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GENOME ARCHITECTURE AND GENOMIC DESIGN IN Rhizobium

Rafael Palacios.
Nitrogen Fixation Research Center, National University of México. Ap. Postal 565-A, Cuernavaca,
Morelos, México.

Due to homologous recombination between reiterated DNA sequences, the bacterial genomes are
subjected to differe~t types of rearrangements, including deletions, amplifications, inversions, and
cointegration of different replicons. Highly dynamic genomes have been proposed for microorganism
that show a large amount of DNA reiteration such as Rhizobium. If the position and orientation of the
reiterated DNA famiiies of a genome or a region of a genome is known, the different types of
potential rearrangements produced by homologous recombination may be predicted. As
experimental model we studied the symbiotic plasmid of strain NGR234. The rearrangements
predicted by the DNA sequence were identified and derivative populations tha® are pure for specific
rearrangements, were obtained. We propose that knowledge of the DNA sequence of a genome
allows to design alternative genomic structures that in turn may be experimentally obtained.
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LECTURE ABSTRACTS






Lecture Abstracts

S1-L1

NITROGENASE: BIOCHEMISTRY AND REGULATION OF EXPRESSION

Ray Dixon.
Department of Molecular Microbiology, John Innes Centre, Norwich UK

Considerable knowledge has accumulated on the siriciore, function anc mechanisr.. - itrogenases
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... Lecture Abstracts

S1-L3

CATALYTIC DINITROGEN REDUCTION IN THE PRESENCE OF POLYNUCLEAR METAL
COMPLEXES.

A.E. Shilov
Institute of Problems of Chemical Physics, Russia

Polynuclear vanadium(li) and molybdenum(lll) complexes activate dinitrogen in protic media to further
reduction to hydrazine and ammonia. Analysis of kinetics of N, reduction and EPR spectra of
vanadium complexes confirms the formation of active tetra- and octanuclear complexes. Polynuclear
molybdenum(lil) complexes catalyse N, reductions to hydrazine and ammonia in the presence of such
reductants as titanium(lll) hydroxide, europium and sodium amalgams. The reaction rate strongly
depends on the redox potentials of the reducing agents and the nature of the catalyst. Isolated FeMo
cofactor of nitrogenase can catalyse the reduction of acetylene (as well as other nitrogenase
substrates) and coordinate dinitrogen in the presence of the same amalgams. The comparison will be
made of the synthetic catalysts and FeMoco.
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....Lecture Abstracts

S2-L5

STRUCTURAL AND FUNCTIONAL GENOMICS IN LEGUMES

Jens Stougaard, José Antonio Herrera-Cervera, Maria Josetfa Lorite-Ortega, Lene Krusell, Niels
Sandal, Lene Heegaard Madsen.

Laboratory of Gene Expression, Department of Molecular and Structural Biology, University of
Aarhus, Gustav Wieds Vej 10, 8000 Aarhus C, Denmark

Foliowing the emergence of model legumes the molecular genetic analysis of symbigsis is now
rapidly developing. Genetic maps are constructed for several legume species and different methods
for positional cloning of symbiotic loci is currently applied in order to clone genes involved in nodule
initiation, nodule function as well as autoregulation. Attempts towards map based cloning of the
Lisyml16 gene will be presented to exemplify these approaches.

Several novel methods for genetic analysis of gene function have been established in eukaryotes and
a subset of these can be applied to investigate the function of plant genes. Insertion mutagenesis
with T-DNA and transposable elements have for example been vsed in Lotus japonicus. A summary of
the transposon insertion approaches and the future perspectives will be given. The cloning and
characterization of the first transposon tagged symbiotic locus (Nin) will be presented. Gene
inventories for soybean, L. japonicus and M. truncatula are accumulated from EST sequencing
programs and functional analysis of these genes is now on the priority list. Approaches for converting
this structural information into functional genomics will be discussed.
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... Lecture Abstracts

S2-L7

TOWARD THE MAP BASED CLONING OF A GENE CONDITIONING NON-NODULATION
PHENOTYPE IN ALFALFA (MEDICAGO SATIVA)

Gyorgy B. Kiss, Peter Kalo, Attila Kereszt, Zoltan Kevei, and Gabriella Endre
Institute of Genetics, Biological Research Center of the Hungarian Academy of Sciences R-6701
Szeged, P.0.Box 521. Hungary

The improved genetic map of diploid (2n=2x=16) alfalfa (Medicago sativa ssp. coerulea x Medicago
sativa ssp. quasifalta) has been developed by analyzing the inheritance of more than 1500 genetic
markers on 137 plant individuals of a F2 population. The genetic map of alfalfa in its present form
contains 8 morphological, 2 SSCP, 10 isozyme, 26 seed protein, more than 400 RFLP, more than
700 RAPD and 200 specific PCR markers in 8 linkage groups. The genetic map covers 754
centimorgans with an average marker density of 0.8/cM. The correlation between the physical and
genetic distance is about1000-1300 kilobase pairs per centimorgan.

The saturated linkage map of diploid alfalfa was used to compare with the genetic map of M.
truncatula, pea (Pisum sativum) and Arabidopsis thaliana. High degree of macro and microsynteny
could be demonstrated between M. sativa and M. truncatula, obvious similarity was found between
the gene order of alfalfa and pea, while some degree of synteny between Medicago and A. thaliana
was detected.

The location of a mutation (nn,) conditioning non-nodulation phenotype was determined in a tetraploid
alfalfa population. Using tightly linked markers BAC clones originating from a M. truncatula BAC
library (0. Cook, TAMU, Texas, USA) were isolated. Chromosomal walking approach is taken to
identify and isolate the genes conditioning the ineffective and the non-nodulation phenotype.
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... Lecture Abstracts

$3-L9

RHIZOBIUM NGR234 GENOMICS, TRANSCRIPTOMICS AND PROTEOMICS.

W.J. Broughton, G. Gottschalk, T. Hartsch, P. James, A. Johann, M. Miinchbach, X. Perret, A.
Rosenthal, C. Staehelin, R.A. Schmitz, W.R. Streit, and V. Viprey.
LBMPS, Université de Genéve, 1 Chemin de I'lmpératrice, 1292 Chambésy, Switzerland.

The broad hostrange Rhizobium sp. NGR234 contains three replicons — a 536 kb symbiotic plasmid
(PNGR234a), a 2.2 Mb mega-plasmid (pNGR234b), and a 3.5 Mb chrmosome. pNGR234a has been
completely sequenced [Freiberg, C., Fellay, R., Bairoch, A., Broughton, W. J., Rosenthal, A. and
Perret, X. 1997. Molecular basis of symbiosis between Rhizobium and legumes. Nature 387: 394-
401], and random sequence data exists for the other two replicos. All open reading frames (ORFs) of
pNGR234a (Perret, X., Freiberg, C., Rosenthal, A, Broughton, W.J. and Fellay, R. 1999. High-
resolution transcriptional analysis of the symbiotic plasmid of Rhizobium sp. NGR234. Mol. Microbiol.
32: 415-425) as well as those random sequences which matched a data-base entry (922) were
amplified and used in expression analyses. Only 3% of these latter sequences carried transcripts
whose expression was clearly flavonoid dependent (compared to 37% on pNGR234a). Most ORFs
transcribed under free-living conditions are repressed during symbiotic nitrogen-fixation since only
3.5 % of the selected clones were significantly expressed in nitrogen-fixing bacteroids. Several
homologues of proteins containing Ca:- binding domaines typical of the cycloysin/haemolysin family
(which includes * e host-range determinant NodO) were identified. Matrix-assisted laser desorption
and ionisatior e of flight (MALDI-TOF) mass spectra were accurulated from Coomasie blue
stained spots of total proteins that had been separated by two dimensional electrophoresis. Ninety
two percent of the daidzein inducible proteins mapped to pNGR234a confirming that this replicon
carries most of the symbiotic genes.

m)3m
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S3-L10

PROTEOME ANALYSIS OF THE SYMBIOSIS BETWEEN SINORHIZOBIUM MELILOTI (STRAIN
1021) AND THE LEGUME MELILOTUS ALBA.

Michael A. Djordjevic, Siria H. A. Natera, Nelson Guerre ~ and Barry G. Rol =.
G- : Interactions Group, Research Sct > of Biologica Sciences, Austrz ~n Nationai University,
GPO Box 475, Canberra ACT Australia, 2¢

Proteome analysis was used to investigate the metabolic changes that occurd =~ 7 2 symbiotic
interac.. . between S. meliloti strai 2121 and M. alba that leads to the formation ot root nodules.
We compared 2-d:r.ensional arrays o. total prote . fror purified S. meliloti bacteroids to . at of
culturedcellsa o, 1 t . .alb. dulesanc ..  : ated i#i. alba roots o id.. C < ally
displayed proteins and > tease apari .1e contributions of each of t 2 (. o organisi st the nod
proteome. Protein abundance differences between bacteroids a cL :d cells of S. meliloti were
closely compared. These analyses show that there is @ massive change i *he metabolism of the
bacteroids v~ over 130 moderate to high abundance proteins being up-regiiatec and over 350
moderate to higrn abundance proteins being down-regulated:. A comparison of bacteroid and nodule
proteome patterns showed that the major proportion of the proteins in the nodule were of bacteroid
origin. Nevertheless, about 70 proteins occurred in nodules that were not apparent in either purified
bacteroids or uninoculated root tissue and these proteins are possible plant nodule proteins or
“nodulins”. N-terminal sequence and peptide mass fingerprinting analysis (using MALDI-TOF mass
spectrometry) were used to assign identity to over 100 of 700 bacterial proteins. Bacteroids
possessed down-regulated or repressed levels of proteins involved in the following processes: N-
acquisition, polyhydroxy-butyrate (PHB) syrithesis, cell division, and the acquisition of low molecular
weight compounds including carbon. Proteins involved in nitrogen fixation and stress proteins
involved in protein folding/stabilisation were up-regulated or induced in bacteroids. A more compieie
description of gene expression at the level of protein synthesis will be obtained by complementing
peptide mass fingerprinting dats the entire DNA sequence of the S. melifoti genome2. This work
shows that proteome analysis will provide an excellent strategy to bridge DNA sequence information
and their protein products and provide a foundation for functional genomic analyses.

1Natera SHA, Guerreiro N and Djordjevic MA (2000) Molecular Plant Microbe Interactions. {in press).

2Barloy-Hubler F, Capela D, Barnett MJ, Kalman S, Federspiel NA, Long SR, and Galibert F. (2000) J.
Bacteriol. 182: 1185-1189.
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....Lecture Abstracts

§$3-L11

ANALYSIS OF THE SYMBIOTIC GENE REGION OF BRADYRHIZOBIUM JAPONICUM WITH
EMPHASIS ON THE TYPE Il SECRETION SYSTEM

Michael Gottfert:, Andrea Krause!, Anke Doerfelr, Sandra Rathlis-Berger2 and Hauke Hennecke2
1 institut fur Genetik, Technische Universitat Dresden, 01062 Dresden, Germany
2 Institut fir Mikrobiologie, Eidgendssische Technische Hochschule Zirich, 8092 Zirich, Switzerland

In the soybean symbiont B. japonicum more than 30 nitrogen fixation and nodulation genes have
been characterized. The physical and genetic map of the chromosome reveaied that they are
clustered within a region of about 400 kb. Because of the complex interactions between the
bacterium and the plant, we expected that this chrcmosomal sector contains additional genes that
are involved in the maintenance of an efficient symbiosis. Therefore, we decided to determine its
nucleotide sequence. To this end, 410 kb have been sequenced. The overall G+C nucleotide content
is 59.1 %. The coding potential was analyzed with the program Glimmer (Salzberg et al. 1998.
Nucleic Acids Res. 26:544-548). Using a minimum gene length of 150, almost 400 ORFs are
predicted to encode proteins. 34 % of the predicted proteins show similarity to proteins of rhizobia.
16 % are similar only to proteins of other bacteria. No database match was found for almost 30 %.
Repetitive DNA sequence derived ORFs account for the rest. The sequenced region contains all
nitrogen fixation and besides nodM all nodulation genes that are known to exist in B. japonicum.
Several genes were found that seem to encode transport systems for ferric citrate, molybdate or
carbon sources. Some of them are preceded by —24/-12 promoter elements. A number of putative
outer membrane proteins might be involved in the interaction with the host. Unexpected was the
identification of a large cluster probably encoding a type lll secretion system. Recently, such a cluster
has been identified in Rhizobium sp. NGR234 (Viprey et al. 1998. Mol. Microbiol. 28:1381-1389).
Both systems share considerable similarity that also inctudes a putative regulator. In B. japonicum,
several secreted proteins were shown to be secreted independently of the type Ill export complex.
NotX, which was shown to be secreted in Rhizobium sp. NGR234, does not exist in B. japonicum.
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S4-113

NITROGEN FIXATION WITH A PSEUDOMONAS STUTZERI STRAIN, A FACULTATIVE
ENDOPHYTE OF RICE

N. Desnoues!, M. Linz, L. Ma, X. Guot, R. Carreno-Lopez and C. Elmerich

1WUnité de Physiologie Cellulaire, Département des Biotechnologies, CNRS URA D2171, Institut
Pasteur, Paris France.

2Chinese Academy of Agricultural Sciences PO Box 5109 P.R. China.

The P. stutzeri strain A1501 (formerly Alcaligenes faecalis) can fix nitrogen under microaerobic
conditions at the free-living state and colonise rice endophytically. The nucleotide sequence and
organisation of the nitrogen structural genes (nifHDK), nifTY, nifNE and associated ORFs are very
similar to that of Azotobacter vinelandii A set of genes was found upstream of nifH, sharing identity
with the rnfCDGEFH operon, involved in electron transport to nitrogenase in Rhodobacter capsulatus.
A DNA region containing rpoN was identified. ORFs downstream from rpoN shared high identity with
ORF2, ptsN, ORF4 and ptsO that are commonly found in other genera. Inactivation of rpoN fed to a
mutant strain with a Nif minus phenotype, that 1s also impaired in motility, histidine and nitrate
utilisation and too a lesser extent in dicarboxylic acid utilisation. Inactivation of RpoN associated-ORFs
led to a Nif positive phenotype, although nitrogenase activity of the ptsO mutant strain was
decreased. Several regions encoding rpoN-dependent transcriptional activators were identified. The
complete nucleotide sequencing of the regions carrying ntrBC and dctBD and dctP/A was
astablished. Mutants in ntrC and dctD were obtained. Both are Nif positive, although a NtrC mutant
does not display full nitrogenase activity. The ntrC mutant is impaired in nitrate and histidine
utilisation, while the dctD mutant was partly impaired in dicarboxylic acid utilisation.

Supported by grants from AFCRST and AFIRST.
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RECENT PROGRESS AND UPCOMING CHALLENGES IN RESEARCH ON ROOT-ASSOCIATED
NITROGEN-FIXING BACTERIA.

J. Vanderleyden
F. A. Janssens Laboratory of Genetics, K.U. Leuven, Kardinaal Mercierlaan 92, B-3001 Heverlee,
Belgium

Nitrogen-fixing bacteria, such as Azospirillum brasilense, A. lipoferum, Acetobacter diazotrophicus
and Herbaspirillum seropedicae have been repeatedly isolated in high numbers (> 10° CFU per plant)
from crop plants. Moreover, recent studies with rice, cultivated species and landraces, indicate that
the population of nitrogenfixing bacteria associated with a given plant variety can be quite diverse.
Reinoculation studies of plants with any of these bacteria, however, fail to clearly demonstrate the
added value for plant growth, a notably exception being Azospirilfum. In that particular case, the
observed plant growth stimulation is due to the bacterial synthesis of plant growth regulators
(phytostimulation) rather than to biological nitrogen fixation.

Studies of the nif/fix regulatory cascades of the so-called root-associated nitrogen-fixing bacteria
confirm the central role of NifA. Nevertheless, of particular interest are studies on the regulatory
role(s) of the Pll and Pll-like proteins, the post-translational control of their activities, and the
transcriptional regulation of the corresponding genes (ginB, ginK or ginZ). In A. brasilense,
transcription of the glnB-ginA operon is not yet fully understood, with different promoters involved and
an unknown regulator for transcription initiation under N-limiting conditions. Ammonium excretion
under diazotrophic conditions can occur in ginA mutants with point mutations, while glnA knock-out
mutants appear to be lethal. NtrBC control Is exerted on the amtB gene (ammonium transporter), nas
operon (nitrate assimilation) and ginZ gene (Pll-like protein). Analysis of the cytNOQP operon,
encoding the high affinity oxidase for growth under microaerobic conditions, suggests also redox
regulation of the nif/fix cascade.

The plant growth promoting (PGP) effect of A. brasilense is most likely only indirectly linked to the
nitrogen-fixation capacity (e.g. for survival in poor soils). Bacterial synthesis of phytohormones (1AA)
on the other hand is directly involved in the PGP effect. IAA biosynthesis in A. brasilense is subject of
complex regulation, with evidence that it is controlled by the plant. This so-called phytostimulation
effect is now being experienced with other root-associated nitrogen-fixing bacteria. An overview of a
selected number of root-associated nitrogen-fixing bacteria, taking Azospirillum as a reference, will
be presented. fFinally, a number of strategies on how to further exploit the potential of these bacteria
will be suggested.
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INTERACTIONS OF AZOARCUS SPP. WITH RICE: ROLE OF TYPE Vi PILI

Jorg Plessl, Juliane Dérr, Thomas Hurek and Barbara Reinhold-Hurek.

Laboratory of General Microbiology, Facu'ty of Biology, University of Bremen, PO Box 330442, D-
28334 Bremen, Germany.

Max-Planck-Institute for Terrestrial Microbiology, Karlvon-Frisch-Str., D-35043 Marburg, Germany.

Grass-endophytic bacteria of the genus Azoarcus spp. were recently found to be naturally associated
with rice. They were found mos. “equently and abundartly in wild rice species and land races of
Oryza sativa (75% or 80% of “:o0ded piants, respectively'  stly from Nepal, where a nigh ger
diversity of rice in rather undisturbed environments can stil be found. Protection of these genetic
resources may help to exploit the potential of novel endophytic diazotrophs. The new isolates allowed
the reamendment of the genus Azoarcus sensu lato, leading to the description of three new genera:
Azovibrio restrictus, Azonexus fungiphilus and Azovibrio oryzae, the latter being most frequent in
rice.

Essential factors for successfu: colo ization of rice roots by Azoarcus sp. BH72 are type IV pili. To
study environmental factors influe . : the expressio .evels 0. . e structural gene pilA,
transcriptional fusions with gusA were constructec. Equally ig t.ansc  on levels were found under
most culture conditions tested. However, when cells were exposed  starvation in a carbo .ree
medium, pilA::gus transcription levels © zreased 2.5 fold wi 7 Z ~ '~duction occurred alsc 2y e
non-metabolizable car{ - 1 source ¢ 'z -, indicating 1« ~anscs atona  gulation was 1oeed
dependent o *ne lack o 1n energy source. Upstrez  ~f* e pi \B operon, a two-component

regulatory system (pilSR) was encoded. Gene inactivatic = "¢ “ted that i* is the transcriptiz-al
regulator of pilAB: gene inactivation of pilRled to ad .. _ e/ "~anscription of pilA::gus. Delel” = 0
the gene of the putative sensor kinase pilS res.itec ... ar. _leva :d pilA:;gus trenseri - w'ich was
highly duced (13 fold, 1vacu .2-density conen en. e, .comparisonio . 2w type 2.5
foig;. P gust  C oy s err a 0 ou A3€ e res wcatee Lo
transct " aracl ¢ w35 e = D s, Foamtus . ). BET?2 s owew e w)
now L ¢ e transer 0 * ~la ru I T 1= advr o ypelV| aers o
anao in dense cultur 3 may iead -~ proved o¢ 2z i0~ 2 anew .0 .oy microcolonies.
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MOLECULAR ANALYSIS OF SYMBIOSOME BIOGENESIS IN PEA ROOT NODULES.

N. J. Brewin, E. Butelli, P. Dahiya, L.L. Guidmann, E.A. Rathbun, J.L. Vincent.
Department of Genetics, John Innes Centre, Norwich, England.

