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ABSTRACT

Root exudates of soybean and vigna seedlings grown for 14 days in
water culture with N free nutrient solution were extracted and concentrated. A 25
ut of cither soybean or vigna root exudates were added into shaked culture of
Bradyrkizobium japonicum USDA 110 and the lipo chitin oligosaccharide Nod
signal was extracted and purified with High- performance Liquid
chromatography. Un—induced Bradyrhizobium japonicum or 10 ul of either of the
two purified LCOs, obtained from root exudates induced Bradyrhizobium
Japonicum culture, was inoculated into water culture of soybean and vigna
seedlings. The purified LCOs produced by induced B. japonicum due to treatment
with soybean or vigna root exudates were shown to induce a little difference in
the number of bands and peaks profiles in thin — layer — chromatography (TL.C)
and HPLC analyses, respectively, The purified LCOs also induced root hair
deformation and nodule primordia on soybean and vigna seedling roots.
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INTRODUCTION

The symbiotic relationship between legumes and root nodule bacteria i.e.
Rhizobium, Bradyrhizobium, Sinorhizobium and Azorhizobium is exemplified in
the formation of nitrogen - fixing rool nodules. The development of legume root
nodules is largely controlled by reciprocal signal exchange between the macro-
and microsymbiont. Legume roots are known to secrete flavonoids, which induce
exptession of nodulation genes of rhizobia (Schultze et al., 1994; Selim, 2000 and
Broughton ef al., 2003). Many of these genes arc involved in the synthesis and
secretion of lipo- chitin- oligosaccharides (LCOs) (Schultze er al., 1994 and Song
& Lin, 1999). The LCOs molecules have been characterized from several
Rhizobium specics and described 10 daic as oligomers which are closest of three
to five N- acetylglucosaming residues with an amide linked fatty acyl moiety on
the non reducing terminal residuc (Carison er af., 1994 and Broughton ef al.,
2003) . Specific modifications of the LCOs produced by different rhizobis: have
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been shown in scveral cases to determine host specificity (Denarie e al., 1994
and Spaink et al., 1994).

Purified LCOs have been shown to induce several responses in plant root
which are also developed by rhizobial infection. The responses include root hair
deformation, root bair curling, formation of pre-infection threads and nodule
primordial (Van Brussel ef al,, 1992, Stokkermans ef al., 1995 and Nasr & Selim,

1997).

The host range of root nodule bacteria can vary from a restricted (R.
leguminosarum bv. viceae, R. leguminosarum. by. trifolii, R. leguminosarum. bv
phaseoli and R. meliloti) to a broad host range (Bradyrhizobium japonicum).
Nodulation studies showed that soybean, vigna and peanut plants are nodulated
by Bradyrhizobium japonicum strains but not by most other Rhizobium strains.
Bradyrhizobium japonicum is also known to produce a large diversity of specific
lipo-chitin — oligosaccharides (LCQOs) which are necessary for root infection and
nodule formation. (Denarie ef al., 1994)..

The aims of this study was to study the effect of extracted and purified
LSOs obtained from root exudates induced Bradyrhizobium japonicum on root
hairs responses in soybean and vigna roots.

MATERIAL AND METHODS

Bacterial strain

Bradyrhizobium japonicum USDA 110 was provided from the Unit of
Biofertilizers, Fac. Agric., Ain — Shams Univ., Cairo, Egypt to be used in this
study.

