caomléind processed for rhizobacteria isolation.

Isolation of Rhizobium

Nodules were collected from the roots and washeti sierile water followed by surface treatment witb%
alcohol and again with sterile water. The washeduies were surface sterilized with 0.1% mercuriogtie for 2-

3 min and again washed for at least 10 times wihile water as to remove the traces of mercurlorade. The
nodules were transferred in culture tube halfdillgith sterile water and crushed with a sterilesgleod to obtain a
milky bacterial suspension. After serial dilutiorasvmade and the suspension was streaked on Yeaattex
mannitol (YEMA) agar plates and incubated for 2a§slat 28°C. A single colony was taken from agatgsl and it
was streaked on freshly prepared YEMA plates taiolihe pure culture (Gachande and Khansole, 2011).

Gram'’s Staining

A loopful of culture was taken in a clean glasdesiand then smeared. The cells are fixed by pasisinglide gently
over a flame. The smear is then stained with crystdet solution for about 2-3 min. The slide iashed with tap
water. A few drops of Gram’s iodine solution is addo the slide and kept up to 2min. The slidggaimwashed in
tap water. The slide is kept in a slanting positaomd washed with alcohol which is added dropwiseis Tis
continued until all free blue color has been rentb@ugto 3sec). The slide is again washed in tagwathe smear
is then flooded with a safranin for one minuteisithen washed in tap water and air dried. Thesc@a# observed
under high power of the microscope and then thrailginmersion objective (Bergest al.,1994).

Biochemical and Physiological Characters
The biochemical tests were carried out in growtldion® at 28°C for 48h incubation. All the tests weagried out
with duplicates.

Catalase Activity
48 hours old rhizobacterial isolates were floodéth imydrogen peroxide (H202) and observed for Hitien of
effervescence of oxygen around the bacterial celatccording to Graham and Parker (1964).
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Oxidase Activity
Few drops of p-aminodimethylaniline oxalate werdextlon the surface of isolates on YEM agar andrebdeor
the production of color according to Kovacs (1956).

Growth on Glucose Peptone Agar
Glucose peptone agar (GPA) plates were streakdd igdlated strains and incubated. Presence of froves
observed after 48h according to Vincent (1970).

Citrate Utilization

Citrate utilization ability was determined, by raphg mannitol from YEM agar with equal amount ofisim
citrate and bromothymol blue (25mg/l). The platéhwnodified media were inoculated and then incebddbr 48h
(Koser, 1923).

Protein Estimation

The protein estimation was determined by Lowry'shod (Lowry’s, 1951). Different dilutions of BS#olution
are prepared by mixing BSA and water in a tube. flited volume of the each test tubes in 5ml. TheAB&8nge is
0.05 to 1mg/ml. From these different solutions gigpeut 0.2ml protein solution to different tesbéuand add 2ml
of alkaline copper sulphate reagent. Mix the sohutivell. This solution is incubated at room tempamfor 10min.
Then add 0.2ml of Folins-ciocalteous solution tahetube and incubated for 30 min. Zero the caloémevith
blank and take the optical density at 660nm.

Leghaemoglobin Assay

Leghaemoglobin concentration was determined bycyenmethemoglobin method by Wilson and Reisenauer
(1962). 50 to 100mg nodules were collected andag wrushed in 9 volumes of Drabkin’s solution imigrofuge
tube with a glass rod, and then the tube was ¢eg#il at 12,000 for 15min. Supernatant was filtetedugh a
0.2um syringe filter. The filtrate was taken in & cuvette and its absorbance is noted in a sg@wbtometer at
wavelength 540 nm.

RESULTS

Isolation of Rhizobium

Totally 19 bacterial colonies were isolated frora tbot nodules oA. hypogeaM. putika V. mungaandV. radiate

root nodules based on their white coleoucoid colony appearance on the congored contaivilERIA medium.

These 19 isolates were analyzed for their morphcddgnd biochemical characterization based orrdkalts they
were identified aRkhizobium(Table 1 & 2).

Table 1.Rhizobium isolates from collected samples

Sl. No Sample Name No. of isolates
1. Arachis hypogea Ground nut 8
2. Mymosa putika | Touch me not| 4
3. Vigha mungo Black Gram 4
4. Vigna radiata Green Gram 3

Morphological Characterization

The rhizobial colonies from the root nodules welsted on the YEMA medium and the colony morpholody the
isolates were observed. Based on the observatise #olates were showed the same colony chastcteaiter 48h of
incubation. The colonies were miky white, mucdidnslucent, circular in shape shiny, raised adth®a in diameter. The
isolated colonies were named on the basis ofisisdated plant name ikewig®. hypogedsolates were named as GN1
to GN8,M. putika isolates were named as TN1, TN2, TN3 and TM4mungo isolates were named as BG1, BG2,
BG3 and BG4V . radiata isolates were named as GG1, GG2 and GG3.