Symblosomes are unigue plant organelles - the product of a developmental pathway mvolving p'int
and bacterial cell differentiation. We have used a combination of biochemistry, molecular biology a d
genetics to investigate the biogenesis of plant components of the symbiosome. Using a “protec- 35"
approach, symbioscmes were isolated f »m pea nodule homogenates. A Golg-derived glycoprotein
component of e symbiosoma: fluid { rst identified using a monoclonal antibody) was subsequently
characterised as 2 ' 1e~ yer of the lep - 'actin gene family following cDNA cloning. Nodule lectin
(PsNlec) is a stro _y expressed late-nod:iti~: it is also expressed in nodule-associated transfer cells
and in cortical cells harbouring arbuscular mycorrhizaew. PsNLec1 1s physicaily very closely . ked to
its orthologue the vegetative bud lectin (Blec). The apparent rapid turnover of PsNIEC ... e
symbiosome compartment encouraged us to search for a protease activity. Cyste. e protease,
Cyp15a was identified by RT-PCR as a transcript up-regulated in pea nodules. (A sit  ar gene is up
regulated in nodules of Medicago and Lotus spp.). Using a polyclonal antiserum raised against
recombinant PsCYP15A protein, the antigen was localised ir the sy~ ~‘osome space: in uninfected
nodule cells it was found in vacuoles and ~ hali cytoplasmic vesiclest ‘Incidentally, this protease is
also expressec ~ wilted shoot tissue).

We noticed th: , in the symbiotically defeciive pea mutant Sprint-2 Fix~ (sym31), the targetting of
PsNLEC-1 was abnormal. In this mutant, symbiosome differentiation is apparently blocked at a very
early stage and the baceroids remain undifferentiatec = ierefore we used this mutant to isolated
transcripts of “late early nodulins” by suppression subtractive hybridisation. Among the clones
isolated are a number encoding membrane transport proteins and others that migh e involved in
vesicle trafficking. We have investigated two novel tra spc  2rs that couia mediate t.e delivery o° yet
unidentified compounds to or from the difiare a g oacteroids. Traiis-membrane = ent
exchanges are probably modified during nodule developmen® as part of symbiosome differ~  ition.

1. Balestrini R. et al. (1999) MPM! 12: 785-791
2. Dahiya P. et al. (1998) M 1:915-923
3. Vincent J. et al. (2000 Plz « ysiol 123: In press
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RHIZOBIAL BIODIVERSITY IN CHINA

Kristina Lindstrom and consortium.
Department of Applied Chemistry and Microbiology, University of Helsinki, Finland.

The aims of the project “rhizobial biodiversity in China” (ERBIC18ct960103) was to characterize
chinese rhizobial biodiversity resources, especially by using molecular methods for bacterial
classification and identification; to look for specific genes involved in stress tolerance; to match
rhizobial and plant genotypes by looking for molecular markers indicative of compatibility for high-
yielding, efficient nitrogen-fixing symbioses; to perform inoculation trials with selected plants,
rhizobial strains and other plant-growth promoting bacteria in several different regions and
conditions, to measure inoculation success and effect on soil quality; to monitor the fate of inoculant
bacteria and to improve inoculant quality, production and use. For these purposes, root-nodule
bacteria {rhizobia) that nodulate the introduced peanut plant [Arachis hypogaea), rhizobia that infect
the native legume Astragalus sinicus, and rhizobia from a wide range of wild native legumes growing
in areas subjected to environmental stress (drought, salinity, extreme temperatures and pH), were
sampled extensively, preserved and characterized taxonomically by using phenotypic and molecular
methods. A large collection of putative inoculant strains were tested on plants in greenhouse and field
conditions for assessment of yield, competitiveness, effect on soil, cross nodulation and osmotic
stress tolerance. Genes for salt tolerance from two strains were characterized and several collected
strains. Marker genes were introduced into rhizobia and used for field monitoring and inoculation
methods development.

The work resulted in a collection of about 500 taxonomice ly v ell described rhizobia containing

several new species, ¢ 1d I superior inoculant strains fc * sew \. sinicus and peanut in various
soil and ciin.. 'ic conc.zic and with different pee  cultivars. ¢t rfandrefe e ¢ rains can be
obtained rc 72~ ¢ ectder. Alist of stras 's ava biee - b s el n//www,
bior .ite  els <0/ reups/indstrom/ dextt o s Srita 1x@ oMy T H0Som:
seqg ence Rv Pa repPCR  : ewAF_ lingerprir™ ,: "' stake " *yusefortypi Ok

and bactor ' en ~ as 1 «i Cverstiy ead taxonomy  Cid 2 o ©  and reliable for large
numbers © sz~nlas. Se ;o Feelase cifferent .. s ¢ »hyHge. "¢ irformation such as

ribosor . 3S 270 23S PNA, 1A ¢ ., recA andi ~sy ol 2 rod genes yielded W " ation
abol’ "he evolution of ** : rhizehial geno s 'n relatio 0 viogeog. aphy. Exchange of strains and of
visiting scientists formed and importani nart of the work, 2ading to buildup of competence in the
chinese laboratories especially with respect to molec 'ar metl ods and bioinformatics.
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RHIZOBIAL DIVERSITY IN THE BEAN PRODUCING AREA IN NW ARGENTINA

0.Mario Aguilar and M.Verdnica Lopez.
Instituto de Biogquimica y Biologia Molecular, Facultad de Ciencias Exactas, Universidad Nacional de
La Plata, Calles 47 y 115, (1900} La Plata, Argentina.

The Andean region in the Northwest of Argentina (NWA) is considered as part of one of the two
American centers of bean domestication. In addition, the NWA is, with about 250,000 Ha, the main
bean prod zi~~ region of Argentina. We have initiated a project granted by the European Union aimed
to improve ic »gical nitrogen fixatic ‘n beans by exploiting ! 1e diversity of bean nodulating rhizobia
of NWA. The 'evel of bean nodulating rhizobia is high all over 3 NWA, ranging between 10¢ to 10°
thizobia/g soil. T+erefore, any project to introduce s :cessfully strains that were probed to be more
efficient | aboratory assays, have to *ake "~ considerat'~~ 1e competit  of this quantitative
significar .ndigenous populations as wel a- 1e complexity of such bean nodulating rhizobia.

In order to describe the diversity, we had applied molecular biology approaches to characterize the
genc es of rhizobia isolated from common and wild beans, and also from other wild legumes that
share t e habitat with beans. The 16S rDNA allele of R. etli was found to be predominant in the
popula ons isolated of cc  on bean and wild bean Phaseolus vulgaris var.aborigineus. RFLP
anar~'s © symbiotic sequences revealed diversity wi  ~ this group. Other populations of bean
nodi al 1g izobir 1at were re ievea from soils, hy Jd¢ 12 ceucaena as - apping host, but no. " und
in nature associatec 10 beans, ave 6StDNAa ~ s+~ r o Sino zobi:m fredii and to the

species Sinorhizobium s. ana o. “2ranga. S ce it nse ¢ ypes were recovered fror Jean

c pping soi's ..t were earlier fores areas, i maybe possit  * .1 ~se sciates evolved fror ree
s R E0DIA

wool (L. e oee0 st Cnbe rrhiz = -~~~ 5 3¢ci~tnd

U O [ S o 0"yt

Jracr (0 Y aoowwd 2000 L ise s s T )¢ s osoybei -t

a Ut 0 SC o scwadon, . ¢ ... Tes Degnied ipp. <

ew e,

~ st esv2vc h o~ S 10 C y o v oo ecfic bean
SR " oppearst cbe rtrec Y Te98C =y re i) SIC W€ S

ab :tc .y "7 Deans. e~ seecoingice ~ ¢ s 3 :pote e ¢ diversity

oo . ceeto.. will be disc. _sed

Supported by INCCGDEV ERBIC 28 ._80321
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AN INTERDISCIPLINARY RESEARCH-STRATEGY TO IMPROVE SYMBIOTIC NITROGEN
FIXATION AND YIELD OF GRAIN LEGUMES IN SALINIZED AREAS

C. Abdellyr, N. Amargerz, E.A. Aquani!, J. Aurags, E. 5. Serre  , F. Brhada4, J.J. Drevons, M. El
Khadir¢, H. Gherbiz, M. Jebarat, M. Kahdriz, C. ' =~ 4. 2ayre'. M. Sadikis, K. Saadallaht, O.
Schumnz, M. Soussi-,:, B. Sifiz, M. Trabelsis

1INRST, BP 95, 2057 Hamman-Lift, INRAT Ariana, ESA Mateur 7030 isie),

2INRA, BV 1540, 2134 Dijon,

JNRA, Place Viala, 3400C Mc p. er (France),

sUniversity of R 2¢ , BIAV Re e |
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crobic  olerance and resp »es *C these stresses, incluc “gthew ' fror ¢ . ‘aboratory ar..
'~ s based on the use of reporter genes to identify stress-induced loci and to study their role in
Jrvival and plant infection.

i..K. Ladha and P.M. Reddy (2000: The quest for nitrogen Jixatior. 1 rice. international Rice Research
Institute Press, ISBN 971-22-0112-0).
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AZOSPIRILLUM INOCULATION AND ITS AGRONOMIC APPLICATION IN MEXICO

J. Caballero-Mellado’ -, E. Von Scheven-Cordero?, G.R. Gonzalez-Cu?, and J.F. Aguirre?.

ICentro de Investigacion sobre Fijacion de Nitrogeno {CIFN), Universidad Nacional Autonoma de
México. Apdo. Postal 565-A. Cuernavaca, Mor., México.

“nstituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias (INIFAP). Serapio Rendon No.
83, Col. San Rafel, C.P. 06470, México, D.F. México.

Over the past 25 years a lot of field inoculation experiments with Azospirillum were carried out
worldwide. Positive responses to inoculation were frequently observed with significant yield increases
ranging from 5 to 30% (1). A number of companies have registered Azospiriflum inoculants for maize
(1,2). In Mexico, maize, wheat, and sorghum field inoculation experiments with Azospirillum were
successful with significant yield increases ranging from 20 to 70% {3; unpublished results). On the
basis of these data, a large field-inoculation program was carriea out in Mexico by the Ministery of
Agriculture's Research Institute (INIFAP) in collaboration with the CIFN-UNAM. 450,000 ha of maize
and approximately 150,000 ha of sorghum, wheat and barley were inoculated with a mixture of A.
brasilense strains using sterilized peat as carrier. The inoculant was produced by the Fundacién
Mexicana para la Investigacion Agropecuaria y Forestal A.C. Grain yields were evaluated in several
tens of hectares with diverse soils and climatic conditions, different rates of Nfertilizers, and a lot of
cultivars of maize, but also of sorghum and weat.

The preliminary results showed significant yield increases (average 25%) and are summarized below.

Plant species Inoculation success Grain yield increase
Maize (A) 95 1198 .
Maize (B) 62 7 6-43
Barley (A/B) 86 176
Wheat (A/B) 83 % 1058+
S o AB 62 7 647
A) Crops wihout N- B) Crops were fertilized with ¢ii'erei rates of X\

(1) Okon, Y. ~. Labandera. 1994. 3t . iochem. 26: 31-1801.
(2)Bashan, Y.z 21 o .1997.Ca~.,. crobiol. 43:103 2.
(3) Caballero-Melado, J. 21, 1993, Sy~biosis 13:243-253.
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MICROBIAL INOCULANTS FOR ENVIRONMENTALLY FRIENDLY, SUSTAINABLE AGRICULTURE

Ultan F. Walsh and Fergal 0'Gara
BIOMERIT Research Centre, National University of Ireland, Cork.

Mounting public concern regarding the environmental consequences of the continued use of chemical
fertilizers, fungicides and pesticides is fuelling the search ‘or more environmentally friendly
alternatives to agri-chemicals. Given these concerns, the use of microbia! ‘noculants for food
production is 10w seen as a real alternative to chemical treatments and has the potential to
contribute substantizlly to® the goal of environmentally friendly, - * ~.._ble agriculture. For microbial
inoculants to be accepted as commercially viable producis, however, nroven efficacy under field trial
cont 0°sis requirec. . addition, public acceptance of microb .. .cul. s, an. . particular
inoc a ;genet iz vinoo edfor o e ced efficacy, req es 2 assessmer,. of their ecological
i Hact, i clud ¢ ¢ fart ing ger microbia po; al 5. 7 ese key issies were addressed
ety ounoec ¢+ ST~ ograr 1993-1999 Ar 0 g: e "zl ants extersively assessed
« g course ¢ h~ ACT orogrt 1e was the ui( :¢7 ¢ age  reudoi ornac orescens
FI13, wic =f 3¢t e /cotre sucm 2imgc © “isease of sugarbe ~* seec  gs, ¢i 1sed ay Pythium

ulmon . 3 er ' ez I coHbi ~ ez, f-cace T 0g ‘PN order to
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S1-P1

ISOLATED FEMOCO CATALYTIC REACTIVITY: N, AND CO AS INHIBITORS OF C,H, REDUCTION

T. A. Bazhenova, M. A. Bazhenova, G. N. Petrova, A. E. Shilov
Institute of Problems of Chemical Physics; RAS, Chernogolovka, Russia

Studies of the substrate-reducing capabilities 2: the isolated FeMoco in non-enzymatic surr

showed thai F'eMoco couic reduce acetylene in some aprotic solvents (DMF, NMF, THF) us.1g * hSH
as a proton source and Zr amalgam (-0.84 V vs NHE) {l} or F.u amalgam (-1.4 V vs NHE) (Il) as
reducing agents [Bazhenovea, T.A. et ai. 1897, 2000). FeMoco was isolated from . e MoFe protein of
Azotobacter vinelandii usi  * e published method [McLean, P.A. et al. 1989,. " 1e qual y of the
FeMoco extracted was evaluated from itr iy to reconstitute the activity of FeMoco deficie « MoFe
protein in crude extracts of Kp 5058 [Hawkes T. R. & Smith B. E., 1983]. it has been founr * 1t the
enzyme reconstituticn: activity of FeMoco before and after the reaction in non-enz . aatic surroundings
was the same, so d ri g the z2actions the siructural . tegrity of FeMoco was retai ed. Steady-state
kinetic investigation of *  dreac ons ' isbeence edout. COwas showr to be a poter
uncompetitive inhibitor nf aceylene red ~ -~ CO does treac wit ‘eMoco withou: reductant. T «
Kifor CO variec wit * e pot. :al of *he r~ Jcing age * d cat gt at* different Fe oco oxide w
levels interact wi - CO differer /. For {1} CO b o~ c¢fCH redi~* :was reversit 2; Ki = 0.05
atm. For {ll} he vition co stants for C;H,a~ C, _“armation were different: Ki = 0.004 at™ *or
C,H,; and 0.009 atm for C,k . This means evidently i a distinct acetylene binding sites are inhibited
by CO differently. It was found for system (I} *hat N, alsc ~hibits acetylene reduction at low
unsaturated C 4. .ress re [Bazhenova, T.A. & al. 21999)]. The type of inhibition was shown to be a
competitive anc -eversit ., K = 0.45 atm N,. 7 e cons ini vaive fouad for ihe reaction catalyzed by
isolated FeMoco are ver ¢ m ar to those for w . type ¢ .J o-195 " nitrogenases [Dilwort” ~ .. J. =t al.
1998]. Sowe casi zonc letha itisg 5 2 »ob 1 anzymatic conditions such a siate of
isolated cofactor which is capabie to bind M ™o ¢

Supported by RFBR (N98-03-3229™* " AS (Ne 96-1573' - dor Topsoe Post Grac -+ Grant.

Bazhenova TA. et a.. (2997) Kinet. katal. 38, 316.
Bazhenova T.A. et al (2000) Kinet. katal. (in press;.
Bazhenova T.A. et al. (1999) Kinei. katal. 40, 851,
Dilworth M. J. et al. (1998) Biochemistry, 37, 17495.
Hawkes T. R. & Smith B. £. (1983) Biochem. J., 209, 43.
MclLean P.A. et al. {1989} Biochemistry, 28, 9402.
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ISOLATED FEMOCO CATALYTIC REACTIVITY: STEADY-STATE KINETICS OF ACETYLENE
REDUCTION

M. A. Bazhenova, T. A. Bazhenova, G. N. Petrova, A. E. Shilov
Institute of Problems of Chemical Physics RAS, Chernogolovka, Russia

The catalytic reactivity of the isolated FeMoco with respect to the reduction of C,H, was investigated.
These reactions were carried out in non-aqueous aprolic solvents (DMF, NMF, THF) with the addition
of PhSH to provide protonation of coordinated substrate. Zinc amalgam (-0.84 V vs NHE) (1) or
europium amalgam (-1.4 V vs NHE) (I} were used to reduce FeMoco for substrate binding and
reduction [1, 2]. FeMoco was isolated from the MoFe protein of Azotobacter vinelandii using the
column method [3]. The quality of the FeMoco extracted was evaluated from its ability to reconstitute
the activity of FeMoco deficient Mofe protein in crude extracts of Kp 5058 [4]. It was shown that the
activities for enzyme reconstitution of cofactor before and after the catalytic reaction in non-
enzymatic surroundings were the same, so during the reaction the structural integrity of FeMoco was
retained.

Steady-state kinetics of the reactions found was investigated. It was shown that under the influence
of different reducing agents (I or Il) the unlike redox levels of FeMoco were achieved and therefore
distinct numbers and types of binding site for substrates and inhibitors were detected. For (I) we
observed a normal hyperbolic response in Michaelis-Menten plot. For (ll) the FeMoco catalyzed C,H,
and C,H, production as a function of the C,H, pressure showed sigmoidal kinetics which is consistent
with substrate-induced cooperativity among 3 sites for C,H, reduction. The K, values for (1) and (II)
differ from each other indicating that distinct FeMoco redox levels react with C,H, differently. The
specific activity was found to be 3+5 nmol of C,H, min* nmol* of Mo for (I} and 40+60 nmo! of C,H,
min' nmol* of Mo - for (). The bell-shaped profile was observed for the dependence of the rate of
acetylene reduction on the source of protons concentration indicating a complicated protonation
mechanism of coordinated substrate [5]. Summarizing all results obtained we can conclude that
catalytic behavior of isolated FeMoco with respect to C,H, reduction is very similar to this one within
the protein.

Supported by RFBR (N298-03-32291), INTAS (N296-1503), Haldor Topsoe Post Graduate Grant,

1. Bazhenova T.A. et al. (1997) Kinet. katal. 38, 319

2. Bazhenova T.A. et al (2000) Kinet. katal. (in press)

3. McLean P.A. et al. (1989) Biochemistry, 28, 9402

4. Hawkes T. R. & Smith B. E. {1983) Biochem. J., 209, 43

5. Henderson R. A. {(1996) Angew. Chim. Int. £d. Ingt., 35, 946
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ANTIOXIDANT ENZYMES IN LEAVES AND NODULES OF TRANSGENIC ALFALFA
OVEREXPRESSING SUPEROXIDE DISMUTASES

M.C. Rubio?, K.J. Web" -, -ank R. M ~~c: M. Becana'
'Estacior. Experime * ' le Au'a ve’ CSIC, Apdo. 202, 50080 7~-3goza, Spain.
Institute of Grassland and tnviron:iental Research, Aberystw: | K

The superoxide d.. .. ase (SOC, " .7 :nzymes represe ' aprirar e of de 1se age 2
supe xiceradice w . veareachl e o L2r speciesiné organis 1s. /e have stu - ele e
¢ lox ter o angig ¢ 1. e wla roa ts .. z2dicasn sativa L. x Sinorhiz '’ 2liloty
102F78)0 7er e M= [ reeder Coransg. c. esoverexpressing SO .

SOD activity st~ 1g revea d* al » eaves conial he ee esof SOD (difering .. . ..._tal
at the active sitej =atci ~be‘ou  ~pec 5 ez ex. s s 3a  re cece

single bana of  tochord~ai* nSOMact /. ~ lest~ o0 e ~oerexp :ssNc ane S o,
mitochondria, el SODactivy a we cc ~ideracy~ e " Se war 18 0 7Sge. .

In contras:, two "1SODs were resolvec = s expre=~  'ico ah 15( "2 C 5.
Lines transformed to overexpress Arabidopsis eSOD c opla~*~snow  eeex awvéds of
FeSOD ac .y Nodules o7 .. a affalinesco = 1ed mla "1SC ™ e =eSC ™ sozy ies - Liose
foundin 1€ caves. . & ., (1ZnSC. sozymese damegdrHiaest  no >0 ¢ iy, as
yet unindertified, were ¢ 1se sec. Or y 25 zrexpress g MaSCD ™ :mitoc. . drii " ":aves
OVErexpressed * e rarsge ¢ SO P 0 es.. a w3 .Aaweakac” 135S
promoter in alfze a - »duies, a er  5¢ . les WSE 2500 Lo e ooodx
Altfor ! =shaclo "~ 7S it a3 NN SO; /o . aves e dioL. 3s,
indicating " “eSODper = s porte * - i0X i ¢ S oer i, s.aver .
superoxid. .dic.® 1 "¢ . otosy 1es,a £ Ti rase 20, ieerireseqg oz i,
cDNAenc . :al 3 odi” Fe”7D, 0 5 0y et 3 o0>nrT o voin
tiscie, 5 »norc. . o B L SoLto T ep - ¢ lozasiiza -~

ce ir «dby. dce larmac ..