Seeds
Sceds of soybean (Glycine max L.) and vigna (Vigna sinensis) were
kindly supplied by the Dept. of Legume Research, ARC, Giza, Egypt

Collection of root exudates

Seeds of soybean and vigna, selected for uniformity in size and viability
(92%}, were surface —sterilized with ethanol (95%) and Hg Cl, (0.1%) for 30 min
and then washed several times with sterile distilled water (Gyorgpal ef al., 1991).
Surface sterilized seeds were germinated on moist sterile filter paper for 3 days at
28°C. Scedlings with root lengths of about }.5-2.5 cm were transferred into tubes
(4x 25 cm) contained sterilized N-free Hoagland nutrient solution (Hoagland and
Arnon, 1938) at a rate of 25 ml / tube (Nasr and Selim, 1997). One secdling was
placed aseptically in each tube. The tubes were covered with dark paper to protect
the root system from light and kept in growth chamber for 14 days. The nutrient
solutions of ten soybean or vigna seedlings were collected, filtrated and then
mixed with 15 ml of isobutanol and left overnight on a rotary shaker (100 rpm) at
28 + 2°C. The last sicp was repeated twice using 15ml of isobutanol for 5 min
(Selim, 2000), The alcohelic layer was collected, evaporated and the residue was
resuspended in 250 pl of iscbutanol.
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Extraction of Nod metabolites (LCOs)

Activated Bradyrhizobium japonicum USDA 110 was inoculated into B-
liquid medivm (Spaink ef o/, 1989), supplemented with 25 pl of root exudates of
either soybean or vigna seedling and then shaked at 28°C until an absorbance of
(.6-0.8 was obtained at 620 nm. The culture was shaken overnight together with
40% n-butanol. The butanol layer was collected, dried and the residuc was
resuspended in 60% acetonitrile in water. The mixture was then purified by
HPLC waters (Millipore)} 510 conneted with waters 486 tunable a u Bondapak C-
18 column (3.9 x 30° nm), using the following gradient system: 5 min isocratic
elution with 20 % acetonitrile, 30 min isocratic elution with 30 % acetonitrile, 30
min isocratic elution with 40 % acetonitrile, 15 m in isocratic elution with 60 %
acetonitrile, and 10 min from 60 to 100% acetonitrile. The HPLC elution was
performed at flow rate of 0.7 ml / min., and the eluens were monitored at 206 am.
The purified LCOs obtained from induced Bradyrhizobium japonicum USDA 110
i.e., treated with the soybean or vigna root exudates were analyzed by High-
performance Liquid chromatography (HPL.C) according to Hartwing et al. (1990).
A 15 pl of the same materials were spotied on TLC plastic sheets of Silica Gel 60
with F,5, (Merk) with a separation solvent consisted of Toluen: diethyl formate:
formic acid at a ratio of 5:4:1 TLC plates were exposed to X-ray and developed
bands were photographed as shown by (Spaink er al., 1992)

Plants Culture

Developed soybcan and vigna seedlings were treated with 10 pl of
purified LCOs, obtained from Bradyrhizobium japonicum cells grown in the
presence of soybean or vigna root exudates or 1 ml of Bradyrhizobium japonicum
culture. Ten replicates were made for each treatment  After 2-3 days root were
stained with methylene blue as described by Truchet et af. (1991) and
microscopically examined. Changes in root hair morphology were photographed
by Canon power Shot A60 digital camera.

RESULTS AND DISCUSSION

Production of LCOS by B. japonicum

The production of LCOs was assayed using thin-layer chromatography
(TLC) analysis of n-butanol extracts of Bradyrhizobium japonicum grown in the
presence of soybean or vigna root exudates as a nod D genes inducer,

In the absence of root exudates treatmemt no nod metabolites was
detected (Fig 1 lane A), but and the reverse was true in the presence of soybean or
vigna roots exudates (Fig. | lanes B & C) where several inducible spots were
developed on silica TLC piate, based on their migration behavior. There was a
littler difference between the number of spots produced by B, japonicum treated
with root exudates of soybean and those treated with the root exudates of vigna .