Protein Estimation from Root Nodules

Root nodules were subjected to protein estimatocoming to Lowry's method. Root nodules Af hypogea, V.
mungo, V. radiataand M. putika showed 5.6, 7.1, 3.75 and 10.65 ug/ml of proteintesd respectively. Among this,
root nodules oM. putika showed high protein content. Hence, the resultrofein estimation denoted as the protein
content is high in th¥. mungaoot nodules (Fig.1).

Protein Estimation of Rhizobium Isolates

Totally 19 bacterial isolates were subjected tdgiroestimation by Lowry’s method. Protein contefiA. hypogea
root nodules bacterial isolates namely GN1 to GN8aewdentified as 25.8, 26.1, 34.95, 24.6, 15.858%, 25.9 and
24.65pg/ml respectively. High amount of proteintem was present in GN3 nodule isolates (Fig.2).

17
Pelagia Research Library



V. Rajesh Kannanet al Euro. J. Exp. Bio., 2015, 5(4):15-23

Figure 1. Protein estimation of root nodules
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Figure 2. Protein content ofA. hypogea root nodule isolates
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Vigna radiata
The protein content of. radiataroot nodules bacterial isolates namely GG1, GGR@6G3 were identified as 2.55,
5.85 and 5.7 pug/ml respectively. Among the thretates GG2 isolates shows high (5.85 pg/ml) ofggnotontent

(Fig.3).

Vigna mungo

The protein estimated dfigna mungoroot nodules bacterial isolates namely BG1, BG&3Band BG4 were
identified as 2.45, 2.6, 3.4 and 3.6 pg/ml respebti High amount of protein content was preserB@®4 nodule
isolates (Fig.4).

Mymosa putika
The protein content oMymosa putikaroot nodules bacterial isolates namely TN1, TNRI3Tand TN4 were
identified as 7.95, 7.6, 8.1 and 7.5pug/ml respebtivHigh amount of protein content was present N8 nodule
isolates (Fig.5).

Leghaemoglobin Assay
Leghaemoglobin constitute a buffering mechanisiegame root nodules serving to minimze thg @adient through the
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infected tissue and to provide suficient @r bacteroids respiration, abeit at an extrerialy O, concentration (Fig. 6).

Figure 3. Protein content ofVignaradiata root nodule
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Figure 4. Protein content ofV. mungo root nodule isolates
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It was determined by the cyanmethemoglobin metmat adbsorbance value of ghaemogobin contert.dfiypogea, V.
radiata, V. mungoand M. putikanodules were identified as 0.037, 0.127, 0.612 Gat83. Among this/. mungo
had showed higher leghaemoglobin level in compangith others.

Arachis hypogea

Absorbance value of leghaemoglobin contenfofhypogearoot nodules bacterial isolates namely GN1to GN&we
identified as 0.083, 0.073, 0.079, 0.076, 0.0387®, 0.088 and 0.061 respectively. Leghaemoglodmicentration is
high in GN7 bacterial isolates (Fig.7).

Vigna radiata

Absorbance value of leghaemoglobin conten¥/ofradiataroot nodules bacterial isolates namely GG1 to GG3
were identified as 0.020, 0.048 and 0.056 respalgtil_eghaemoglobin concentration is high in GG8tbaal
isolates (Fig.8).

Vigna mungo
Absorbance value of leghaemoglobin conter¥ ofnungaroot nodules bacterial isolates namely BG1 to B&Bew
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identified as 0.016, 0.020, 0.018 and 0.014 respdygt Leghaemoglobin concentration is high in B@&cterial
isolates (Fig.9).

Figure 5. Protein content ofM. putika nodule isolates
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Figure 6. Leghaemoglobin concentration in various edulating plants (Ab)
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Absorbance value of leghaemoglobin contentvbfputika root nodules bacterial isolates namely TN1 to TNetew
identified as 0.016, 0.032, 0.044 and 0.028 resplctieghaemoglobin concentration is high in TH&cterial nodule
isolates (Fig.10).