TransT ot S W2 cC ey ofie, T, . .oTwMSs T ¢
FeSOD ~'astidi e taves ' g ramob s 2 Mo leisinvolvec T Coore ..t S
expre~ on and activi.y. 3ecaus  ~rrodi tr SCoac.vi 15,02, we also invest” e’y 7
the overproductior 0 1SOD end FeS’ 1 +t 2 3¢ .ercices . . aolivities 0. 2 peroy  e-
scavenging enzy es. However, there were nc ~ ° fererces 11 activ 5. asce  ate
peroxidase, gL 3co! peroxidase, and catalase - ie leaves 0" nod :s any (1 fgr es,

indicating that these activities are sufficient for peroxide scave  1g under norma cc 1€ s,
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GENETIC MAPPING OF THE MODEL LEGUME MEDICAGO TRUNCATULA

T.Huguet', P.Thoquet', M.Ghérardi', A Kereszt'?, J-M.Ané’, L Vilotte', N.Ventre'. G.Cardinet!,
L.Tirichine', J.Dénarié!, E.Baguerizo®, S.Santoni?, J-M.Prospéri?

"Laboratoire de Biologie Moléculaire des Relations Plantes-Microorganismes, CNRS-INRA, BP27,
31326 Castanet-Tolosan Cedex, France.

?Station de Génétique et d’Amélioration des Plantes, INRA, Domaine de Melgueil, 34130 Mauguio,
France.

3Present adress: Institute of Genetics, Biological Research Center, Szeged, Hungary.

Our objective is to construct a concensus genetic map of the diploid, autogamous model plant
Medicago truncatula to identify and clone genes and QTLs involved in agronomical traits of interest
(symbiotic genes, cold tolerance, resistance genes). From natural populations, homozygous lines
have been selected and crossed to obtain several F2 populations and F6 Recombinant Inbred Lines
(RILs). Introgression lines are in progress. The actual genetic map is based on a single F2 cross
between an algerian population and the Jemalong variety. This map comprises 348 markers (RAPD,
AFLP, isoenzymes, known genes, microsatellites and morphological markers) on 8 linkage groups
(2n=16) and covers 1400 cM (about 400 kb/cM). In collaboration with G. Kiss {Institute of Genetics,
Szeged, Hungary) we have established that diploid alfalfa (Medicago sativa) and M. truncatula are
highly syntenic. The screening of M. truncatula natural populations has allowed us to identify plant
lines having different requirements for Nod factors structure and/or displaying a strain x cultivar
specificity. The monogenic determinism of some of these characters have been demonstrated and
the corresponding genes have been mapped. Mtsym3 gene is involved in the resistance to nodulation
(Nod") by S. meliloti strains not producing O-acetylated Nod factors; it maps on linkage group VII.
Mtsym4 and Mtsym5 genes are involved in strain-specific nodulation (Nod"). Mtsym6, Mtsym7a and
7b, Mtsym& are genes involved in strain-specific nitrogen fixation (Fix). Plant lines showing a different
nitrogen fixation efficiency have been identified and will be used for a genetic analysis of guantitative
traits involved in symbiosis.
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STUDY OF GENE EXPRESSION DURING ACTIVATION OF DORMANT ADVENTITIOUS
ROOTLET MERISTEM.

Mercé Caturla Goni, Sam Lievens And Marcelle Holsters.
Department of Ple  Genetics, Vlaams Interunivers -ir Instituut voor Biotechnologie v.1.8.),
Universiteit Gent, K. . Ledeganckstraat 35, B-9000 Ger , Belg ~.

Sesbania rostrata is an an ‘eguminous plant from the Sahel region of West-Africa. As an
adaptation to growth in waterlogged conditions, Sesbania rostrata carries dormant adventitious root
primordia on several vertical rows along its stem. These preformed primordia can follow different
developmental pathways depending on the growth conditions or e.... 1al stimuli. Ai the distal part of
these primordia a dormant root meristem is located that becomes activated to form adventitious
roots upon immersion in water. This system presents distinct advantages to study the breaking down
of dormancy in the meristems because of the special topology, abundance, and predetermined
nature of the root primordia (MPM! 8, 861-824, 1995),

The aim of our work is to study gene expressicn upon water stimulation in order to isolate new
functions that are involved in the transition from a dormant to an active root meristem in Sesbania
rostrata.

A search for genes that are induced or enhanced by water was started using the ditferential display
technique. A pool of root primordia RNA and a pool of root primordia RNA previously painted with
water was compared. Different cDNAs were cloned and analyzed. Northern blot analysis confirmed a
water-induction of these genes. Some of the differential display products shared significant homology
to DNA/protein sequences in databases while other products revealed no identity to known
sequences.

Another approach has been initiated to search for water-induced genes: the suppression subtractive
hybridization (SSH) technique We have used a pool of root primordia RNA and a pool of root
primordia RNA previously immersed in water for 4 hours (time after which the cells are supposed to
reenter the G1/S phase). A subtracted cDNA library has been obtained. To identify the individual
clones that represent differentially expressed genes, a differential screening has been done. Different
cDNAs have pbeen cloned and sequenced. Quantitative PCR was used to check the water-induction of
the genes.

By the ditferential display technigue we have isclated water-induced genes that seem to be rather
abundantly expressed, whereas the genes isolated using the suppression subtractive hybridization
(SSH) technique seem to correspond to low transcripts. Combining both techniques will allow us to
work with a larger set of water-induced genes, and, investigating their expression 2atter - ight give
a broader insigt -~ ~ow *hose genes are involved in the dormancy break dov~ - eristems.
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GENOMIC ORGANIZATION AND EXPRESSION PROPERTIES OF THE MTSUCS1 GENE, WHICH
ENCODES A NODULE-ENHANCED SUCROSE SYNTHASE IN THE MODEL LEGUME
MEDICAGO TRUNCATULA

Natalija Hohnjec, Jorg D. Becker, Stefanie U. Wiemann, Alfred Pihler, Andreas M. Perlick, Helge
Kuster
Biologie VI, Universitat Bielefeld, Postfach 100131, D-33501 Bielefeld, Germany

We isolated and sequenced a sucrose synthase (SucS) cDNA from the model legume Medicago
truncatula. This cDNA (MtSucS1) contained a reading frame of 2418 bp coding for a protein of 805
amino acids with a molecular mass of 92.29 kD. Northern blot experiments revealed that the
corresponding gene is at least ten-fold higher expressed in root nodules in comparison to uninfected
root, stem and leaf tissues. On the protein level, SucS was detected in root nodules from a variety of
legumes including M. truncatula. Interestingly, an additional sucrose synthase of slightly larger
molecular weight was detected in uninfected root, stem and flower tissues but not in root nodules of
M. truncatula. From our expression and sequence data we infer that the MtSucS1 gene encodes a
nodule-enhanced sucrose synthase from M. truncatula. An analysis of a genomic MtSucS1 sequence
revealed that the gene consists of 14 exons. As common for SucS genes, the MtSucS1 gene
contains a large intron of 747 bp in the 5’ untranslated region. The transcriptional start of MtSucS1
was mapped and putative regulatory elements in the MtSucS1 promoter were identified {Hohnjec et
al. {1999), Mol Gen Genet 261: 514-522]. We analysed the activity of different MtSucS1 promoter-
gusAint fusions in transgenic roots and nodules induced on hairy rocts of M. truncatula und Vicia
hirsuta. In particular, we compared the activity of the MtSucS1 promoter covering the region -2050/-
19 with a promoter that was extended by the exon | and intron | sequences of the MtSucS1 gene (-
2050/+800). Interestingly, the -2050/-19 promoter gives an expression of the gusAint gene only in
the vascular tissues of roots and nodules and not in any other tissue tested. In contrast, the MtSucS1
promoter extended by exon | and intron | (-2050/+800) gives additional expression in the complete
inner region of the root nodule including the meristem as well as in the root tip. Hence, as shown for
SucS promoters of cereals, the exon | and intron | region plays a role in regulating the activity of the
MtSucS1 promoter. In contrast to the situation in cereals, we detected not only a stronger promoter
activity when including exon | and intron | sequences, but a different expression pattern in tissues
where the -2050/-19 promoter is not active. We currently analyze the whole-plant expression pattern
of the MtSucS1 gene by analysing transgenic plants containing MtSucS1 promoter-gusAint fusions.
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DEVELOPING THE GENETIC MAP OF DIPLOID ALFALFA (MEDICAGO SATIVA) AND
PERFORMING ITS COMPARATIVE GENOME ANALYSIS

P. Kalo, A. Kereszt, P. Kiss, A. Seres, Z. Kevel, T.H.N. Eliis*, G.B. Kiss
Institute of Genetics, Biological Research Center, Szeged, Hungary.
* John Innes Centre, Norwich, UK

A detailed linkage map of diploid alfaifa (1) has been constructed developing the basic genetic map
of alfalfa (2). Several markers on the genetic map of alfalfa showed distorted segregation ratios, in
most cases the overwhelming number of heterozygous genotypes were detected. The markers
displaying distoried segregation ratio hampered the determination of the linkage groups. The
disturbing effect of the artificial linkage could be eliminated by novel mapping procedures namely by
colormapping (3) and by using special maximum-likelihood formulas (4) to calculate the linkage
values. The detailed linkage map contains about 1500 markers, including more than 200 genes with
known functions. The 8 linkage groups span more than 750 centimorgans genetic distance. The
correlation between the physical and genetic distance is about 1300 kilobase pairs per ¢M taking the
haploid genome size of diploid alfalfa. The sequence of the 90 cDNA clone detecting 110 RFLP
markers on the linkage map were determined to increase the number of genes with known function.
The map position of different genes in alfalfa were compared to that of the orthologous genes
already placed onto the genetic maps obtained for M. truncatula, pea and A. thaliana. The map
comparison - performed in collaboration with Dr. D. Cook and T. Huguet - revealed high degree of
synteny between the alfalfa and M. truncatula genomes, while lower level of synteny, but still
significant conservation of the gene order in five linkage groups could be demonstrated between
alfalfa and pea. The synteny between alfalfa and A. thaliana was also studied by comparison the map
position of the genes coding ribosomal proteins. The comparative genome analyses allow us to
extend the genetic information obtained from the analysis of the model plants, such as M. truncatula
and A. thallana.

1. Kalo, P et al. (2000) Construction of an improved linkage map of diploid alfalfa (Medicago sativa).
TAG 100:641-657

2. Kiss GB et al. (1993) Construction of a basic genetic map for alfalfa using RFLP, RAPD, isozyme
and morphological markers. MGG 238:129-137.

3. Kiss GB et al. (1998) Colormapping: a non-mathematical procedure for genetic mapping. Acta
Biologica Hungarica 49:47-64.

4. Lorieux M et al. (1995) Maximum-likelihood models for mapping genetic markers showing
segregation distortion. 2. F, populations. TAG 90:81-89.
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TOWARDS THE MAP-BASED CLONING OF THE MSNN1 GENE REQUIRED FOR AN EARLY
STEP OF SYMBIOTIC NITROGEN FIXATION

G. Endre, Z. Kevei, P. Kald, S. Mihacea, P. Kiss, |. Kovanecz, A. Perhald, A. Kereszt, G.B. Kiss
Institute of Genetics, Biological Research Center, Szeged, Hungary

The non-nodulating (Nod) tetraploid MANC-1008(NN) Medicago sativa mutant is defective in early
plant responses, that is neither root hair curling nor cortical cell division occurs after bacterial
infection, therefore, this plant is thought to be impaired in the perception of rhizobial signal molecules
or in one of the first steps of their subsequent signal transduction pathway. A tetraploid F2 population
segregating the non-nodulation phenotype was used in Bulked Segregant A vsis to identify RAPD
markers co-segregating with the mutation. Some of these markers were mapped on the linkage
group (LG) five of the diploid Medicago genetic map. Several markers from this region of the diploid
map were tested also on the tetraploid population and proved to be linked to the non-nodulation trait.
Using different individuals from the diploid mapping population which are maternal or paternal
homozygous in this region, Bulked Segregant Analysis was carried out to isolate almost 50 RAPD
markers for this part of the genome. A number of them were selected to be transferred to the
tetraploid map and we could show that the order of the markers in the two populations was the
same. Meantime, we extended the tetraploid population to more than 4000 individuals in order to
start the fine mapping of the mutation. All individuals of the extended population were genotyped with
selected markers to identify plants carrying recombination on either side of the mutation. With the
help of the recombinant chromosomes the order of markers could be established around the
mutation. Tightly linked markers showing no, or 1-2 recombinations to the mutation were used to
isolate primary BAC clones from the genomic library of Medicago truncatula (kindly provided by Dr.
D.R. Cook; Nam et al. 1999, Theor. Appl. Genet. 98:638-646). To test the microsynteny between M.
sativa and M. truncatula in this region some of the markers were also mapped in M. truncatula and
their location and order were the same. The isolated end-fragments of the primary BAC clones
allowed us to identify overlapping clones and to build a contig in the region. We have started the
systematic sequencing of the BAC clones to identify candidate genes. The RT-PCR technique was
used to examine the expression of these genes. The sequence of the corresponding mRNAs from the
mutant and the wild type Medicago sativa were analyzed to find possible mutations. Transformation
experiments using Agrobacterium rhizogenes carrying different subclones/genes are under progress
to achieve genetic complementation.
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PEA (PISUM SATIVUM L.) GENETIC CONTROL OVER NODULE TISSUE DEVELOPMENT.

Tsyganov V.E., Voroshilova V.A., Koroleva T.A., Borisov A.Y., Tikhonovich |A.
All-Russia Research Institute for Agricultural Microbiology, St.-Petersburg, Pushkin 8, Podbelsky
Chaussee. 3, 189620, Russia.

To date more than 40 genes involved in control of symbiosis with rhizobia have been identified
(Borisov et al., 1999) in pea (Pisum sativum L.). The most part of them has been classified in
accordance with beginning of functioning at certain stage of infection process and bacteroid
differentiation (based on own data and that published in literature). As a result 8 discrete stages have
been defined for now (Borisov et al., 1999). In this study a set of pea symbiotic mutants was
analysed to determine the block of nodule initiation and nodule tissue differentiation. it was found that
some of the genes identified and classified take part in nodule initiation and nodule tissue formation.
As a results this to some extent parallel process was subdivided into 4 developmental stages: (i) Ccd
{cortical celi divisions) is dependent on the function of the genes sym7, sym8, sym9 syml0, syml14,
sym19, sym30 and sym35, (ii) Npd (nodule primordium development) is controlled by genes sym5
and sym34, (iii) Nde (nodule emergence) is under control of the genes sym2, sym36 and sym37,
Ndm (nodule tissue maturation) is controlled by genes sym21 and sym39. Identification of the gene
sym37 mutations in which block infection just after root hair cur 3 at *ne stage of infection ~ -ead
nitia on It ¢ noc 2 ssue develop ient a. .2 stage (N ™) as special  erest because itis
p cated . nal percepti governing hebogi g ¢ ‘ec on process bt not involved in early
¢« eps of nodule tissue d rentiation.

This work was supported by grants of Volkswagen-Si g, 7+ =~y (I/72 935) and RFBR (98-04-
49883).

Borisov etal., 1999. . ©  Te etine. 31; 1T 0
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CYTOGENETICS FOR THE MODEL LEGUME MEDICAGO TRUNCATULA

Olga Kulikova ', Gustavo Gualtieri', Rene Geurts', Cong-Jin Kim-, Douglas Cook!, Paul Fransz! &
T isse ¢

Deprr ™ nt olec  Jiology, Agriculiure < worsity, W . en, The Netherlands.

Depi = Pla *Pal ology ar Wi~ oliology, = :xas A& . rersity, USA.

*ResearchIns  ~ - Agrico wral b ¢ ology, St.-Petersburg, Russia.

Me cago ‘runcatula Gaerth. ‘harre ~ ~ic' have bson selec ~4 as 2 moder wegume for studies on
ohar’ crobe . Lracic T e ", 189 ; ook, | 999). ™o oat o crroodel systems s

ar olecilar cy hge ac'ablshed Yy J¢ng ISE o 227~ ceinsi - aybr fization) technique.
o . omapspre o2 Lo .oabc U e positic “tc¢ ' arkers ~3pec v unctional
« J0M SO ¢ €2 e .5.centror e 3, edmere, 2 eroi .0 7 0, and they are va 1 ye in the
conetr ot ns e raysica, DSa w.ADOSI .. L. 25 -aiegles.

isstudyt e eoori  of  :pac .ene keryo,pe ci M. L catulacv. Jemalong Al7 is
~ ~sented. The J¢ Ve z ® 'SBS o aser e 3 tthocentre tere index, size and distribution of

s aro~t oy sregic Y sombi ~ aesw CISH vl 5S DN o 455 rDNA and pericentromeric
repec W1 lowed e dentifica or  a ~  achy ~ 2 bivalerts.
The feas” "y stpacwy snec rc so  ~for- vt e ~ropingisce st ed by using BAC
cle e “(oere e 2C-1C0k Casprobes " Shizad oy et atior € e~ mgresolution for
thee hrom icpe - 7 ‘romosc eb5. ' equer ', yoridizi ic -~ PAC c'ones made possible
to as.. caromzicmes to genetically defined linkage groups.

Barker D., o S, Bonde ., Cattee Y., Duc G., Ess: - S, 7. P, Gallu. 7t Genier G
Guy P, M X, 0 et L, e tnar r L oG Huge oL lec cage . ¢ T2 ndel T T Ty
st~ 2 BLL r e A n e esv i3 3.l . 3io.Rep, 8
(1 ¢£)49
Cc 2k D. Medicago oot o -zmo e« 929: Currer . 0 i Plant Biology, 2:
301-304.
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( o CAL GENF * AND PHENOD ™ NALYS SO NO JIA DJN' !ADITIONAL

LEGI :S. EFcA( "CUMSA VUN .)IS T .. SCIEN FIC/ ~ - LUABLE AND
FRI 0 *ln ERMC 2lunAALYSISOF. N e T s,
Borisov A ' 1 !, Vorc VALY Stougezrc J., ard Tk

'’ Russia Researct '~_ " _for . 7 &l ¢ gy, St-Petere .z, Pust R Podbelsky

¢ ssee. 3, 18962° RUSS .
T s Univers”,, aboré ., . oo o 2xpression, Gustav Wieds ‘e 15, DK-8300, artis C,
De K

Up to date abc 8. e eplar 1+ el s a~ ¢ Hiotic genes {usually :erred sym genes) have been
Jetifiede d or™" - & *:*ieirone ~ -5 have been describec a (Borisov et al., 1999;
ps, er 1992). riemos r  zrous collection of symbio’'c . ints imore than 200
independertly - >tained and genetica ~  ~ssified ones) is know: for pea isum sa’ _. ard more
than 40 its sym genes have been ideritified to date (Borisov et al., 1999).
Despite the fact that pea is not a very suitable plant for . _.2cular biology, the existence of a
collection of phenotypically well characterised mute ..s int genes) makes it possible to use the
achievements of molecular biology in model legumes (e.g. Medicago truncatula Gaertn. and Lotus
japonicus (Regel.) K. Larsen) to study pea genes identified to date at the molecular level. For example
comparative phenotypic analysis of the mutants in the recently cloned and sequenced gene Nin of L.
Jjaponicus (Schauser et al., 1999) allowed the identification of pea mutants with a similar phenotype
and ope ed up a possibility to clone the corresponding pea gene. This demonstrates the importance
(along ¢ self-valuable data on genetic dissection of pea root nodule morphogenesis) of
continuation of classical genetic and phenotypic analysis of pea mutants obtained to date.

This work was supported by grants of Volkswagen-Stiftung, Germany (I/72 935) and RFBR (98-04-
49883).

Borisov et al., 1999. Pisum Genetics. 31: 40-44.