Fig (2) shows the clution profile of purified nod-metabolites (LCOs)
obtained from B. japonicum untreated or treated with root exudates obtained from
soybean and vigna. There were considerable diffesences in the profiles of LOOs
peaks obtained from untreated B. japomicum culture (Fig. 2C) and that treated
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with root exudates of the two tested hosts (Fig 2 A&B). On the other hand, a little
difference in peak numbers and profiles of HLPC analysis of LCOs obtained from
B. japonicum induced by soybean root exudates compared with that induced by
vigna root exudates. The above — mentioned results of TLC and HPLC analyses
conclude that Bradyrhizobium japonicum can produce a diverse of lipo-chitin
oligosaccharides (LCOs) when induced by root exudates of specific hosts (Spaink
et al., 1992, Lopez-Lara, et al., 1995; Luis ef al., 1998 and Frederic ef al., 1999).

A B C
Fig. (1): Thin — layer chromatography (TLC) analysis of nod signal produced
by B. japomicums, (A) n-butanol extracts of cells grown without
induction (control), (B) n-butanol extracts of cells grown in the
presence of soybean root exudates and (C) n-butanol extracts of
cells growa in the presence of vigna root exudates.
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Fig. (2): High — performance liquid chromatography (HPLC) profiles of -
butano! (LCQy) extracts obtained from Bradyrhizobinm japonicum
grown in '

A. The presence soybean root exudates .
B. The presence Vigna root exudates,
C. Uninduced culture

Biological activity of the LCOs

The biological activity of purified LCOs was tested by the response of
roct hair morphology. Microscopic examination the root systems of soybean and
vigna seedlings grown for 2-3 days in the presence of B. japonicum (as a positive
control), n- butanol (as a negative control) or purified LCOs (obtained from active
culture of Bradyrhizobium faponicum treated with the root exudates of soybean or
vigna seedling). The results showed that B. japanicum and LCOs elicit abundant
root hair deformation in the 2 tested plamis (Fig 3 G, H) which is one of the
carlicst responses of legumes plant to compatible rhizobial infection, and for their
ability to induce the symbiosis (Stokkermans ef al., 1995).
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Fig (3): Root bair deformation and nodule primordial induced on soybean or
~ vigna plants: Panels: A, B, untreated plants (control). Panels: C, D,
E, F: treated with Bradyrhizobium japonicum. Psnels: G, K; Treated
with purified LCOs extracted from B. japonicum grown with
‘soybean root exudates. H,L: treated with purified LCOs extracted
from B. japonicum grown with vigna root exudates. Panels: C, D, G,
H: Roof bair deformation. Panels: E,F,K,L: nodule primordial
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The purified LCOs was sufficient to induce not only root hair
deformation but also nodule primordia Fig. (3 K, L). Thus it seems that the signal
molecule induced cell division by changing the phytohormone balance in the root
(Franssen ef al., 1992). Other studies in the same sequence, also showed that, the
zeatin gene is involved in cytokinin synthesis (Long and cooper, 1988), and
compounds which are supposed to block the polar transport of auxin, namely
naphtylphthalamic acid (NPA) and Triiodobenzoic acid (TIBA) could induce the
formation of nodule-like structures on legume root (Franssen et al., 1992).

Conclusively, the LCOs produced from B. japonicum treated with the
root exudates of soybean or vigna appeared to be able to induce root hair
deformation and nodule primordia on a specific host, The interaction of Nod D
with flavonoids differs not only between species or strains but also within a single
strain among individual Nod D alleles. Two nod D copies were found in 5.
Japonicum (Appelbaum et al., 1988), Perhaps, the soybean root exudates activate
the first nod D and vinga root exudates activate the second nod D copy.

REFERENCES

Appetbaum, ER.; Thomposon, D.V.; Kler, K. and Chartrain, N. (1988):
Rhizobium japonticum USDA 191 has two nod D genes that differ in
primary structure and function J. Bacteriol. 170, 12-20.

Broughton, W, J.; Zhang F., Perret X. and Stachelin, C. (2003): Signals
exchanged between legumes and Rhizobium: agricultural uses and
Pesspectives. Plant and Soil 252:129-137.

Carlson, R.w.; Price, N.P.]. and Stacey, G. (1994): The biosynthesis of rhizobial
lipo- oligosaccharides nodutation signal molecules, Mol plant-Microbe
Interact. 7: 684-695.