From the result of leghaemoglobin assay resulh ithe folowing orderA. hypogea, M. putika, V. radiand V.
mungorespectively. Thus the result suggested that, tbéeip as wel as hemoglobin content is high in Ahehypogea
root nodules anéRhizobiumisolated from the root nodules &f hypogea.
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Figure 7 . Leghaemoglobin concentration ofArachis hypogea noduke isoktes
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Figure 8. Leghaemoglobin concentration o¥/. radiata nodule isolates
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Figure 9. Leghaemoglobin concentration of/. mungo nodule isolates
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Figure 10. Leghaenoglobin concentration oM. putika nodue solates
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Table 2. Biochemical characterization oRhizobium sps

S.No. | Isolates | Indole | MR | VP | Citrate TSI Catalase | Oxidase | Gram’s staining
1. GN1 -ve -ve | -ve| -ve ALS,AB +ve +ve _ve
2. GN2 -ve -ve | -ve -ve ALS,AB +ve +ve -ve
3. GN3 -ve -ve | -ve - ve ALS,AB +ve +ve -ve
4. GN4 -ve -ve | -ve -ve ALS,AB +ve +ve -ve
5. GN5 -ve -ve -ve -ve ALS,AB +ve +ve -ve
6. GN6 -ve -ve | -ve -ve ALS,AB +ve +ve -ve
7. GN7 -ve -ve -ve -ve ALS,AB +ve +ve -ve
8. GN8 -ve -ve | -ve -ve AB,ALS +ve +ve -ve
9. TN1 -ve -ve -ve -ve AB,ALS +ve +ve -ve
10. TN2 -ve -ve | -ve -ve AB,ALS +ve +ve -ve
11. TN3 -ve -ve -ve -ve AB,ALS +ve +ve -ve
12. TN4 -ve -ve -ve -ve AB,ALS +ve +ve -ve
13. BG1 -ve -ve | -ve -ve AB,ALS +ve +ve -ve
14. BG2 -ve -ve -ve -ve ALS,AB +ve +ve -ve
15. BG3 -ve -ve | -ve -ve AB,ALS +ve +ve -ve
16. BG4 -ve -ve -ve -ve AB,ALS +ve +ve -ve
17. GG1 -ve -ve | -ve -ve ALS,AB +ve +ve -ve
18. GG2 -ve -ve | -ve -ve AB,ALS +ve +ve -ve
19. GG3 -ve -ve -ve -ve AB,ALS +ve +ve -ve

Note: AB — Acid butt, ALS — Alkalistant

DISCUSSION

Earlier studies have shown that the legume roouleothe site of nitrogen fixation, and depend uptant and
bacterial cells. The oxygen binding protein leghagimbin found high concentration in nodules; itilitettes the
diffusion of oxygen to the rapidly respiring badieis and concomitantly buffers the freg éncentration at an
extremely low tension. Previous studies of legurodutes have indicated that formation of the heméetpoof
leghaemoglobin is a function of the bacterial syonhi Wittenberget al., 1980 identified thahemAmutant of
Bradyrhizobium japonicuncannot carry out the first step in heme biosynthdésims fully effective nodules on
soybeans.

In our studies totally 19 rhizobacterial coloniesr& isolated from the root nodules Af hypogeaM. putikg V.
mungoandV. radiateand that bacterial were characterized biochenyi@aRhizobiumspecies. Gram negative rods
with miky white, mucoid, translucent, circular hape shiny, raised and were observed in 2-4 mmetiia These
findings are in line with Hussaiet al (2002); Oblisami (2005). Thehizobiumstrain S24 and M11 of green gram
were earlier found to be symbiotic effectively omef cultivars of green gram, with strain M11 proohac
significantly higher amount then strain S24 (Dad#r980). Leghaemoglobin content in nodules oftadl species
inoculated with Strain M11 was higher as compaoestiiain S24 of green gram.
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All the rhizobium isolates were streaked on Bromgatbl blue added YEMA selective media for further
confirmation. Similarly the rhizobium isolates weshowed positive for motility, Catalase and Oxidésst and
showed negative for Indole, Methyl Red, Voges-Paosk, Indole and Citrate utilization test. Our théadings are
in close agreement with Elsheikh and wood (198®ed and Asghari (2008) who also characterizedHizebium
from soil and sunflower root nodules with the sgrositive biochemical tests.

To synthesis the role of leghaemoglobin in symbiatitrogen fixation it is important to know the tetaof

leghaemoglobin in the functioning legume root neddlbnes (1982) reported leghaemoglobin from seybedule
extracted at pH 5.6 with ferric hemochrome. Cre{®106) identified leghaemoglobin from soybean madules as
a complex, leghaemoglobin a-X of ferric leghaembglowith a low molecular weight ligand X. In thisudies,

leghaemoglobin content varies from 0.22 to 0.5§9 par nodule in different cultivars (Mathat al.,1989), this
results supports in our study the leghaemoglobimesd was vary 0.34 to 0.78 mg and this contenhdse in

nodules on plants grown in light than those growarkdess (Elsheikh and Wood, 1995). The leghaemogklso

influenced theRhizobiumstrain that forms the nodule and use of phosphtatgizers of Rhizobium.Stougaard
(2000) reported that the use of phosphorus festtihad significantly increased in dry weight aeghlaemoglobin
content of root nodules. In this study, the resuligested that, the protein as well as hemoglatriteat high in the
A. hypogeaoot nodules an&hizobiumisolated from the root nodules Af hypogea.
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