Phillips, Teuber, 1992. In: Biclogical Nitrogen Fixation. New York; London. pp. 625-647.
Schauser et al., 1999. Nature 402 (11): 191-195.
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EARLY EVENTS IN THE AZORHIZOBIUM CAULINODANS-SESBANIA ROSTRATA
INTERACTION

Marcelle Holsters, Merce Caturla—God, Wim D’'Haeze, Mengsheng Gao, Sofie Goormachtig, Sam
Lievens, and Willem Van de Velde

Vakgroep Moleculaire Genetica & Departement Plantengenetica, Vlaams Interuniversitair Instituut voor
Biotechnologie, Universiteit Gent, K.L. Ledeganckstraat 35, B-9000 Gent, Belgium

The tropical legume Sesbania rostrata is nodulated by its microbial symbiont Azorhizobium
caulinodans at bases of lateral roots and stem-located adventitious root primordia. The primary
bacterial entry of the host tissues is intercellular with the formation of infection pockets and
symptoms of cell death. The intercellular invasion as well as the induction of nodule primordia are
triggered by Nod factors. Stem nodulation presents particular advantages for transcriptome analysis
of early nodulation events by the topology, abundance, and synchronous development of the
predetermined nodulation sites. Differential display and suppressive subtractive hybridization have
been used to collect a series of genes involved in the early events of nodulation. The present state of
the analysis on the role in nodule initiation of a non-hydrolytic chitinase, a gibberellin-20-oxidase, a
peroxidase will be discussed. The role of secondary messengers, such as ethylene and hydrogen
peroxide, in nodule initiation has been studied. Bacterial and plant functions for intercellular invasion
will be examined.
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ISOLATION AND PARTIAL CHARACTERIZATION OF A HIGHLY REPEATED ELEMENT PRESENT
IN M. SATIVA AND M. TRUNCATULA GENOMES.

Pérez-Hormaeche J."?, Kulikova O3, Bisseling T.°, Kondorosi A*#, Palomares AJ.! and Ratet P.?
'Departamento de Microbiologia y Parasitologia. Universidad de Sevilla. 41012 Sevilla. Spain.
*Institut des Sciences Veégétales. CNRS. 91198 Gif sur Yvette CEDEX. France.

*Department of Molecular Biology. Agricultural University. 6700 HA. Wageningen The Netherlands.
“Institute of Genetics. BRC. Szeged PO Box 521. H-6701 Hungary.

Studying the sequences downstream the polygalacturonase gene MsPG3 we have found the
presence of a sequence highly repeated in Medicago sativa and Medicago truncatula genomes. We
have studied the difference in homology and/or copy number of this sequence between both species
by Southern-blot analysis. This element named “Scotty” ‘s represented by more than 705 clones in a
M. truncatula cv Jemalong BAC library, indicating that more than 280 copies of the element are
present per diploid genome in this plant, and around 16800 copies in M. sativa. The absence of
related sequences in other plant genomes strongly suggest that this element is restricted to
Medicago spp. By using a “Scotty” contai ng BAC in FISH experiments we have shown the ubiquitous
distribution © 4. truncatula genome ¢ ..is repeated element and/or other sequences represented in
the BAC. T e presence of plant retrotransposons nomologous sequences in the same BAC and its
possible relationship to “Scotty” are discussed.

This work was supported by grants DGESIC PB96-1268 and PB98-1158.
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EXPRESSION OF fnrN, nifA AND fixN GENES OF RHIZOBIUM LEGUMINOSARUM B\  CEAE
ATE STAGES OF >EA (¥ISUM S~ /UM L.) ROOT NODU "VELOPMENT.

Yoroe va V.A., Boes = ., J2 Tsyg - Boris WY, ! © "t Yand Priefer
J.B.
Jussia Rese: e - i viizrobict | .-Petersburz, Pustic:. 8, Podieisky ch.
3, 189627, Russie.
?Okologie des Bodens, Bialogie |, ' " "Aacher. 3205C .. .. 3ermany.
Expressio.. .”.  robial (R*" biumleg.  0Swo 1 . viceae)sy 20 Cge™nsy 0 da d ixN
was =~ ec . o . eal gz o0 O atsuwoced™tc e ouwv v

ages: SGUFix2 (sym33), .. RBTZ 'sym33, sy ~4( 2], SGEFix= ~ym4 * °, Sprint-2Fix (sym31;
3], RBT (sy .3, sym31}[3 and F 135f isyml3

. as bee cvealed *hat expressio - * ese rhizchial symbiotic genes takes place only i~ giant cells
contzining vacteric * ~'ch have bee~ ei  Jcytosea. At the same time genes farN, nifA and fixN do not
express “~ nodules of ~ itant SGEFix 2 (sym33) and double mutant RBT3 (sym33, sym40). Nodules
of thes~ Jtants are characterized by "locked” infectio . " -eads surrounded with abnormally thick
plant cell walls and do not provide endocytosis of bacte... o host plant cell cytoplasm [1, 2].
Results of this work show that, first, rhizobial symbiotic genes farN, nifA and fixNc are not expressed
in growing infection threads and, second, expression of these genes occurs only in bacteria
endocytosed into plant cell cytoplasm.

1. Tsyganov et al., 1998. MGG 256:491-503

2. Borisov et al., 1997a. Proceedings of 117 International Congress on Nitroge: Fixation, Paris,
France, July 20-25, p.345.

3. Borisov et al., 1997b. MGG 254:592-598

4. Knee at al., 1990. Plant Physiol. 94:899-905.

This work was supported by grants of Volkswagen-Stiftung, Germany (/72 9. 1d RFBR (38-04-
49883).
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S3-P1

PROTEINS SECRETED THROUGH THE TYPE THREE SECRETION SYSTEM OF RHIZOBIUM
SPECIES NGR234 PLAY DIFFERENT ROLES IN VARIOUS PLANTS SPECIES

C. Marie, V. Viprey, W.J. Deakin, X. Perret and W.J. Broughton.
LBMPS, University of Geneva, Switzerland.

Rhizobium species NGR234 nodulates more than 112 plant genera which are distributed among 26
tribes in all three subfamilies of the Leguminosae. Bacterial signals involved in the symbiotic process
include nodulation factors, polysaccharides as well as secreted proteins. The symbiotic plasmid of
NGR234 carries genetic determinants called rhc genes that are involved in the formation of a type
three secretion system (TTSS). In both animal and plant pathogens, the TTSS is an essential
component of pathogenicity and delivers proteins into eukaryotic cells. In the presence of plant-
produced flavonoids and in conjunction with NodD1, rhc genes are induced. Mutation of the rheN
gene, which encodes a putative ATPase providing the secretion machinery with energy, abolishes the
secretion of at least five proteins. They are called Rsr proteins (for Rhizobium-signal response): RsrX
(formerly NolX), RsrL (formerly y4xL) and three new ones, Rsr19, Rsr9 and Rsr7. These proteins have
an apparent molecular weight of 64, 37, 19, 9 and 7 kDa, respectively.

The phenotype of the rhcN mutant varies with the host tested. On some plants, nodule formation was
similar to that observed with the wild-type strain. On others, however, Rsr proteins appear to play a
role in the nodulation process since nodule number obtained with the rhcN mutant was either
significantly lower or higher. The various phenotypes observed do not depend upon nodule
structures. All three phenotypes were observed on plants forming determinate or indeterminate
nodules. Of the 232 plant species nodulated by NGR234 about 20 were tested for nodulation by the
rhcN mutant. So far, no correlation could be drawn between effect of Rsr proteins on nodule
formation and the tribe of the plant tested.

The genetic determinants of leguminous plants responsible for the various effects of Rsr proteins on
the symbiotic process remain unknown. It is possible that some plant species do not have the proper
receptor to recognise the bacterial secreted proteins. Alternatively, a component of the signal
transduction pathway involved in mediating Rsr perception might be modified in some plants.
Secreted proteins might also be recognised as virulence factors, provoking defence-like responses
rather than symbiotic processes. The goal of our future research is to determine where and how the
plant perceives the Rsr proteins.

m/5m
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S3-P2

CLC _IG AND GENOMIC LOCALIZATION OF CONJUGATIVE AND MOb: ABLE ELEMENTS
IN RHIZZ 1ETLL

Do 1guez, ., So ., ., Bror ,S% 0 vares,s.-.  Sa 1an,..

vepar el e licrobiolog ~de S y Sis 35S Ioticos. Estacion Experimenza. del Zaiain
SSIC. G- 1acd, Spa
* Prog de Genética Molecu e Plasmidos Bacterianos, Ceriro de restigacion souv . jacis
de N 3geno, UNAM. A.P. 565-A, Cuernavaca, Mor. México.

We have previously . . eex. ence.. .. p .mobilizable Job regi~ -~ Si~  zai -
meflol. Herewe /2p. L L o0 nNga w lE&. o dCé M0 SIJEa “b ‘orse -
transferable . __,” . )ele 1entsinanot 2r:yec 25, R eth Civ 2. his strain carries seve ' large
plasmids, . ac ditior. .o :cl omosome, b o0 r ~f. sepies ids fave bee ' owvir to be self-
conjugative .,. The proceu re described pr~ ~  ywas © owea '2). Several R. etli CFN42 deriv .
strains were ysed as donors ~ 7w tswo ~f zast - o diffe ntrecipie 30 ? etliand E. co..
Dor >rs were merodip ~'d populations carr ~ a genomic library from R. e . .. N42. Recipic: .»
acc g the cosmid supporting the e~ "' rary were selected, and the iden .y of the transferre
hy dcos dswasadeterminedbyre.. .7 n aialysis. About 10 non-overlapping cosmids contai ~
putal /e mob izable elements were isolated, which were confirmed to be either :obilizable frem R.
etir strains, or self-transmissible, as being able to promote self-transfer - o  other species -reiated
to R. etli. One of the clones identified contains the Mob/Tra regic~ fro1 1« e only selftra s ssible
plasmid so far ider .. 2d in strain CFN42 (see poster by Tu~-Garrido and Brom}, + ‘¢' = er
confirres the validic ' « “ our methodology to select for Mot /Tra elements. The genomic localize on
of ¢ 1 ese elemer v Dbe shown, and the possible re  onship among Mob™/Tra™ eleme:is i+ S,
melilol. 22d R. et ve discussed.

1.S.i0 - &.2000 T 44:34-43.
2.5 . aCerverz ¢ ¢ 1998.J. Bacis ’ oo
1ork was ~ re B 199.0904a ' 7 -OCNk DY T Zoope T Ll
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THE nir, nor, AND nos DENITRIFICATION GENES ARE DISPERSED OVER THE
BRADYRHIZOBIUM JAPONICUM CHROMOSOME

Socorro Mesa', Michael Gottiert? and Eulogio J. Bedmar'.

'Departamento de Microbiologia del Suelo y Sistemas Simbidticos. Estacion Experimental del Zaidin,
CSIC. P.O. Box 419. 18080-Granada, Spain.

*Institit fur Genetik. Technische Universitat Dresden. Mommsenstrasse 13. D-01062 Dresden,
Germany.

Denitrification is an alternative form of respiration in which bacteria reduce sequentially nitrate (NO;?)
or nitrite (NO,) to nitrogen gas (N,). This process implies the presence and expression of the
enzymes nitrate reductase (Nar), nitrite reductase (Nir), nitric oxide reductase (Nor) and nitrous oxide
reductase (Nos). The nir, nor, and nos genes coding functions for nitrite respiration, nitric oxide
respiration and nitrous oxide respiration, respectively, are assembled in clusters in Pseudomonas
stutzeri, P. aeruginosa, Paracoccus denitrificans, Sinorhizobium meliloti and Rhodobacter
sphaeroides. Whether this organization is representative of other denitrifiers is not known.
Bradyrhizobium japonicum species are Gram-negative soil bacteria which form N,-fixing symbiosis
with soybeans (Glycine max). In free-living conditions, B. japonicum cells assimilate and denitrify
NO; simultaneously to *NH, and "N, when oxygen concentrations are limiting. In this work we
report on the localization of the B. japonicum USDA110 nirK, norCBQD and nosRZDEFYLX genes on
the correlated physical and genetic map of the B. japonicum 110spc4 chromosome. Cleavage of
genomic DNA from B. japonicurm USDA110 by Pmel, Pacl, and Swal has been used together with
pulsed field gel electrophoresis and Southern hybridization to place the nir, nor, and nos
denitrification genes on the chromosomal map of 110spc4. Gene-directed mutagenesis was
performed by insertion of plasmid pUC4-KIXX-aphll-PSP into the B. japonicum selected genes.
Mutation of the genes resulted in the integration of additional recognition sites for the enzymes Pacl,
Pmel and Swal, and the aphll gene, into the chromosome of USDA110 mutant derivatives nirK
GRK13, norCB GRC131, and nosZ GRZ25. Restriction of B. japonicum USDA110 genomic DNA with
the mentioned enzymes yielded three, five and nine fragments, respectively. Pulsed-field gel
electrophoresis of restricted mutant DNAs resulted in an altered fragment pattern that allowed
determination of the position of the selected genes.

Complementary mapping data were obtained by hybridization using digoxigeninlabelled B. japonicum
USDA110Q nirK, norCB and nosZD as gene probes. Denitrification genes were dispersed over the
entire chromosome, being nirK, norCB and nosZD located close to groEL,, cycH and cycVYWX,
respectively, on the 110spcd genetic map.

Supported by DGESIC PB97-1216
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THE GENETIC VARIABILITY IN A NATURAL POPULATION OF SINORHIZOBIUM MELILOT!

Emanuele Biondi, Pietro Femia, Elena Pilli, Silvia Fancelli & Marco Bazzicalupo.
Dipartimento di Biologia Animale e Genetica, via Romana 17, 50125 Firenze.

Sinorhizobium melifoti is a soil bacterium able to infect Medicago sativa roots and to elicit the
formation of nitrogen-fixing nodules. The occurrence of multiple ISs and in general of Mobile Genetic
Elements could have a strong impact on the structure and stability of S, meliloti genome which is
known to be highly polymorphic in natural populations. Up to now, 13 distinct ISs have been identified
in the genome of S. meliloti. Some of them have been identified inside or flanking the symbiotic
genes.

In this study the molecular characterization of 4 polymorphic genotypes of the 20 kb nod region is
reported. These genotypes were found to be generated by the insertion of transposable elements
such as Insertion Sequences and Mobile introns of group Il in the intergenic regions. In particular we
discovered, in the intergenic region between nodQ and nodJ, ISRm3, ISRm10, Rmintl and a new
insertion sequence of 2804 bp. In the intergenic region between nodD1 and nifN we discovered a
5500 bp insertion. This large insertion seems to be a complex of two or more insertion sequences.
We concluded that in this particular region the genetic basis of the polymorphism is due to the
activity of Transposable Elements. We also analyzed by ISs fingerprinting and RAPD technigue the
relationship between the bacterium life inside the nodule and the generation of genetic variability.

m/9m



Tooopean Nl

¥ no,

AVAVEEN
. 1
] ' .
3
, -
' ~
: -
LUk

$3-P6

[
>
-
A
|
tn

s \
iS¢
e
SC e . C ¢
STION R s

’z



......Poster abstracts/ Symposium 3

S3-P7

RepA IS A NEGATIVE TRANSCRIPTIONAL REGULATOR OF THE repABC REPLICATOR GENES
OF THE pSym OF RHIZOBIUM ETLI

Miguel A. Ramirez-Romero; Rosas, Vania D.; Barrios, Humberto; Soberdn, Nora; Pérez-Oseguera,
Angeles; Tellez-Sosa, Juan.; lzquierdo-Sanchez, Javier; Cevallos, Miguel A.

Centro de Investigacion sobre Fijacion de Nitrogeno, A.P. 565-A. UNAM. Cuernavaca, Morelos.
México.

The symbiotic plasmid of Rhizobium etli (p42d), strain CE3, is a member of the RepABC family. The
members of this family contain three conserved genes (repA, repB and repC) and, alsc a conserved
intergenic sequence between the repB and repC genes. Recently was demonstrated that: a) The
repABC genes are organized in an operon; b} RepC is essential for replication; ¢) RepA and RepB
participate in the stability of the plasmid; d) RepA and RepB participate in the regulation of plasmid
copy number; e) RepA is a trans incompatibility factor and f) contain two incompatibility regions, one
located between repB and repC (inca), and the other, downstream of repC (incb) essential for
replication.

The transcriptional analysis of repABC operon is presented in this work.

The results indicated that the minimal promoter and operator region is contained within 127 bp
upstream of repA. The expression of the operon is negatively regulated by the repA product and the
putative binding site for RepA is one inverted repeat sequence of 14 nucleotides located in the region
61 to 84 upstream of repA.

The transcription start site of the repABC operon was found 57 bp upstream of the initiation codon of
repA. Upstream of this site, a sequence similar to the =35 and —10 boxes of the Escherichia coli
sigma 70 promoter consensus were recognized. A mutagenesis analysis of the putative -35 and -10
boxes will be presented.

To obtain more information about the promoter structure, 18 sequences upstream of previously
determined transcription start sites of different Rhizobiaceae genes were aligned. The resuits reveled
a substantial degree of similarity between all sequences with the consensus sequence of the
Escherichia coli sigma 70 promoter, however, the repABC operon is not expressed in this bacteria.
Finally, an alignment between the promoter regions of the RepABC family did not show homologies to
-35, -10 and operator sequences, however, a small region is conserved upstream the =35 sequence,
between Agrobacterium and Rhizobium etli.

Ellm
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THE COMPLETE SEQUENCE OF THE SINORHIZOBIUM MELILOT! STRAIN 1021 PSYMB
MEGAPLASMID

Stefan Weidner, Jens Buhrmester, Folker Meyer and Alfred Plhler
Lehrstuh! fiir Genetik, Fakultat fir Biologie, Universitat Bielefeld, Postfach 100131, D-33501
Bielefeld, Germany

The genome of Sinorhizobium melilotiis 6.8 Mb in size and consists of a 3.7 Mb chromosome and
two megaplasmids, pSymA (1.4 Mb) and pSymB (1.7 Mb). In an international effort the complete
sequence of the genome of S. meliloti strain 1021 will be established. The chromosome is currently
sequenced 1 the framework of an EU project coordinated in France. The sequence of pSymA is
establishedi . e US. The sequence of pSymB is under investigation by groups in Canada and in
Germany.

The French group of F. Galibert established m  mal sets of BAC (bacterial artificial chromosome)
clones covering each of the three replicons of «he genome of S. meliloti {1, 2]. The complete pSymB
was covered by a minimal set of 24 BAC clones. The individual BAC clones of the minimal set were
sequenced commercially in a shotgun approach.

Here we present the sequencing strategy and the annotation of the pSymB sequence. Sequence
assembly was done using the Staden software package. Annotation was performed using the GENDB
package developed at our university. GENDB is an UNIX-based integrated environment and is
designed to automatically assign as many different features to the gene sequence data as possible.
GENDB can gather and analyze evidence created by WWW or e-mail servers in combination with
locally installed tools. Clearly, the final decision about what an open reading frame encodes can be
made only by human researchers. Therefore, an interface that allows users to support or refute
GENDB results is implemented.

|11 Bar oy-Hubler, F., D. Capela, M. J. Barnett, S. Kali NLALTec el S. Ribor L Gadbert. 2000. J.
Bacteriol. 182:1185-1189.

(2) Capela, D., F. Barloy-Hubler, M. T. Gatius, J. Gouzy, F. Galibert. 1999. Proc. Natl. Acad. Sci. U.S.A. 96:9357-
9362.
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TOWARDS A MOLECULAR MECHANISM FOR RECOMBINATION ENHANCEMENT BY
REPLICATION (RER) IN RHIZOBIUM ETLI.

Valencia-Morales Edgar and David Romero.
Programa de Genética Molecular de Plasmidos Bacterianos, Centro de Investigacion sobre Fijacion
de Nitrogeno, UNAM. CuernavacaMorelos, MEXICO.

We have demonstrated previously that a region of the symbiotic plasmid (pSym), carrying most of the
nod-nif genes, presents a high frequency of rearrangements such as amplifications and deletions.
Both events have important consequences on the symbiotic effectiveness of R. etli. The
rearrangements are fostered by the presence of reiterated genet:c elements and an active
recombination machinery. Recently, we have shown that inductic~ -~ add "~ al replication in the
pSym leads to a thousand-fold increase in the frequercy of rearrangements, provoking the deletion of
the symbiotic region (Genetics, 154:971-983, 2000). We named this phenomenon as Recombination
Enhanceme { oy Replication (RER). RER is clearly due to an enhancems t i~ "omologous
recombinatio ; among its most interesting features are that i) it is restricted to the symbiotic zone of
the pSym of R. etli, not a ec’ 1g other endogenous plasmics, ..) RER is maintained even if the whole
symbiotic regic » as been {ranslocated into ano 1er pla: ic, and (iil) RER also operates on the
symbiotic region in the pSyms of other rhizobia, such as k. opic..