Denarie, J.; Truchet, G. and Prome, J.C. (1994): Rhizobium nodulation factors:
synthesis and plant responses. In. Daniels, M.; Downie, J.A;
Osbourn, A.E. (eds) Advances in Molecular Genetics of Plant-
Microbe Interactions, Kluwer Academic publishers, Dordrecht. Vol 3,
pp.81-90

Franssen, H.; Vijn.; Yang W.C. and. Bisseling, T. (1992): Developmental aspects
of the Rhizobium—legume symbiosis. Plant Mol Biol., 19:89-107.

Frederic, G.; Sophie, D.; Natacha; M.; Eric, S.; Roberto, G.; Herve, C.; Andreas,
N.; Hugues, D.; Raoul, R.; Julie, C. and Jean - Jacques, B (i999):
Ligand specificity a high - affinity binding site for lipo-chitno
oligosaccharidic nod factors in Medicago cell suspension culture.
Proc. of the National Acad of Sci of the United states ofAmerica, 96
(8) 47044709,

Gyorgpal, Z.; Kondorosi, E. and Kondoros, A. (1991): Diverse signal sensitivity
of Nod D protcin homologus from aarrow and broad host range
rhizobia. Mol. Plant Microb. Inter. 4(4); 356-364.

Hartwing, U.A.; Maxwell, C.A.; Joscph, C.M. and Philips. D.A. (1990): Effect of
alfalfa nod genes-inducing flavonoids on nod ABC transcription in
Rhizobium melilofi straing containing different nod D genes . J.
Bacteriol. 172:2769-2773.



1448 Anndls Of Agric. Sc., Moshtokar, Vol. 43(3)," 7995

Hoagland, D.R. and, Arnon, D.I. (1938): The water culture method for growing
plants without soil. University of California, College of Agriculture,
Agricultural Experimental Station, Circular 347.

Long, S.R. and Cooper, J. (1988): Overview of symbiosis. In: Molecular Genetics
of plant-Microbe Interaction. Palacios, R. and Verma, D.P.S. (eds)
APS press PP. 163-178..

Lopez-Lara, 1. M,; Drift, K. M.; Van Burussel, A. A. N.; Heverkamp; J.;
Lagtenberg, B. J.J.; Tomas — Oates, J. E. and Spaink, H. P. (1995):
Induction of nodule primorda on Phoseolus and Acacia by lipo-
chitinpligosaccharide nodufation signals from broad-host-range-
Rhizobium Strain GRH,. plant Mol. Biol. 29:465-477.

Luis, FM.].; Hamid, M.; Silvia, M.; Carolina, S.; Carmen, V_; Noreide N.; Jose-
Manuel, C. F.; Carmen, Q. and Manuel, M. (1998): Sulfation of nod D
independent in Rhizobium tropici CIATES9. Mol. Plant- Microbe-
Interact. 11(10)979-987,

Nasr A. Sohair and Selim, Sh. (1997): Effect of flavonoid compound on growth
rate and expression of nodulation genes of rhizobia . Annals Agric.
Sci., Ain Shams Univ., Cairo, 42 (1): 81-93,

Schultze, M.; Kondorsi, V.; Ratet, P.; Michel, B. and Kondorosi, A. (1994); Celi
and molecular biology of Rhizebium-plant interactions. International
Rev. Cyto 154:1-75.

Selim, M. Sh. (2000): Role of combind nitrogen in regulating the production of
root flavonoids inducing nodulation genes by soybean plants. Ann.
Agric. Sc., Moshtohor 38(1); 153-163,

Song, S.C. and Lin, L. P. (1999). The transition of Rhizobium fredii lipopoly
sacchaoides induced by soybean root exudation. Bot. Bull. Acad. Sin.
40:73-78.