Since *he requisites for operation of RER (aregi ¢ « esy o ¢ plasmig, additional rounds of

replicatior, :presenceofare:c b alion sys 21 anc rei “vated sequences) are widespread
among the hizobia, we believe F.rRa - conmibitet t 2 nderse s | several problems,
such as the zeneration of new syr biotic plasm ds(S. "rc , -p  sned) and to explain scme
instances in t e literature regardi g nSyms in:5t." "ty. v a*ure, RER - ig  be activated through
processes such as co  2gration e veen pSy. _  d other replicor ' "1g acterial conjugation or
uncar perturbations of { w. . cOpy aurder co. rci.

The 3 L wowen 10 ¢ wyZoe voie s struciaral fo. res of the synointic re oo . . d whic'. genes are
respe 0 RER, In ~reer 1) enirate new s ;ainswiin moyc ooy o.c abil .2s. Some
prefiminary = > Jward” ' ~e  wi e presented.
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PHYLOGENETIC ANALYSIS OF THE REPC FAMILY OF PLASMID REPLICATION GENES

Sarah L Turner and J. Peter W. Young
Department of Biology, University of York, PO Box 373 YORK YO10 5YW, UK

There are more than 35 different repC sequence types (showing >20% sequence diversity) identified
in rhizobia and two other a-proteobacteria (Paracoccus versutus and Rhodobacter capsulatus). Up to
five different sequence types, each associated with a different plasmid, have been identified in a
single R. leg  ~osarum strain, suggesting that the different repC groups constitute different
con Hatibility ~roups.

This /0 0Mao Ygous, compa bie replication sequences is, so far, unique in plasmid biology.
™ U levelofvarie v - the rhizobial sequences suggests  ai repC pre-dates e divergence
of =" ;t growing rhizobial genera (Riizobium, Sinorhizobw ~ anu Wlesorhizobium). We ave recently
sho ... _:I*hese three genera diverged before leg '~ ~ ex sted, agreeing with an e¢  er assertion
thal the symbiotic genes, ' . are largely plas  d-borne - ese gerar-, had a sing e arizin and
spread amon, e Cifterer gener . Horizontal spread of sy  ofic genes is supported by the
observatic . a idertice sy iotic 2¢ s are associated with d™* . et repC sequences.

viev  oreser ry of rodc g yses o repC. Jcre sor fand symmiol’ s Cne sequences.
Tieser  ac assw e oCpoec e, 2orergoace of T L last-growirg ger o and if there s
ev  “nce for inter-species or | Us exu g ¢ repC.
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S$3-P15

NUCLEOTIDE SEQUENCE OF THE SYMBIOSIS ISLAND OF MESORHIZOBIUM LOTI!

J.T. Sullivan'’, J. R. Trzebiatowsk?, F.J. de Bruijn> and C. W. Ronson’
'Department of Microbiology, University of Otago, Dunedin, New Zealand;
MSU-DOE Plant Research Laboratory, Michigan State University, E. Lansing, MI, USA.

The Mesorhizobium loti symbiosis island is a 501.8-kb mobile, chromosomally-integrated element
which transfers to nonsymbiotic mesorhizobia in the environment converting them to Lotus
symbionts. It integrates into a phe-tRNA gene, reconstructing the gene at the left end and producing
a 17-bp direct repeat of *1e 3’ end of the tRNA at the right end. Integration is mediated by a P4
integrase located at the left end of the element. The island is representative of a class of elements
termed fitness 1slands which when acquired confer an advantage on the host under specific
environmental conditions. We have completed the nucleotide sequence of the island. The island has a
mosaic structure suggesting that it evolved in a step-wise fashion via multiple recombination events.
As expected it contains common nodulation and nitrogen fixation genes including some which are
spread across several replicons in other rhizobia. In addition the sequence revealed a wide range of
other genes. Such genes include those likely to be involved in transfer of the island, genes of
unknown f ction found on symbiotic replicons in other species, genes with no homologues in
current da abases, several putative regulatory genes, genes encoding cell meir:brane-associated
compone ts including porins, and an unexpected array of metabolic genes which may contribute to
“fine tun 1" of rioduie metabolism. The nuclec = seque ce provides a foundation to study
previously uninvestigated aspects cof the syrbiosis 1 zaf tiera' genomics approach.
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DIVERSITY OF BRADYRHIZOBIA ISOLATED FROM A WIDE RANGE OF FOREST LEGUMES
NATIVE OF GUYANA AND AFRICA BY ANALYSIS OF PARTIAL 16S-23S rDNA INTERGENIC
SPACER SEQUENCING

Antonio Munive, Roland Fetiharrison, Christine LeRoux, Eric Giraud, Philippe De Lajudie and Bernard
Dreyfus.

Laboratoire des Symbiose: ropicales et Méditerraéennes CIRAD/IRD/INRA/ Agro-Montpellier, TA
10/J, Campr ~ international  Baillarguet, 34398 Montpellier cedex 5, France.

Tropical rain forests are characterizac by ~ = v sity of pla * ~ecies. Or v 30% of the trees in
"2 wo 'd have been ‘nvestigatec for © r capacty “devalc ~gooitrog cfixit 3oyr bioses and only
te ' be "Ruzo' 17 7 roeg 5 ‘e~ lave bee )¢ anG racterised.
Cerizobia. ivarsity . T s beerrecetiys ud oy areirae al . 293, 1 998) using partial
16S 1ONA gene szquer ses. .. oiziad * 7 slow-growing bac RCRNN “Hdules  * 7 forest
les esnet ec Gy 3.. .ongie . 2 eneraAndira, D¢ 'be 3ia, v ¢ 2erium, 1c gofera,
y. 2, Cooriga ¢ Oest o 'm,irol L7 egl esna ..sClatnea’l or. _ ' the genera
> hac ot ra, f it e 24, Aimosa, Desmodiam Lo, Coog T Zeptrosema, Mucuna,
N oers erocaots, Eryi a0 ™ S maea s hrasa ianea, Pip ac ..y TAIE zia, and from 7

generes o 'c~~nscar, De be o~ 4 iy, Deer ™, o U BN d
repres™ ¢ '3 esbe g stceithc ¢~ o~ s ese 2_egl 10%ac. 1850 es
weree . el ', a " ¢ par " 5S-23SDN ! Spé er 1GS; o 216, tec 2
describeC ", """ se "7 a8y Care 1 'tre teogoarse g yrhizobie o

frem e cal trees.
Aoveirg, . S o, .. KoKerrsand AL . TD3.Sy ot opio 'H, 135
L),

v s K e L1548, ¢ 7 38CEGS,
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S4-P1

IDENTIFICATION AND EXPRESSION ANALYSIS OF A PUTATIVE BACTEROID TRANSPORTER
IN RHIZOBIUM ETLI CNPAF512.

Dirix G., Xi C., Vanderleyden J. and Michiels J.
F.A. Janssens Laboratory of Genetics, Katholieke Universeit Leuven. K. Mercierlaan 92, B-3001
Heverlee, Belgium.

Rhizobium etli CNPAF512 is a soil bacterium that interacts symbiotically with Phaseolus vulgaris,
thereby inducing the formation of root nodules. Screening of a R. etli CNPAF512 mutant library
resulted in the isolation of birA, bacteroid transporter A, a gene from which the product shows
homology with ABC exporters. The btrA-gene codes for a 715 amino acids protein with a calculated
molecular mass of 79 kDa. BtrA can be divided into two domains: a N-terminal part that probably
functions as a permease and a C-terminal part that contains the conserved Walker A and Walker B
regions of ATPases. A btrA-gusA fusion was constructed and the expression was tested in different R.
etli CNPAF512 regulatory mutants. This fusion was strongly expressed in bacteroids and could be
induced under free-living microaerobic conditions. Our results indicate that expression of btrA is
dependent on NifA and RpoN and also on the two-component system FixLJ. This is the first identified
target gene of the FixLJ system in R. etlf CNPAF512.
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S4-P2
DIFFERENT COND ONS AFFECT °~ E EXPRESSION ¢ RON-REGI ' ER
MEMBRANE PROTEI ..  SINORHIZOBIUM MELILOTI 242.
Federico Battistor = P -~~'_ E sto - KerryCare ", icle Aras' .. "0 _ .. nc
'Biochemistry Depa . Ck.swooota 3318 7 sideo. 11607 Uruguay.
notec  ogy'aboratory. Un"  'adde’ R_, i "ca. Mcntev dec. Uruguay.
SCentre for Rhizot™ St .5, S "¢ “.ligical St cesand Bic gy, . sion of Science

& Engineering, 1. “doc.. _.iiversity. Perth, Western. Australia,

It is generaily recognized . at iror. 's a key element for cellular metabolism. Despite sat d :eir
ce=ar L 0r s L L 0isallabl s + w. fliciobes have evolve = e sl g ©ai
rJtritional o which inc ide: (i) proc ictio and uptake of diverse siderophores, « - ilization of host
iror-dinding proteins, (i ) reductior o e t~* e -9st soluble form (Fe -}, (iv) enzymatic degradation
of iron-binding compo  ds and (v) prod ¢ o - oxins that may eliminate competitors for iron. A
commo ‘actir the first vo strategies is * e production of iron-regulated outer membrane proteins
{IROMPs,. Like most other microbes, rhizobia have more than one iron acquisition mechanisms. They
can use many compounds as iron sources: including their own, or exogenous . &* —siderophore
complexes, citrate, hemin and leghemoglobin. All of these Fe*— transport systems may require
specific outer-membrane receptors. The air  of . is work was to study conditions that affect IROMPs
expression in Sinorhizobium meliloti 242.

Outer membrane fractions were analyzed by SDS-PAGE (8.5% w/v polyacrylamide). The outer
membrane profile of irondimited cells showed at least four IROMPs with apparent molecular masses
of 200kD, 180kD, 153kD and 95kD. Prior growth history of cells affect IROMP expression. When
iron-suffizient cells were transferred an growr. in low-ron medium all four IROMPs could be detected.
But wher ron starved cells were transferred and grown in low iron medium, only the 95kD IROMPs
was present. Differential expression was observed on media with differen’ ~ _n sources. The 95 kD
protein ana siderophore production could not be detected on iron-imited medium supplemented
hemoglobin/leghemoglobin as iron source, where as all other IROMPs where still present. e
induction time of the IROMPs also varied. When washed iror: sufficient cells were transferred ta ron-
limited media, the 180kD IROMP was present after 120min, while the 200, 153 and 95 kD IROMPs
were not expressed until 150 min.

We thank M. D ~o1  for a 3 month stage of F.B. ir »is laboratory. This work was supported by IFS,
PEDECIBA . CONICYT-FCE.
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S4-P3

CARBON PARTITIONING [N NITROGEN-FIXING ROOT NODULES

Maria Ramenskaia, Philipp Wabnitz and Katharina Pawlowski.
Albrecht von Haller institute for Plant Sciences, Plant Biochemistry, Gottingen University, 37073
Gottingen, Germany.

Nitrogen-fixing root nodules represent strong carbon sinks. Sugar partitioning was studied in three
different symbiotic systems, namely a legume, Medicago truncatula and two actinorhizal plants,
Casuarina glauca and Datisca glomerata. The expression levels of sucrose synthase and genes
encoding sugar translocators in nodules and roots were compared, and the expression patterns of
these genes in nodules were analysed using in situ hybridization. In all cases, sucrose synthase
expression was induced in nodules compared to roots. Expression levels of sugar translocators in M.
truncatula nodules were much higher in hydroponically cultured (stressed) plants than in asroponically
cultured plants. Sucrose translocator expression was very low in C. glauca and D. glomerata
nodules, but D. glomerata nodules showed high expression levels of hexose translocator which could
be shown to be confined to the infected cells. Enzyme activity of three invertase isoformes {vacuolar,
apoplastic and cytosolic) and sucrose synthase was determined for roots and nodules. For M.
truncatula, no significant differences in invertase activity were found determined between roots and
nodules. However, in D. glomerata nodules, activities of all three isoforms were dramatically reduced
in nodules compared to roots. In C. glauca, the most striking effect was the high activity of soluble
acidic (vacuolar) invertase in nodules compared to roots. The interpretation of these data with regard
to sugar partitioning mechanisms will be discussed.
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$4-P5

REGULATION OF nif- GENE EXPRESSION, NITROGENASE ACTIVITY AND DINITROGENASE
REDUCTASE (NIFH) MODIFICATION BY MULTIPLE P,-LIKE PROTEINS IN AZOARCUS SP. BH72

Dietmar E. Martin' and Barbara Reinhold-Hurek' ?,

‘Max-Planck-Institute for Terrestrial Microbiology, Symbiosis Research, Karl-von-Frisch-Strasse, D-
35043 Marburg, Germany.

zLaboratory for General Microbiology, Faculty of Biology and Chemistry, University of Bremen, PO-
Box 33 04 40, D-28334 Bremen, Germany.

Plike signal transmitter proteins are known to be involved in the regulation of nitrogen assimilation
and N,-fixation in many prokaryotes. In Azoarcus sp. BH72 we reported for the first time the
identification of three functional P,like proteins, named GinB, GInK and GInY. Mutant analysis revealed
that the three proteins are differentially involved in the regulation of nitrogen fixation.

Expression of structural nitrogenase genes was measured by transcriptional nifH::gusA fusions.
Repression of nif gene expression in the presence of combined nitrogen (ammonia, nitrate) was
observed in the wild type and the ginB and ginK- mutant strains, whereas in the ginBK- double mutant
(expressing GInY) nitrogenase expression was not repressed. This indicates that GInB and GInK are
able to sense the cell's nitrogen status, resulting in inhibition of the transcriptional activator NifA. In
contrast, the novel third paralogue GInY, which is always present in its modified (uridylylated) form,
leads to constitutive nif gene expression.

We also observed differential roles of the Plike proteins in posttranslational regulation of nitrogenase
activity. Fast and complete inactivation of nitrogenase activity after ammonium addition was
dependent on GInK and AmtB, a putative ammonium transporter/sensor protein. Ammonium “switch-
off was shown to correlate with a modified form of dinitrogenase reductase (NifH) in wild type cells
but not in the ginB- and ginK- mutant strains, indicating that nitrogenase modification after ammonium
addition is dependent on both, GInB and GInK. These results showed that NifH modification is not a
prerequisite for the observed physiological ammonium “switch-off* effect and moreover, that another
yet unidentified mechanism controling nitrogenase activity is present. Furthermore, we detected a
modification of NifH induced by anaerobiosis which occurred only in the single ginB- and gink~ mutant
strains but not in the ginBK- double mutant strain expressing GlnY.

These results indicate that the Plike proteins are involved in different signal transduction cascades
controling nitrogenase activity and posttranslational modification in Azoarcus sp. BH72.
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METABOLISM IN PHASEOLUS VULGARIS INOCULATED WITH MUTANTS OF SALT TOLERANT
RHIZOBIUM STRAINS

Campos R’, Tejera N}, Olivares J?, Sapjuan J? and Lluch, C.

" Departamento de Biologia Vegetal, Facultad de Ciencias, Universidad de Granada. 18071, Granada,
Spain,

* Departamento de Microbiologia, Estacién Experimental del Zaidin. CSIC. Profesor Albareda, 1.
Granada. Spain.

Seeds of common bean (Phaseolus vulgaris) are widely used as a source of protein for human
nutrition in developing countries. This grain-legume is an important crop in many of the irrigated
areas where waters are frequently of low quality (Abbas et al., 1991). Salinity stress may dramatically
limit plant growth and crop productivity. However it is necessary to identify the involved traits on the
adaptation of tolerant plant to salt (Waissel, 1991}. Also in previous work, we have shown that
Rhizobium genes involved in salt tolerance under free-living conditions are also important for the
establishment of efficient symbiosis with Phaseolus vulgaris.

In our experiment plant were grown in a controlled environment chamber and a nutritive solution
without nitrogen source was applied. Plants were harvested at the beginning of the flowering. Growth
was evaluated by shoot and root dry weight, total plant dry weight, number and dry weight of
nodules. Nitrogenase activity was monitored by acetylene reduction activity (ARA) method (Hardy et
al., 1968).

We studied carbon metabolism as well as enzymes related to oxidative metabolism and senescence
in Phaseolus vulgaris nodules infected by salt-tolerant or salt-sensitive isogenic strains, which differ in
their ability to grow in saline media. Our results suggest that Rhizobium uses the same genetic
circuits for adaptation to stress inside and outside the root nodules.

Abbas MA, Younis ME and Shukry WM, 1991. J. Plant Physiol. 138:; 722-727.
Hardy RWF, Holsten RD, Jackson EK and Burns RG, 1968. Plant Physiol. 43: 1185-1207.
Waissel Y, 1961. In “Physiology of trees”., Ragavendra AS ed. John Wiley and Sons, pp. 359-383.

This work was financed by the projects INCO-950717 (Contract Number ERBICIBCT960081).
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S4-P9

THE FIXK, PROTEIN IS INVOLVED IN REGULATION OF NITRIC OXIDE REDUCTASE IN
BRADYRHIZOBIUM JAPONICUM

M. J. Delgado, L. Velasco, S. Mesa, M.A. Garcia Chaves, and E. J. Bedmar.
Departamento de Microbiologia del Suelo y Sistemas Simbidticos.
Estacion Experimental del Zaidin, CSIC. P. 0. Box 419. 18080-Granada, Espana.

Denitrification is an alternative form of anaerobic respiration in which nitrate (NO5) or nitrite (NO,") are
reduced seque tially to nitric oxide (NO), nitrous oxide {N,0), and, utltimately, dinitrogen gas (N.). The
reduction o iti.c oxide to nitrous oxide is catalyzed by the cytochrome c-and b-containing nitric
oxide reductase enzy ne. The norCBQD genes from the N-fixing Bradyrhizobium japomicum strain
USDA110 was isolatec anc sequenced. The deducec amino acid sequence exhibited a high degree
of similarity to nitric oxide reductase f»~ ~ Pseudor onas stutzeri, Paracoccus halodenitrificans, P.
denitrificans, and Rhodobacter sphaeroides, and v 1 the FixN subunit of the cbbs-type terminal
oxidases from B. japonicum and Rhizobium leguminosarum. Analysis of the sequence upstream of
the structural norCB genes revealed the presence of an anaerobox (tgcTCGATgegcGGCAAC), located
87 base pairs from the putative translational start codon. Mutagenesis of each norC and norB genes
resulted in strains GRC131 znd GRB993, respectively, that were unable to grow when cultured
microaerobically with either ni” ate or nitrite.

Membrane proteins fromw -type USDAZ1Z and mutenis GRC131 and GRBS93 cells were

separated by SDS-polyacryla de gel electrophoresis and stainec for covalently bo. "' :me
proteins. A membrane-bot . ¢-i' Je cytoc e vith M, 16,00C was . ‘_.octedinmen’ _
from the mut~ *s a3 ~GRC131,w :» 1t s sr teirs asthe NorC component of B.
japonicum USDAI19D ~  oranebou in ric xidee :taee 22 e,

Maximal expressior ¢ & nc ‘ClacZ o = JS A re ! ow veloxygerco 07sa .
the nresence ¢* 7 . " 'accofexprest cof -~ Z8yiem 2Bija e Lot K.
. tarisinc caie¢ 3t wCexpre. © deder o T2 OXy~ "~ 2t7orsive two-ce o
regulatory sycem, cixce e . .o r/F e T bidoiprce ' xK. T sconzs cwas
furt er corro ore yo2e o om0 T K tre Jjape >

with e fixK, gene.

Supported by DGESIC PB97-1216

m]03m



rr

S4-P10

~ o ' : T
v L r St - : ! -
- o ‘esa. -SL .
L2 ~ - N U v ' a ’
VK <5 S o .
Ry R R ta I
;- R & - - ' . ‘
~ v = ! ' ! ' I I
: - ! : ’ )
o o~ , . . -
> oo - '
. . . , ,
N - nd ‘ -
. .
N . . , , . . "
- N RN - '
.. . " . o o (N )
3( - ! i ] )
\ - . d~ < '
/ N ~n y ! ¢ ¢ I ‘
4 Ve - -
) , v
1] 7 ’ I
, e
) i > 3! - - .6 ' !
. 1 1 . 1 1 v ' -
¢ " N v
- y ~ ' ' ’



... Poster abstracts/ Symposium 4

S4-P11

AN INCREASED CARBON FLUX IN PEA NODULES DOES NOT LEAD TOANEN =~ :D
NITROGEN FIXATION

Pablo M. Cabrerizo, Es er M. Gonzélez, Ped y M. Apa cio-Tejo and Cesar ¢ . 3elgor
Departamento de Cie 1as de' Medio Netura.  iversiuad Pub'ica de Nava a. E-31006 , ona,
Spain.

It has been recently shown t~af nodule r  oge~ 7ixation and sucrose sy "= ~e (SS) activities are
highly correlated. * " is way. e dow~reg atior of SS seems to cause ¢ ecline i nitroge * fixe
under a wide range * _ anmel ' ci Zu staces and also in different species. Recer evic B
seems to point out 1a. SSmavco "0 -oger fixation and 10t the opposite (see Gélvez et al., '’
Conference). Thus, .squitc ..mn . .. speculate or. "ie nossibility of enhancing nitroge . 7 zlion

through an increase . no  : SS ac vity. Although, sever: engineered pla . Mesw’ ™~ ‘reasec SS
activitr may be available soc » an alternative ¢ . 3i ple ethoc o increase both SSarici o . Ix
inno¢ esistoenrance v sy atea  wil . iscan eaciievec by gro . ar S &
elevate~ CO, concer -~ 2000 pmolmo .U er secondiiions, ~oduies have ¢ ¢ :ased
conte * of sugars anc organic ac'ds together wit € ~nced activities ¢ a sig  ican” er n”
enzymes of carbonan  —oger meatabol's - * ¢l g SS. Wher  -oger fixat -~ ac' vity was

assessed by e clas ":al acetylene reductior assay, nodules grown at elevated CC_ha ¢ ~act y
six-times highe thar nodules grown at ambient CO, concentration. However, nitroger ixa on
determined as I evolution was virtually identical in both sets o7 lants. These results st . gly
suggest that noc. e r ..ogen fixztion .5 'te¢ beil by carbor. and oxygen and, ¢ _lore,
perspectives for enhanc 3 legume nitrogen ..ation should take intc account both aspects ot nodule
physiology.

Supported by DG VT PB93-0667 and DGESIC PB98-C&1" . PC is the rolder of ¢ grant irom 'he
Universidad Publica ¢ - Navarra.
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S4-P13

THE SIDEROPHORE SYNTHESIS AND UPTAKE vbs AND fhuA GENES OF RHIZOBIUM
LEGUMINOSARUM: THEIR STRUCTURE, THEIR REGULATION AND THE GENES AND SIGNALS
THAT CONTROL THEIR EXPRESSION.

Kay H. Yeomar . Penny S. Worsley*, Robert. A. Cartero, Kerry C. Carson*, Michael J. Dilworth*,
Andrew W. B. Johnsto

P School of Biological S~ie ces, Univer: . ast Anglia, Norwich, U. K.

“: Centre for Rhizobium S .idies, Murd ~ © iversity, W. A. 6150, Australia.

Nitrogen-fixing bacteria have a pariic. - “dema fr e m™ew o Stre asof ROcobiur
leguminosaru:r: bv. viciae makea = - ydroxame e sidero] ~ar ,vic »ac , vicib ¢ o
complexes bekig importe? by ¢ ' dicate ran¢ort syster 7' We ~ac id . ~' ACDB ¢
that are needed for vicibact . ‘ake (2,3).. Here we describe ev sge  ‘*~“are  mlvec e
synthesis of vicibac ~ .. .arge vbsS gene, v.hich encodes the " - o a'syr "2, & vbs”
which specifies . roxy ase are . i._ same operon.: s.° ‘akedtorpc'age - e Cor
sensitive extra-cy op 1s ¢ EC.,o.acor(4)andto i . .chosoecifies . » chact
membrane receptor. Like = e ¥ e =2s, vbsSO are exp essec  .ree-ivirs cells only i e i_ . :a ce.
Interestingly, both vbsand *  area~ 1c s+ ¢ e ¢ dacemiLsandbo .vbsancf . al.
cer fix N, "oare yrorma y ez nodt ~t0 a5, vocibac das 0 e N oe 2 &gl car s

source 0" "lles, des™ 2 ivever ~avyd~ma o R B S

Either ('rectly or indirec ™, the ™ ¢ "ac-o* Rpo' 1€ 3¢ “he anser pl cof vbsSO.

rpolitse i1sreguated by aco lexse” [ c¢is-andtrar < 0 eg cooero ot (0t

factor R tewel wow “goobe.tra scripto gl ¢ FL ¢ vbsexpress T i pe

describe . s w Z30p et DNgress: S _ori o ac. ~satchofthe Rpoo e ‘

- e-depe rec oript o 5 ). .

“he rcasons wl oy oxar 2 .ptike t te 0 ; S - NN pe ,  reasthe
. vale an - ragy zoww " ¢ e 3 u. o Pera

Co ... "7 aast: p0scoaereast of C 7 oenne o gssed.

1. Divee 0, oo . 77998,. oLl 144, 781-7¢ .

2.cc3r ,.oelz 0990, X0 ), 77T

3.Yeomr Kl e 70 i O 7820837

4. Yeoman, KI. . 739¢ " " 772/894.999,
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S4-P17

IDENTIFICATION AND CHARACTERISATION OF A HEME UPTAKE SYSTEM IN
BRADYRHIZOBIUM JAPONICUM

A. Nienaber, H. Hennecke and H.M. Fischer.
Institut fir Mikrobiologie, Eidgendassische Technische Hochschule, CH-8092 Ziirich, Switzerland

Rhizobia are able to use heme as the sole iron source i1}. We ~ave identified a gene cluster involved
in heme uptake in Bradyrhizobium japonicum, the nitroger “xing soybean symbiont. Predicted
products ¢ . ese genes include an ouier membrane protei | ymologous to the TonB-dependent
heme transpor »r HasR 0 1 Se -atia marcescens, a periplasmic heme-binding rotein and an ABC
transporter aescribed as el and .er UVW, respectively, in Yersinia enterocc™ ~a. The hasR locus

is direci™ ked o7er -,e ~ T proeinsw 1est . artytoaTo o 2xbBD system in
Pseudomo as p liva. Jr Y2 w atype, B.japonictt o R~rexbD- B Viuoar s are unable to
use hemogiobi , - - "agobi orhte~2assole 0 s sedl 7 ee vi g arow . By contrast,
the symbiotic pl  Htype 2F 1e asR - ant (ho 0,1 07 ~fxa o s. stinguishable from
the wild type w’'._ assayed four weeks afte = fectio~ ¢’ ~0_Jeans. C e *y, we are investigating a
poteriia role ¢. . e heme acquisition sys' . ‘er 'ro "mited sy  ofic conditions. Regulation of
the newly id.. if :d her 2 ptake syster wvas ¢ died: ™" . help of ranscriptional hemT- and hasR-
aCZ7US 1S, LAPTESSI0 « o .5 105 as cIced iz - 1atlowiron conditions {< " )in free-
g ce ls. 0 ~antrc was depe e o S OL.. Or -Ji, two recer ' identified iron-regulatory
proteinsi 3. ‘aponi ‘™ rar  p app ! €xpec S eC < et cation of putative -10/-
3t ypepre otersa o« cC . naingre, ¢mo oc Lo aro D o . -62 and-52, upstream
of *re transcrt o ha e 2 diverger  crien wod e T, ar R genes.
) P '
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S4-P19

INCREASED EFFICIENCY OF NITROGEN FIXATION AND ALTERED CARBON METABOLISM IN
ALFALFA NODULES ELICITED BY SINORHIZOBIUM MELILOT! ntrR MUTANT

B. Olah, E. Kiss, Z. Gyorgypél, |. Dusha
Inst. of Genetics, Biological Research Center, Szeged, Pob 521, Hungary, H-6701

In the nitrogen-fixing root nodules of Medicago sativa induced by its symbiotic partner Sinorhizobium
meliloti a very close interaction is formed between the bacterial and plant metabolic pathways. Under
conditions of nitrogen limitation, bacteroids convert atmospheric nitrogen to ammonia and provide
nitrogen also for alfaifa. In turn, the host plant supplies the bacteroids with carbon source and
energy. The symbiosis formed between the S. meliloti ntrR mutant and alfalfa was used to study the
interdependence of these processes in nodules.

The ntrR mutant of S. melifoti displays increased nodulation and nitrogen fixation efficiency especially
in the presence of fixed nitrogen. To explain the molecular mechanisms resulting in a higher dry
weight and nitrogen content of alfalfa when inoculated by the ntrR mutant, the expression of nifH and
nifA was determined. Both genes showed an elevated level of expression compared to the wild type
nodules, bath in the presence and absence of exogenous nitrogen. Contrary to previous data,
ammonium in the medium resulted in a reduced nif expression both in wild type and mutant nodules.
Our results suggest ihat the higher dry weight of alfalia is due to the elevated nif gene expression in
the mutan{ nodules, and inc cate t a. nfrR may control nif genes via NA. The higher rate of fixed
rirogen product  rayrec rea ,aerrate of carba supply o . 1e plant. The main source of
reduced carbc fcrno les ss ¢ ethatisconve :d-yma e end succinate, rep 2senting ire
utilizable for- s -~ carb ¢ r bac =rc ds. We ex¢ :d w e 1er “he expected g er carbon
requirements of * ¢ ‘Rmutant ind ced a altered e: yessior of sucrose sy e, PEP-carboxylase
and malate d- y¢ ogenase genes ¢ iIco  ~enzymes ¢ e pa vay'eading from sucrose to malate.
Carbonic anhydrase inve® 2¢ = ier xat »n of CO.. veleasea ¢ - " -ive respiration, was also
tested. Allexec In ° 1es excert sucrose synthase were expre ! %* an ncreased level in the
mutant nodules.
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REGULATION OF GENE EXPRESSION IN RESPONSE TO OXYGEN IN RHIZOBIUM ETLI: ROLE
OF FNRN IN FIXNOQP EXPRESSION AND IN SYMBIOTIC NITROGEN FIXATION.

Mario Soberon!, Oswaldo Lopez*, Maria de Lourdes Girard?, David Romero?, Claudia Morera' and

Juan Miranda!

' Departamiento de Biologia Molecular de Plantas. Inst de Biotecnologia, U.N.A.M., Apdo Postal
510-3, Cuerravaca, Moreins 6227 . México.

# Centro de ‘nvestigacion sobre  ~cion de Nitrégeno, J.N.A.w"  2do. Postal 510-A, Cuernavaca
Morelos, México.

The genes v’ * °, ode forabacte " ... . 'oxidase, ' noted as the = ie “erminal oxidase
cbb;~ave <. .. iedas " : xNOC. oderon.’ Shc. _ " axpression of the
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S4-P23

NITROGEN REGULATION IN KLEBSIELLA PNEUMONIAE: PROTEIN-PROTEIN INTERACTIONS
AMONGST NTRB AND NTRC DOMAINS.

Paloma Salinas, Isabel Martinez-Argudo, José Martin-Nieto, Sergio Burillo, and Asuncién Contreras.
Division de Genética, Universidad de Alicante, Apartado 99, E-03080 Alicante, Spain

In Klebsiella pneumoniae, signal transduction in response to nitrogen availability is mediated by the
two-component regulators NtrB and NtrC. NtrB, a bifunctional histidine-kinase, modulates the activity
of the response regulator NtrC by phosphorylation. NtrB is a tight dimer capable of switching
between opposing kinase and phosphatase activities. This switch, mediated by Pll according to the N-
status, requires the integrity of the amino-terminus of Ntr8, which is not conserved among histidine
kinase proteins. The carboxy-terminus of NtrB (transmitter module) posses similarity to other histidine
kinases and has been shown to be responsible for NtrC regulation. Function of NtrC as a
transcriptional activator depends on phosphorylation of its N-terminal domain by NtrB.

To contribute to the understanding of signal transduction by NirB and NtrC proteins, we have used
the yeast two-hybrid system to probe interactions between full length and individual domains of NtrB
and NtrC from Klebsiella pneumoniae. Protein fusions of NtrB, NtrC, and derived polypeptides to
GAL4 activation and DNA-binding domains were generated. Domain boundaries for NtrB truncated
derivatives were chosen to separate sensor (S), phosphotransfer (H), N box (N) and kinase (G)
domains. Domain boundaries for NtrC truncated derivatives separate receiver (R), catalytic (C), and
DNA-binding (D) domains. To determine the ability of two given polypeptides to interact, we
determined expression of both GALI:lacZ and GAL1:HIS3 reporters in strains of Saccharomyces
cerevisiae Y190,

Results confirm previous data on NtrC association states and indicate that the sensor domain of Ntr8
provides the dimerisation | terface, wiich is at variance with results in other systems. In addition, our
data indicate a stro g  raction between NtrB and NtrC, whict «  ps to the phosphotransfer
domain of NirB and to ihe receiver domain of NtrC, indicating 2" reco o~ st ic y in this two-
component system coes not involve interactions between =~ -faces o tsiue the transmitter and
receiver domains. In adaition, :he data suggest that dimerisation ~* “~zelver domain 1s important
for transmitter recognition.

mll7m
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EXPRESSION OF PLASTID-LOCATED GLUTAMINE SYNTHETASE IN ROOT NODULES OF
MEDICAGO TRUNCATULA.

Melo, P!, Lopes Cardoso,!, Carvalis, HY, Cullimore, J?

* Instituto de Biologia Molecular e Jelular, R. do Campo Alegre, 823, 4150 Porto, Portugal

? Laboratoire de Biologie Moléculaire des Relations Plantes-Microorganismes INRA-CNRS, BP 27,
31326 Castanet-Tolosan Cedex, France

Glutamine synthetase (Go 5 an essentia, e zyme in nitroges inetabolisr.. of higher plants. In
legumes, GS plays a key * :in oot noduie be 1g responsible for .ae assi  ation of ammonia .
is released at high rates by ritroger xi g * 1z9bia. In the model legL e, M. truncatula, gs 1s
encoded by only three expresses ge¢ -, one that codes for a plastid-located polypeptide m..gsd)
and two encoding polyneptides localisec ~ the cytosol (mtgsa and mtgsb) (Stanford eta *993). It is
generally accepted t al 1e ammc excreted fro . e bacteroids is assimilated by e cyto-

GS which is abundantly preser i .he fected cells. However, plastidial GS isoenzymes represent a
significant part of GS activity i odules of M. truncatula (Carvalho et al, 1997). The aim of this study
is to clarify the importance of nodule mastidial GS in the legume-Rhizobium symbiosis.

A full-length 1.55 kbp GSd ¢cDNA clone was isolated from 2 nodule cONA library. The ¢cDNA encodes a
428 amino acid precursor to the plastid GS polypeptide, including a transit peptide of 49 aa. In order
to determine the kinetic properties of the plastid GS we have expressed the cDNA, withou* the = al =+
peptide in Escherichia cof. The £. coii produced enzyme was catalytically and physiologicaily ac' ve
as it was able to rescue a ginA geletion mutant by complementation. The expressed polypeptides
were of the correct size, as revealed by western blots, and the isoenzyme behaved similarly to their
native iiomologues on ion-exchange chromatography.

Northern and western blot analysis showec at expression of GSd is enhanced during effective
nodule development. By contrast ineffective nodules express MtGSd at much lower levels. These
results strongly suggest that the plastid isofor:» of GS performs some important role for nitrogen
fixation.

Carvalho H, Sunkel C, Salema R, Cullimore . :1997) Plant Mol. Biol 35: 623-632.
Stanford C, Larsen K, Barker D, Cullimore J (1993) Plant Physiol. 103: 73-81.
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S4-P31

THE fixN REITERATED GENES IN RHIZOBIUM ETLI CFN42 ARE DIFFERENTIALLY
REGULATED BY AN UNUSUAL FixL-FixK CASCADE

Lourdes Girard', Susana Brom', Araceli Davalos!, Oswaldo Lopez?, Mario Soberdn?, and David

Romero’.

' Programa de Genética Molecular de Plasmidos Bacterianos, Centro de Investigacion sobre Fijacion
de Nitrogeno, UNAM. A.P. 565-A, Cuernavaca, Mor. México.

¢ Departamento de Biologia Molecular de Plantas, Instituto de Biotecnologia, UNAM. A.P. 510-3,
Cuernavaca, Mor. México.

For most Rhizobium species, two regulatory cascades (the FixL-FixJ-FixK and the NifA-RpoN
cascades) have been described. The FixLJ and FixK proteins are the first effectors for regulation of
nitrogen fixation gene expression. A common function of the FixLJ-FixK cascade is the regulation of
the fixNOQP genes Although the overall characteristics of this regulatory system constitute an useful
conceptual framework to understand the regulation of nitrogen fixation in Rhizobium, there are
important differences between species. In particular, it has been recognized that the connectivity
between the different cascades, the specific regulatory role of each element as well as its target
genes may vary among the different nitrogen fixers (Fischer, Microbiol. Rev. 58: 352-386, 1994).
Further differences are imposed by the presence of reiterated DNA sequences.

In the type strain of R. etli (CFN42) most of the nif and fix genes already described are localized on
the symbiotic plasmid (Girard et al. J. Bacteriol. 173: 2411-2419, 1991). However, important
regulatory elements described in other Rhizobium species, such as fixL and fixJ, are not encoded on
this plasmid. In this work, we show that the only copy of fixL in this strain is located on a plasmid
hitherto considered as cryptic (pCFN42f). In this plasmid, there is also a fix reiterated region
containing copies of fixK, fixNOQP and fixG genes. Detailed expression analysis and mutation of the
regulatory elements present in each reiteration reveals that the FixKf protein is needed as a positive
element for expression of both fixIN reiterations, whereas the FixKd protein appears to be
dispensable. Notably, both fixN copies are regulated by a FixK protein encoded in a plasmid
(pCFN42f) other than the pSym. Interestingly, expression of the fixN reiterations show a diferential
dependence for FixL. Microaerobic expression of fixNf is totally suppressed in a fixL::loxSp mutant
background, while expression of fixNd still shows microaerobic induction, albeit at a reduced level,
This suggests the existence of a FixL-independent mechanism far expression of the fixNd reiteration.

We acknowledge Paz Salas and Javier Rivera for technical assistance. Partial financial support was
provided by PAPIIT-UNAM (grants IN201595 and IN203297).
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S$4-P33

FUNCTIONAL STUDY OF THE RHIZOBIUM LEGUMINOSARUM BV. VICIAE UPM791 FnrN
MICROOXIC REGULATOR

Brito, B., Palacios, .M., imperial, J., and T. Ruiz-Argleso.
Laboratorio de Microbiologia. E:T.S. Ingenieros Agronomos. Ciudad Universitaria s/n 28040 Madnd

Two copies of the fnrN gene control microoxic expression of both nitrogenase and hydrogenase
activities in symbiotic cells of Rhizobium leguminosarum bv. viciae UPM791 (Hernando et al. 1995;
Gutierrez et al. 1997). In addition, FnrN induces the expression of a large number of genes in
microaerobic free-living cells (Sidler et al. unpublished results). FnrN belongs to the Crp/Fnr family of
transcriptional regulators. The anaerobic regulator Fnr of E. coli is the best studied member of this
family. Fnr contains a three cysteine arrangement at the N-terminus and a fourth conserved Cys in
the central domain that are involved in redox sensing. These cysteines are essential for Fnr
functionality. Additionally, several Fnr mutants insensitive to oxygen have been isolated. In contrast,
FnriN of R. feguminosarum bv. viciae UPM791 posesses a cysteine motif that slightly differs from that
of Fnr of E. coli. An additional fifth conserved cysteine is found in FnrN proteins from different
rhizobia and amino acid residues that confer oxygen resistance in Fnr are not conserved in FnrN. To
further characterize FnrN functionality we have generated both site-directed and random mutagents
of R. leguminosarum bv. viciae UPM731 FnrN. Functional analyses of FnrlN proteins mutated in each
cysteine residue as well as in the C-terminal helix-turn-helix domain have been carried out by
measuring activation of FnriN-dependent promoters in R. leguminosarum. The results obtained show
that all the cysteine residues in the motif C17-X2-C20-X7-C28 and C116 are required for FnrN
functionality, likely by coordinating [Fe-S] clusters. It was expected that activation of FnrN-dependent
promoters of R. leguminosarum in €. coli would simplify the screening of randomly generated
mutants in FnrN. However, no expression of these promoters has been obtained in E. coli so far,
probably due to an inefficient interaction between o’ from E. coli and FnrlN from R. leguminosarum.
This situation prompted us to clone the o™ factor of R. leguminosarum bv. viciae UPM791.
Expression of FnrN-dependent promoters of R. leguminosarum in E. coli as a function of ¢’ and FnrN
of R. leguminosarum is now underway.