Spaink, H.P.; Bloemberg, G.V.; Wijfjes, A HM.; Ritsema, T., Geiger, O.; Lopez-
Lara, I M.; Harteveld, M.; Kafetzopoulos, D.; Van Brussel, A AN.;
Kijne, 1.W.; Lugtenberg, B.1.1.; Van der Drift, K M.G.M.; Thomas-
Qates 1E; Potrykus, L and Sautter, C.(1994). The molecular basis of
host specificity in the Rhizobium leguminosarum-plant interaction. In:
Danicls M, Downie JA, Osbourn AE(eds) Advances in Molecular
Genetics of Plant-Microbe Interact., . Kluwer Academic Publishers,
Dordrecht. 3: 91-98. .

Spaink, HP.; Wijffelman, C.A.; Okker, R.JH. and Lugtenberg, E.J.J. (1989):
Localization of functional regions of the Rhizobium nod D product
using hybrid nod D genes. Plant Mol Biol 12: 59-73.

Spaink, HP.; Aarts, A.; Stacey, G., Bloemberg, G. V., Lugtenberg, B.J.J. and
Kennedy, EP. (1992): Detection and separation of Rhizobium and
Bradyhizobium Nod metabolites using thin- layer chromatography.
Mol. Plant-Microbe Interact . 5:72-80.

Stokkermans, T. J. W.; Ikeshita, S.; Conathan, J.; Carlson; R. W.; Stacey, G.;
Ogawa, T. and Peters, N. K. (1995): Structural requirements of
synthetic and natural product lipo-chitin oligosaccharides for induction
of nodule primorda on Glycine Soja. Plant physiol 108: 1587-1595.



Induction Of Root Hair & Nodsle Primordia On....... 1449

Truchet, G.; Roche, P.; Lerouge, P.; Vasse, ].; Camut, S.; De Billy, F.; Prome,
J.C. and Denarie, J. (1991): Sulphated lipo-oligosaccharide signals of
Rhizobium meliloti elicit root nodule organogenesis in alfalfa . Nature
351: 670-673.

Van Brussel, A.A.N.; Bakhuizen, R.; Van Spronsen, P.; Spaink, H.P.; Tak, T.;
Lugtenberg, B.LJ and Kijne, J. (1992): Induction of pre-infection
thread structures in the host plant by lipo-oligosaccharides of
Rhizobium . Science 257: 70-72.

by gall Job (AU A 0l b pai OnsSs Ap el Gl plnd) judad
(LCOs) ity jSan sl gl Ciaiged gaad Nod =3 A LS} Adnaad gy gy ol
A e sl ey o O Lealdiendd)

gl o palt Saal 3 pana gk
e (e Aaaly — Ao )5l 3406 g o g g ySaadl pudi — (g gpadl dpaidll S22y
S VIYEY oy oy Y oad (B VA L

Jo—d (s Sy Hada S S Sy padlatul Cagll 1 i 3
Cabgeal 8 Lagy VE Sad G S0l e (I (3 gla B Rl Ll 4 gl
it de ) jall gl 5See YO Jaaw saa e Ble JS Laladl ) yiall it 3 il
3OS alll Wi Galasid Sy oS gla pliy Juy 33l 0 USDA 110 ADLE
High- Performance Liquid jl—a :Lhul,g A%udD o~ (LIYEN (LCOS) S S gl
S > Oe e Jraaidt Gl LCOs o Jas )y chromatography (HPLC)
A6 b Unpny TGS Lapllly Lguall Jgb ) g2 2l 30 Aldladl oSSgila iy )
o3 e HPLC, TLC ihuly Jihad 2ie Lo Juasidl Ciliaially o ol
pSipa Ly ey ol all WO el gy Ly pllly G geall g b 50l Aabas aic
o) gme AThnalt 3 $SA AN o Lole Juaaidl g ot (LCOs) o Asile alt
Gl ppa il eliadt Gaiad o 3 0 Wil Jaa o L gl gt G geald g p0e ol il
Al yall Caad Gl < ol A Al ealall U ) gay g (553 4y 530l