Hernando et al. (1995) J. Bacteriol. 177: 5661-5669.
Gutierrez et al. {1997) J. Bacteriol. 179: 5264-5270.
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S$4-P35

A COMMON ORIGIN FOR NIFV AND LEUA GENES

Laura Cioni, Silvia Amnannato, Elena Tamburini, Duccio Cavalieri, Renato Fani
Dipartimento di Biologia Animale e Genetica, Via Romana 17-19, 50125 Firenze, ltaly

The enzymes a-isopropyl malate (a-IPM) synthase (EC 4.1.3.12) and homocytrate (HC) synthase (EC
4.1.3.21) catalyze very similar condensation reactions. a-IPM synthase, encoded by leuA is
responsible for the condensation reaction between aceyl coenzyrne A and ot-ketoisoyalerate, and
represents the first enzyme of the leucine biosynthetic pathway in both bacteria and fungi. HC
synthase, encoded by nifV catalyses the condensation reaction between Acetyl-CoA and
a-ketoglutarate. In prokaryotes the product of this reaction (homocytrate) is invoived in nitrogen
fixation, whereas in fungi is involved in lysine biosynthetic pathway. Homology between a-IPM
synthase from Salmonella typhimurim and Saccharoimyces cerevisiae and the product of the nifV
gene from Azotobacter chroococcum, Azotohacter vinelandii and Klebsiella pneumoniae was already
observed. Recently the sequence similarity between ORF 1298 of S. cerevisiae and nifV of A.
vinelandii led to the identification of LYS20, the major gene encoding HC synthase in S. cerevisiae.
The availability of complete sequenced archaeal, bacterial and eukaryal (S. cerevisiae) genomes
enabled a detailed comparative analysis of the leuA and nifV gene products. This analysis confirmed
the high degree of sequence similarity between the two proteins, and suggested a common ancestry
by paralogous gene duplication and subsequent evolutionary divergence. The presence of multiple
copies of these genes in several microorganisms belonging to the three cell domains suggested that
the ancestral gene, or one of its copies, underwent additional paralogous duplication events, leading
to the formation of paralogous gene families. Moreover the presence of leuA and nifY in organisms
belonging to the three cell domains also suggested that at least one copy of each levA and nifV was
present in the genome of LUCA (Last Universal Cormnon Ancestor), supporting the idea of an early
origin of nitrogen fixation.
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PRODUCTION OF AUXINS BY FREE-LIVING AND SYMBIOTIC CYANOBACTERIA

E. Sergeeva and B. Bergman
Department of Botany, Stockholm University, SE-10691 Stockholm, Sweden

Phytohormones play a crucial role in regulation of development and physiological proceses in plants.
The possible phytohormone production by prokaryotes such as the large and structuratly diverse
group of cyanobacteria still remains an unexplored research area. Screening symbiotic and free-living
strains for their ability to produce auxine-like substances was therefore performed using monoclonal
indole-3-acetic acid (IAA) antibody in a competitive enzymelinked immunosorbent assay. The effect of
additions of tryptophan, the main precursor for the biothynthesis of (IAA) was also investigated.
Comparative analyses of selected free-living and symbiotic strains demonstrated that IAA levels in
cell extracts and being secreated from the cells were considerable and more i: ‘he symbiotic isolate
Nostoc PCC 9229. Tryptophan stimulated IAA synthesis as did the age of the culture. The
biosynthesis phytorormones and their role in the cyanobacterial plaint symiiosis, like the Nostoc-
Gunnera symbiosis (1) is discussed.

1. Bergman, B., Matveyev, A., Rasmussen, U. (1996). “rends in Plant Scierne, 1:191.
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S$5-P11

RHIZOBIUM PROMOTION OF SORGHUM GROWTH AND P NUTRITION WITH ROOT
INFECTION AND LOCALIZATION IN THE XYLEM.

V. Matiru and F. D. Dakora. Botany Department, University of Cape Town, Private Bag, Rondebosch
7701, South Africa

Sorghum seedlings grown aseptically in Leonard jars with one-half strength Hoagland nutrient solution
adjusted to contain 1 mM KNO, were inoculated with 4 different strains of root-nodule bacteria (i.e.
rhizobia), namely Bradyrhizobium japonicum strain TAL 110, Sinorhizobium meliloti strain 1,
Rhizobium leguminosarum bv. viceae strain Cné and Rhizobium leguminosarum bv viceae strain 30.
The use of scanning and transmission electron microscopy established the presence of the bacteria
on the surface and inside the xylem of inoculated roots. Applying rhizobial live cells to roots of the
sorghum seedlings increased root length and biomass compared to uninoculated control. The
difference in root length was significant (P < 0.05) at 94 d after planting, which in turn resulted in
markedly higher (P < 0.05) P uptake by inoculated plants relative to uninoculated controis. Bacterial
inoculation of sorghum seedlings also promoted shoot growth (on both fresh and dry weight basis)
possibly due to the improved P nutrition. Bioassays of the test strains for indole acetic acid (IAA)
showed that they produce biologically active amounts of this growth-promoting molecule. Our data
thus demonstrate that 1) some rhizobia can naturally infect roots of non-legume cereal plants, and 2)
if they produce bhiologically active levels of these auxins, they are more likely to promote plant growth
through increased root development and nutrient uptake.

mli5m
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S$5-P13

AMPLIFICATION AND SEQUENCING OF A REDUCTASE-LIKE PROTEIN FROM A NITROGEN-
FIXING ACTINOMYCETE USING UNIVERSAL nifH PRIMERS.

N.O. Pérez’, A. M. Hirsch’and M. Valdés'.

" Depto. de Microbiologia, Escuela Nacional de Ciencias Biologicas, |.P.N. Apdo. Postal 264-CON,
06400, México, D.F.

? Department of Molecular, Cell and Developmental Biology, University of California, 405 Hilgard
Avenue, Los Angeles, CA 90005.

Various actinomycetes were isolated from nodules of Casuarina equisetifolia. These isolates are able
to reduce acetylene to ethylene, do not develop typical Frankia vesicles and are not able to induce
root nodules on Actinorhizal Plants. A phylogenetic study based on a partial sequences of the 16S
rRNA gene showed that they form a clade different from the Frankiaceae:. In order to amplify the nifH
gene of these actimomycetes, a set of degenerate universal nifH primerszwere used. The PCR
products were transferred to a membrane and hybridized with the Rhizobium etli CFN42 nifH gene. A
396 bp band from the isolated 7501 was cloned. The vector utilized was pBlueScript SK-and E. coli
DH5« was transformed by electroporation. Sequencing was done utilizing an ABI-PRISM automatic
system. This sequence has 38% identity to Frankia nifH sequences, and the deduced amino acid
sequence is 18% identical. A Blast-P search showed 50% identity and 70% of positives with an
hypothetical reductase of Streptomyces coelicolor and significant identity with other proteins
belonging to the aldo/keto reductase family. The role of this gene in the nitrogen-fixing system of this
actimomycete is under investigation.

1. Niner et al. 1996. Appl. Environ. Microbiol. 62:30434-3036.
2. Zher and MacReynolds. 1989. Appl. Environ, Microbiol. 55:2522-2526.
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NEW AZOSPIRILLUM AND HERBASPIRILLUM SPECIES FROM C4-FIBRE PLANTS AND 16S
rRNA TARGETED OLIGONUCLEOTIDE PROBES

Stoffels, M.1, Eckert, B.1, Kirchhof, G.1, Weber, B.0.2, Baldani, J.I.2, and Hartmann, A1
1GSF-National Center for Environment and Health, Institute of Soil Ecology, Neuherberg/Munich,
Germany

2EMBRAPA-CNPAB, Seropedica, Rio de Janeiro, Brasil

Diazotrophic bacteria were isolated from the C4-fibre plants Miscanthus sinensis and Pennisetum
purpureum grown in Germany and Brasil using semisolid, nitrogen free media. Appling the MPN-
approach, up to 10° diazotrophic bacteria per gram root fresh weight were estimated. Among other
known diazotrophs, like A. lipo-ferum and Herbaspirillum seropedica, new bacteria could be identified
on the basis of 16S rDNA seguence analysis, DNA-DNA hybridization results, physiological tests and
specific 16S rRNA-targeted oligonucleotide probes. The new diazotrophic Azospirillurm sp. is closely
related to the A. lipoferum, A. largomobile and A. brasilense and is named Azospirillum
doebereinerae sp. nov. in honour of Dr. Johanna Dobereiner (Eckert et al., 2000). Until now, a PGPR-
effect was observed, when A. doebereinerae was inoculaied to Miscanthus plantlets. The new
Herbaspirillum frisingense isolates were also characterized in a polyphasic approach (Kirchhof et al.,
2000). After inoculation of Miscanthus plantlets with H. frisingense Mb11, a rapid colonization of the
root interior could be demonstrated using mono-specific polyclonal antibodies, as well as a PGPR-
effect on root development.

A hierarchical set of in situ binding 16S rRNA directed oligonucleotide probes at genus and species
level was developed for the whole Azospirillum-Skermanella-Rhodocista cluster and the genus
Herbaspirillum (Stoffels et al., 2000).

Eckert, B., Weber, O.B., Kirchhof, G., Halbritter, A., Stoffels, M., Hartmann, A. (2000). Int. J. System.
Evolut. Microbiol. In press.

Stoffels, M., Castellanos, Th., Hartmann, A. (2000). System. Appl. Microbiol. (submitted)

Kirchhof, G., Eckert, B., Stoffels, M., Baldani, J.1., Reis, V.M., Hartmann, A. (2000). Int. J. System.
Evolut. Microbiol. (in press)
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MOLECULAR MECHANISMS OF DIAZOTROPHIC KLEBSIELLA OXYTOCA ENTER INSIDE THE
PLANT TISSUE: THE ROLE OF POLYGALACTURONASE AND PECTATE LYASE

Kovtunovych Gennadiy, Lar Olena, Kozyrovska Natalia
Institute for Molecular Biology and Genetics of the National Academy of Sciences, Zabolotnoho, 150,
Kyiv 03143, Ukraine

Diazotrophic bacterium Klebsiella oxytoca VN13 is able to depolymerize a polymer of
polygalacturonic acid — pectin, a compound of the plant cell wall, and possesses polygalacturonase
(PG) and pectate lyase (PL) activity. Both activities are low and can be recognized well after induction
with any substrates. To decipher molecular mechanisms of K. oxytoca enter inside the plant *issue
we started with study of role of PG and PL ir this process. Both activities were cloned in E. coli JM
109 that did not possess it naturally. Nucleotide sequences of the peh and pel genes were
determined. Levels of homology of both DNA and aminoacid sequences of proteins coded for PG and
PL of K. oxytoca and appropriate sequences of different bacteria deposited in GenBank were
analysed, and no homology of DNA found for both the pel and peh genes. However, 63-77 %
homology seen between aminoacid sequences of both pectinases of K. oxytoca VN13 and
appropriate sequences of exopolygalacturonase (exoPG) and exopectate lyase of Yersinia
enterocolitica, Erwinia chrysanthemi and Ralstonia solanacearum.

The K. oxytoca VN13 peh and pel gene mutants have got by recombination in vivo between normal
copies and mutated ones. The mutants have been examined in interactions with the pian* iiost
(Triticum aestivum L.), using designed model system. It was defined that exoPG of K. oxytoca VN13
appeared did not play role in process of penetration into the plant interior, in contrast to exoPGs of
phytopathogenic bacteria E. chrysanthemi and R. solanacearum. Pectate lyase activity of K. oxytoca
VN1 3 positively correlated with penetration of bacterial cells inside the root tissue.

El5im



N

' N .
N ' ”
\
c 3
'
= s .
- L
~ « . ~
- A
[ : '
.

o a3
o '
N <
1 .
L
¢ N
.
[E RN
- >

,

- C .

b . .
- - ;O -

o ) .
' . - < -
o .
J. N
r X - [

e . ~ 3
n ! - -
' [ o
' ' ' ' - .
. . - 1 .
N ' ' <
' . [



$5-P19

CELLULASE PATTERNS IN FRANKIA STRAINS BELONGING TO DIFFERENT CROSS-
INOCULATION GROUPS.

José M. lgual', Encarna Veldzquez?, Pedro F. Mateos?, A. Valverde', Claudino Rodriguez-Barrueco’,
Emilio Cervantes' and Eustoquio Martinez-Molina?

" IRNA-CSIC. Apartado 257. 37080-Salamanca. Spain.

? Departamento de Microbiologia y Genética. Edificio Departamental. 37007-Salamanca. Spain.

Carboxymethyl cellulase activities were evaluated by different methods in eight strains of Frankia
from diverse host specificity groups and geographical origins. Cellulase activity was found in culture
supernatants of all strains in the absence of CMC (Carboxymethylcellulose) as inductor and was
detected using both double-layer plate and reducing sugar assays. These findings indicate a
constitutive production of CM-cellulases by Frankia. CM-cellulase isoenzymes were examined using
activity gel electrophoresis of concentrated culture supernatants. Different electrophoretic patterns
of CM-cellulases were observed among the eight strains tested, which can be relationed with
previous taxonomic groupings obtained in this genus by different molecular techniques. Therefore,
our results suggest that the analysis of celiulase isoenzyme patterns could be an additional and
useful tool for the differentiation among strains of Frankia belonging to different cross-inoculation

groups.
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DIRECT BOMBARDMENT OF NITROGEN FIXING BACTERIA INTO THE PLANT TISSUES

Preininger, E., Boka, K., Karanyi, P. and Gyurjan, I.
Department of Plant Anatomy, Edtvos Lorand University, Hungary

Biological nitrogen fixation is a very effective form of nitrogen supply in nature, and is mostly realised
in symbioses and associations between plants and diazotroph bacteria. The problem is that these
bacteria form symbioses or associations mainly with wild species and not with economically
important plants. Severai attempts have been made to widen the range of the natural symbioses in
the last two decades. One of the solutions is creating artificial symbioses.

Our aim is to establish artificial associations by in vitro methods using strawberry (Fragaria x
ananassa) as host piant and Azotobacters as diazotrophic partners and the prolonged cultivation of
these systems. The realization of such type of symbiosis may result considerable reduction in
production and utilization of nitrogen fertilizers.

Incorporation of bacteria into the plant tissues were carried out by biolistic gun which is used for
genetic transformation. Azotobacter vinelandii cells adhered to tungsten parficles were shot directly
into young leaves and regenerating shoot tips. Bacterium cells could be landed in two positions: in
the intercellular spaces of the target tissue or inside the cells.

The presence of bacteria in the developing callus tissues and regenerating plants was detected by
light and electron microscopy, the nitrogen fixing capacity could be detected by acetylen reduction
assay.

For easier detection of the incorporated bacteria inside the plant tissues, Azotobacter vinelandii was
genetically transformed: GUS marker gene was electroporated into the bacterium genome. This
allows for safer selection of the succesful symbioses.

This was the first time to use living bacteria as microprojectiles for bombardment of plant tissues.
The results undoubtedly show that this new method, developed by us, makes possible the
introduction of nitrogen fixing bacteria into the economically important plants.
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$5-P23

INCREASE IN FREE NITROGEN FIXATION IN THE RHIZOSPHERE OF PINUS PINEA
SEEDLINGS INOCULATED WITH PGPRs IN A BURNED FOREST SOIL

Colon Flores, JJ, Lucas Garcia, JA, Ramos, B, Gutierrez Manero, F.J. Probanza, A
Universidad San Pablo CEU.Fac. CC Exp. y Técnicas. Madrid, Spain.

Free living diazotrophic bacteria are highly dependent on availability of organic substrates since free
nitrogen fixation 1s a high energetic cost process. Organic matter content in the rhizosphere is mainly
due to exudation (Glick, 1995).

The use of PGPRs as biofertilizers is one of the most promising biotechnologies to improve primary
production vith low inputs in fertilizers, through any of the many mechanisms possible: biocontrol,
nutrient mobiliza -~ . phytohormone production and nitrogen fixatior.

The aim of this =y was to deter 1e the effect of inoculating the PGPRs B. licheniformis (CECT
5106) and B.pumilus (CECT 5105" ana the ectomycorrhiza Pisolithus tinctorius, on free nitrogen
fixatiol. ... .. : rhizosphere of P. pinea seedlings grown on a burned forest soil, after 4 months of
inoculation. Nitrogen fixation was determined by the Acetylene Reduction Activity (ARA) according to
McNabb and Geist (1979) in the conditions proposed by Guiiérrez Manero et al. (1894),

Resuits show ar nc,2ase n iirogenf @ o . ‘er the influence of PGPRs probably due to the “sink
effec " of bacteria. « a § mu.ate exur 3tic . “sugars. Anincrease . ammonium is also detect. '
the v aspoere, o' g~ < oacrease roay be partie v ¢ue L exudation. The increase in the

nitrify 1g ac vity dv :ec 2o refiec 5t ar icrease ¢ .. . .evels .2 rhizosphere, altt.. o Cevels
arebe’ . .77 ryiinits of nitrogen fixation.
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TRANSGENIC AEQUORIN REVEALS CALCIUM TRANSIENTS IN RESPONSE TO NITRATE
REMOVAL IN THE NITROGEN-FIXING HETEROCYSTOUS CYANOBACTERIUM ANABAENA sp.
PCC 7120

Ignacio Torrecilla, Francisco Leganés, lldefonso ™ ni a, Francisca Fernandez-Pifias
Departamento de Biologia, Facuitad de Ciencias,  iversidad A:tonoma de Madrid, 28049-Madrid,
Spain

In order * investigate c: ed .. processes 1 cyanobacteria, we constructed a recombinant
strai~ = fabae -~ ¢». PCC 20 “C el expresses . Jz ' binding photoprotein
apoae”, ~ " . T sty the mrostacsof e larca wass  ad v 5 in finding that
Anaba. aha: > “lacty'o e~ '~ ~ race . Ta we's. erest ,.velc ree Ca* was
four 1. beverv ‘mar'o’  revor qa reukaryoticce 5,0 wer TCh 6200 M.
Anab  2sn.. CC._.2 (. ere " :s'eterocysts, specic zec ~ 5 er at ‘nitroge ixa on
takes place, Jpc . re.. W .o'b 1 T e T 200 o Y\ user m2ozec ~hioal s
expressi o cytnsg  arsaec . ¢ yv U v Tetsane gsoluwe et e
differe i racess. L0 G ¢ e Co freas s aced st " 30090 zcer
en ovmva oy 3 T dr dier g 0o 3024, sz 3¢ 'ide ¢f approx.+ "
deeavnr R g sl ow ser od . re Lo ' o7 orelevent s Uient
defic lessuc ¢ s Mg o Tel es i v w L2 noLslent € Cer The i ant
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S$5-P27

PRODUCTION OF VITAMINS BY AZOTOBACTER WITH PHENOLIC COMPOUNDS AS SOLE
CARBON SOURCE.

J.J. Revillas, B. Rodelas, C. Pozo, M.V. Martinez-Toledo, and J. Gonzalez-Ldpez.
Grupo de Microbiologia Ambiental (Environmental Microbiology Group), Departamento de
Microbiologia, Facultad de Farmacia, Universidad de Granada, 18071 Granada, Spain.

Production of water soluble vitamins has been related to the ability of Azotobacter spp. to enhance
crop yielding and positively influence 2 Rhizobium-legume symbiosis, as exogenous supply of these
biologically active substances affec s nlant growth and rhizosphere interactions (1,2,3). Qualitative
and qua tative production of B-group vita 15 by A. vinelandii in laboratory media supplied with 0.5
to 5% g :oseisinfluenced drastically by the available concentration of carbon substrate (4).
However, glucose is hardly the 1ajor carbon source available ar Azotobacter in the  ~osphere,
where survival and persistence o ese bacteria is believed to be  zhly dependent on their ability to
metabolize simple phenolic compounds, which are commonly presen i1 solls at concentrations of 1-
2 mM.

A. vinelandii ATCC 12837 and A. chroococcum strain H23 (CECT 4435) were able to grow on N-free
or NH.C mendedc o :ally-de :d (Burk's) ied.a, with protocatechuic acid (1 to 2 .. M) or sodium
p-hydroxye 1zoate o > 1c  WI)as sole C sources. Atacc:ce a o of 2mM, both substrates
sunported ' troge fixetinn \acetylera raduction assay)a o ni cor ig er rates than in control
media ami 1de¢ w2 i sou scn asCsouce. T wo¢r spro ced e B-group

vita s ac  anto cacd, - ~ >~ roa i > er72 ors fgrowt in
che ¢ "jd “nedmear vi “2- oro-zitec ot ok, s 'droxy e = > orsod :m
¢ _ arassocarbo so e, " anl eec  diaame ue wit I & NH.CIL Qo otative
Prou...c.. . ¢.. ..tariis was affected by heusecf™e ™ ntCe N -tes.

L. e L0C ,\753 i

2.8 - (. . o3

r , .. S LT o0e

T T S al..Y6) " e . GG

m]6lm






POSTER ABSTRACTS
SYMPOSIUM 6






...Poster abstracts/ Symposium &

S6-P1

FURTHER STUDIES OF THE PHYTOHORMONE INVOLVEMENT INTO THE NODULE
DEVELOPMENT DURING PEA-RHIZOBIUM SYMBIOSIS.

Z.B. Pavlova, N.V. Ishchenko and L.A. Lutova
Department. of Genetics, St-Petersburg State University, Universitetskaya nab. 7/9, 199034, St-
Petersburg, Russia.

We continued our estigationes of the functions of phytohormones in the pea (Pisum sativum
L.)-Rh. leguminosar  1bv. viciae symbiosis by the icluding of some new pea genotypes. We studied
the sensitivity io exo e ous auxin ¢ iwo hypernoc : pea 'ines P64 {sym28) and P88 (sym?29),
~b*ained on cv. Friss n ‘Sagan, Duc, 1996). The dir e :r .es » ween 264 plants and parental
C *ivar were reve~ ;¢ e e u ccontaining 20 /1 of ( 1x ~ 2 root explants of cv. Frisson

(and P88) - ~a 3es whereas 64 roots died. Fro ' 1e ¢ ~r si e we investigated the nodule
‘orminga ties ‘' voal ¢ pea ageotropur fnes Blixt, 97 v citare orobably defective in root
auxin transport syste >. 3¢ mutants had significantly decreased ai > of n0cuies 'n compare wit®
parental cv. Weibull's®
Fror siudied earlier eaforms, which did et differ frc ~ a . ° ' genotypes ¢ phytohormonal
tra s, we c.os. dc .  esofdiffe.e . ‘gin. - aor g2ne syr Z e R2Y, btained on cv.
Spa &, . 11 < ci . .aR o el opso . o op, U5 L ies Scr 1t2 Nod-l and
N d-2 nbtai cuo ve eSp 2 %rar (. .c el 0l Russiam oseé » astwie .or Ag cultural
ST (RN 0 se..t t s s 8gi G NCoA e
¢ "5 n SRR T e N N (RS s 5394 ~es v epege
Sh ~tg Nt M a0 yetran C, M b e am e ey
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NEW GENES INVOLVED IN THE BIOSYNTHESIS OF CAPSULAR POLYSACCHARIDES IN
SINORHIZOBIUM MELILOTI.

Guido Epple' and Otto Geiger®

! nstitute of Biochemistry and Molecular Biology, Technical University Berlin, Franklinstr 29, D-10587
Berlin, Germany.

2 Cenfro de Investigacion sobre Fijacion de Nitrogeno, Universidad Nacional Autonoma de Mexico,
Cuernavaca, Morelos, Mexico

The production of exopolysaccharide (EPS) was shown to be required for the infection process by
rhizobia that induce the formation of indeterminate nodules on the roots of leguminous plants. In
Sinorhizobium (formerly called Rhizobium) meliloti Rm41, a capsular polysaccharide (CPS) analogous
to the group Il K antigens of Escherichia coli can functionally replace EPS during nodule
development.The presence of the CPS requires the unusual fatty acid synthase-like gene cluster
rkpABCDEFGHIJ in the chromosomal rkp-1 region. The role of the rkpABCDEFGHIJ gene products in
CPS biosynthesis is unclear so far. After we failed to restore the CPS biosynthesis of rhizobial
mutants by trans-complementation we reanalysed the rkp-1 region. Two new genes involved in the
CPS biosynthesis were identified and a new genetic organisation in the rkp-1 region was determined.
The new gene ctrA shows homalogies to the lipoprotein CtrA of Neisseria meningitidis. This
lipoprotein belongs to the same complementation group as the rkpABCDEFG genes and is therefor a
likely acceptor of the B-ketide synthesised by the RkpABCDEF proteins. It is thought that CtrA is
involved in the transport of CPS across the outer membrane of Gram-negative bacteria. The second
new gene is homologous to the kpsF gene from Escherichia coli but ist exact biochemical function is
unknown so far.
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S6-P5

TYPE 1If SECRETION SYSTEM AND FLAVONOID RESPONSIVE EXTRACELLULAR PROTEINS
OF BRADYRHIZOBIUM JAPONICUM 110SPC4

Anke Doerfel, Michael Gé :rt and Andrea Krause
Institut fiir Genetik, Tect ic e Universitat Dresden, 01062 Dresden, Germany

Sequencing of the symbiotic genome region of B. japonicum revealed a gene cluster probably
encoding a type lll secretion system. This cluster with similarity to those found in Sinorhizobium fredii
and Rhizobium sp. NGR234 consists of at least four transcription units that comprise genes coding
for structural core components of the secretion system. tn addition, one gene is likely to encode a
transcriptional regulator (Y4xI) that has similarity to members of the two-component regulatory
systems. Upstream of y4x! a nod-box promoter was found pointing out that flavonoids could be
invelved in the regulation of this gene cluster.

To elucidate the role of type Ill secretion during symbiosis, four different deletion mutants have been
constructed. Deletions of structural core components affected symbiosis with Glycine max and Vigna
unguiculata only marginally whereas functionality of Macroptiium atropurpureum nodules improved.
Therefore, type lll secretion is not essential for establishment of symbiosis but seems to be involved
in fine-tuning of the interaction. Deletion of the gene region encompassing y4x! delayed nodule
development with all three host plants.

Stimulation of protein secretion in B. japonicum by flavonoids appeared to be complex. Comparison
of the electrophoresis pattern of extracellular proteins isolated from induced and non-induced
cultures revealed a set of proteins whose synthesis or export seems to be induced by flavonoids.
One protein accumulated to a smaller amount in induced culfures. All flavonoid-responsive proteins
were secreted by a type lll-deletion mutant indicating that these proteins are exported by different
systems.
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S6-P7

SINORHIZOBIUM MELILOTI LIPOPOLYSACCHARIDES (LPS) PROMOTE THE FORMATION OF
ROOT NODULES IN THE SYMBIOSES WITH MEDICAGO SPP.

Pich Otero, Augusto J. L., Daniela F. Hozbor, and Antonio Lagares.
IBBM- Instituto de Bioguimica y Biologia Molecular, Facultad de Ciencias Exactas, Universidad
Nacional de La Plata, calles 47 y 115, 1900-La Plata, Argentina.

Current evidence indicates that the symbiotic requirement for an intact LPS is more stringent in those
rhizobialegume interactions where root nodules are of determinate type. In Medicago sativa (alfalfa),
a legume that develops indeterminate nodules, most S. meliloti LPS mutants are able to establish
fully compatible associations. However, S. meliloti IpsB mutants derived from strain 2011 have an
altered competitiveness to nodulate M. sativa (alfalfa), and do not fix nitrogen in Medicago truncatula.
These characteristics present IpsB as a key mutation to study the LPS requirement in the symbioses
between S. meliloti and Medicago spp.

To investigate possible roles of S. meliloti LPS in signaling to the plant, we carried out nodulation
assays in which M. truncatula roots were pretreated with electrophoretically purified wild type LPS
and then inoculated with either an ipsB mutant or a wild type rhizobia {10 exp+4 cfu/piant). The LPS
was added on the emergent root hairs in a one microliter spot of sterile water containing from 20-
200 ng LPS. None of these LPS amounts allowed nitrogen fixation by psB mutants. Surprisingly, an
unexpected high number of nodules was observed in the plant roots that had been pretreated with 20
ng of LPS (approx. 2 picomol/plant) and inoculated with the wild type strain, compared to the control
roots that had been pretreated with water prior to the inoculation {in average double number of
nodules, P=0.05). A similar effect was also observed when M. sativa was used as host plant. The
enhanced nodulation of the wild type rhizobia by LPS was dose dependent in the range of 0.2 to 20
ng, and was not observed either at lower or higher LPS amounts. The stimulatory effect was
abolished when the active LPS fractions were treated with 0.7% sodium metaperyodate, or boiled in
2% acetic acid. No stimulation was observed with 10 ng of chromatographycally purified LPS of the
unrelated bacteria Escherichia cofi strain 0111:84,

Results taken together indicate that the addition of wild type LPS did not correct the Fix~ phenotype
of lpsB mutants, showing that the exogenous polysaccharide is not able to correct the defective
infection of the mutant (i. e. the mutant may have a disturbed envelope incompatible with a normal
infection, and/or a sustained requirement for the presence of LPS all along the infection may exist).
However, a biological effect of soluble LPS was evident in promoting the nodulation by the wild type
rhizobia on Medicago spp., suggesting an early signaling role for this molecule since the bacteria is
outside the piant.
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enod40 IN LEGUMES AND IN ACTINORHIZAL PLANTS

Katharina Pawlowski’, Uritza Rogalla von Bieberstein’, Florian Fricke', Ana Ribeiro?, Maurizio

Chiurazzi®, Carole Santi’ and Claudine Franche®.

" Albrecht von Haller Institute for Plant Sciences, Plant Biochemistry, Gottingen University, 37073
Gottingen, Germany.

* Department of Molecular Biology, Agricultural University, 6703 HA Wageningen, The Netherlands.
International Institute of Genetics and Biophysics, 80125 Naples, Italy.

“ Laboratoire GeneTrop-IRD, 34032 Montpellier, France.

In both Rhizobium/legume- and actinorhizal symbioses, plants form root nodules to host nitrogen
fixing soll bacteria. Plant enod40 genes have been implicated in the induction of cortical cell divisions
in reaction to rhizobial Nod factors during legume nodule development and are expressed also in non-
symbiotic plant development. We have cloned enod 40 homologs from two different actinorhizal
plants, Alnus glutinosa and Casuarina glauca. Although both of them displayed the two conserved
sequence regions characteristic for enod40 genes, they did not contain the ORF for the short peptide
of 10-13 amino acids of which the first conserved region represents the 3’ half in all other enod40
sequences known thus far. DNA Gel Blot hybridization analysis suggested that enod40 is encoded by
a single gene in both plants. The expression patterns of enod40 in actinorhizal nodules was studied
using in situ hybridization. To analyse enod40 expression during actinorhizal nodule development, the
C. glauca enod40 promoter was cloned and fused with B-glucuronidase (GUS) and brought into
Allocasuarina verticillata. In order to compare the regulation of enod40 expression in legumes versus
actinorhizal plants, GUS staining patterns of C. glauca enod40 promoter-GUS and soybean enod40
promoter-GUS fusions were compared in transgenic A. verticillata and Lotus japonicus, respectively.
Studies on enod40 function were performed using transgenic tobacco and Arabidopsis plants
expressing 35S- enod40 constructs.
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MOLECULAR CHARACTERIZATION OF THE MEDICAGO SATIVA RESPONSE TO INFECTION
WITH SINORHIZOBIUM MELILOTI ILVC MUTANTS.

Lépez, J. C.', D. H. Grasso', F. Frugier?, M. Crespi® and O.M. Aguilar’

" Instituto de Bioquimica y Biologia Molecular, Facultad de Ciencias Exactas, U.N.L.P. ARGENTINA

¢Institut des Sciences Vegetales, Centre National de la Recherche Scientifique, Gif Sur-Yvette,
FRANCE.

S. meliloti ilvC mutants are auxotrophic and unable to establish a nitrogen fixing symbiosis with M.
sativa plants. The ivC mutation blocks a metabolic branch chain of the amino acids biosynthetic
pathway as consequence of the lack of isomeroreductase activity. Interestingly, it i1s not possible to
explain the defective symbiotic phenotype displayed by these mutants as a nutritional deficit for the
amino acid products of the metabolic pathway. Early plant responses to inoculation with ilvC mutants
are characterized by the presence of root hair curling and cortical activation but the absence of
infection threads. No nodules were observed four weeks after inoculation, only thickenings in certain
restricted areas of secondary roots. In this zone, the outer cortical cells appear hypertrophied. It was
also observed that the pattern of inner cortical cell activation, assessed by starch accumulation, is
characteristic and differs from those induced for EPSI or nodfL mutants.

Nodule development can be arrested at different stages by means of rhizobial mutants impaired in
the production of putative signaling molecules required to establish an effective symbiotic
association. Our observations suggest that an anomalous signal exchange between the symbiotic
partners may be responsible for the ilvC phenotype and induce a modified spatial or temporal pattern
of nodulin gene expression in the plant host. Hence, expression of a selected group of nodulin genes
was monitored to compare at a molecular level the ilvC response with other symbiotic structures.
Transcript levels for nodulin genes, assessed by RT-PCR, were compared with those detected in
nodules induced by exopolysaccharide mutants or spontaneously (in NAR+ alfalfa plants, able to form
nodule-like structures in the absence of S. meliloti). Expression levels of the early nodulin genes
MsEnod40 and MsNod93 (homologous to the soybean GmEnod93 gene) in the ilvC-structures were
similarly induced as in the other nodule-like structures. Transcripts of other early nodulin genes were
not detected in these structures suggesting that nodule formation is arrested at a very early
developmental step. Our results demonstrated that structures induced by ilvC mutants are different
of those induced by other symbiotic-defective mutants.
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CHARACTERIZATION OF A SWARMING MUTANT IN SINORHIZOBIUM MELILOTI.

Soto, M. J., Sanjuan, J. and Olivares, J.
Departamento de Microbiologia del Suelo y Sistemas Simbidticos. Estacion Experimental del Zaidin
CSIC. Granada, Spain.

Swarming is a form of active surface motility that is widespread among flagellated, Gram-negative
bacteria (1). It has been described in species of the genera Proteus, Vibrio, Serratia, Escherichia,
Salmonella, Yersinia and Pseudomonas. Swarmer cells are generally long and multinucleate, always
hyperflagellated, and can move rapidly over the agar surface in a2 coordinated manner. Swarming
might play an important role in the colonization of natural environments by microorganisms. In fact,
there is evidence that the differentiated swarmer-cell stage facilitates pathogenic associations with
the host tissue. Despite the importance of this mode of translocation on a solid surface, almost
nothing is known about the molecular signaling mechanism involved.

During the screening of a Tn5-mutagenized population of S. meliloti GR4 in semisolid (0.7% agar)
minimal medium supplemented with carboxymethyl cellulose (CMC), we identified a colony (QS77)
showing a dendritic pattern characteristic of some colonies containing swarmer cells. This phenotype
is not shown by the wild-type strain GR4 and in the mutant QS77 seems to be a cell density-
dependent phenomenon. DNA hybridization studies revealed that the QS77 mutant carries a single
Tn5 insertion within a gene that showed striking similarities with the rpfB gene of Xanthomonas
campestris as well as with the fadD gene of several microorganisms which encodes a long-chain fatty
acylCoA ligase. The rpfB gene has been described as belonging to a cluster of at least seven rpf
(regulation of pathogenicity factors) genes involved in the control of the synthesis of extracellular
enzymes and therefore the virulence of Xanthomonas campestris (2). RpfB is predicted to be a long-
chain fatty acylCoA ligase that mediates regulation via a low-molecular-weight diffusible substance
called DSF (diffusible signal factor). An Escherichia coli fadD-deficient mutant is unable to grow on
agar plates containing oleic acid as sole carbon and energy source. Whereas S. meliloti GR4 can
grow on minimal medium with only oleate, the QS77 mutant can not. This resuit along with the
homology data suggest that the affected gene in QS77 encodes for a long-chain fatty acylCoA ligase.
The characterization of this locus as well as its involvement in symbiosis will be discussed.

1. Harshey (1994} Mol. Microbiof. 13: 389-394.
2. Barber et al. (1997) Mol. Microbiol. 24: 555-566.
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SVQ120: A SINORHIZOBIUM FRED! STRAIN HH103 MUTANT IN THE hrcQ GENE LOCATED
IN THE TYPE Ill SECRETION PROTEIN GENE REGION.

Madinabeitia, N.; Bellogin, R. A.; Cubo, M.T,; Espuny, M.R,; Lyra, M.C.C.P.; Ollero, F.J. and Ruiz-
Sainz, J.E.
Departamento de Microbiologia. Facultad de Biologia. Apdo. 1095. 41080.Sevilla. Spain.

Transposon Tn5-lacZ (Tn5-B20) mutagenesis on S. fredii HH103 allowed the isolation of HH103
derivatives that showed high p-galactosidase activity in the presence of flavonoids (naringenin). One
of these mutants (SVQ120) was chosen for further studies. We have constructed plasmid pMUS442
to facilitate the clonation of the rhizobial DNA that is flanking transposon Tn5-B20. This plasmid is a
derivative pSUP202 (Tc¥, Ap®, Cm?, suicide in Rhizobium) and has cloned the kanamycin-resistance
gene of pUC4K into the Psti site of the Ap gene. Conjugational transfer of pMUS442 into SVQ120
and selection of Tc transconjugants allows the isolation of SYQ120 Tc? clones in which plasmid
pMUS442 is specifically integrated inside transposon Tnb-lacZ by homologous recombination
between the kanamycin-resistance genes. After genomic DNA digestion with EcoRl and further
religation, a plasmid is generated. This latter plasmid must carry part of pMUS442 and the rhizobial
DNA region flanking the inserted Tn5-B20. Sequencing this DNA region from a specific primer
(designed into the right IS of Tn5) allows the identification of the mutated gene.

In the SVQ120 mutant, the sequenced region showed high homology with the hrcQ genes of S. fredii
strain USDA257 and Rhizobium sp. NGR234. Using this fragment as a probe against the gene library
of the parental strain HH103 a cosmid carrying the wild copy of hrcQ gene was isolated. This gene
was sequenced and computer analysis showed that it is identical to that of S.fredii and highly
homologous to the hrcQ gene of NGR234.

Although the hrcQ gene is located into the Type lll secretion-protein gene region, we could not detect
any difference in the profiles of extracellular, cytoplasmic or periplasmic proteins of flavonoid induced
cultures in SDS-PAGE compared with those of HH103. Also SVQ120 showed normal Nod factors in
TLC analysis and LPS profile in SDS-PAGE in relation with HH103.

In comparison with its parental stain HH103, mutant SVQ120 has no significant alteration in its
capacities of nodulation, Nyfixation, kinetics of nodulation and competitiveness for the nodulation
with soybean cultivar Williams. We have found, however, that SVQ120 was able to fix N. in Erythrina
variegata, while HH103 developed small fix- nodules.

This work was supported by CICYT Grant BIOS9-0614-C0O3.
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3. FelledH etar F ant J. 13:4' > 73" §98).

4. Teasdale RD and Richards DK. Plant Physiol. 83:1071-1077 {1990)

Supported by Programa Sectorial de Promocién General del Conocimientc  ..F.C.) PB98-0114-CO2-
01. L. Bolanos held & fellowship from Corriuridad Auténoma de Madrid.
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GENETIC ANALYSIS OF THE SYMBIOTIC BRADYRHIZOBIUM JAPONICUM MUTANT 2-10

Bernd Ulrich Becker, Vincent Boiffin, Dietrich Werner and Peter Mueller
Biology, Cell Biology and Applied Botany, Philipps University Marburg, Karl-Von-Frisch-Strasse, 35032
Marburg, Germany

The Bradyrhizobium japonicum strain 2-10 results from a TnphoA-mutagenesis. The transposon is
inserted presumably in a region encoding a transmembrane or periplasmic protein.

In symbiosis with Glycine max the nodules are weakly infected. Ultrastructural analysis of the infected
tissue revealed a lot of starch granules and vacuoles in the plant cells, indicating that the mutated
operon is required for an efficient symbiosis.

A 6.8 kb DNA fragment, containing the TnphoA-insertion, was sequenced. Further analysis of this
area indicated six open reading frames, including one showing high similarity to an integrase gene
from Bacillus subtilis, and another ORF with similarity to putative inner membrane proteins from
bacteria, e.g. Buchneria aphidicola. For the ORF ub12, carrying the transposon-insertion, no
significant homologies were found in the databases of the National Center for Biotechnology
Information (NCBI).

ORF ubl2 encodes an assumed gene product of 306 aa. Reporter gene fusion and computer-
analysts predict a periplasmic loop between two transmembrane helices. This predicted periplasmic
loop is the domain where the TnphoA insertion took place.

An inframe TGA codon, followed by a potential cis-element, was obtained within the DNA sequence of
ORF ubl2. The UGA codon in addition with this stem loop struciure, in the mRNA, could result in the
translation of UGA as selenocysteine.

Based on genetic complementation tests, the symbiotic relevance of the ORFs located downstream
of the insertion was revealed phenotypically.

According to this, ORF ubl2 seems to be part of an operon containing three open reading frames.
Further complementation tests and reporter gene fusion assays should clarify the operon structure of
this DNA region and the symbiotic relevance of the ORFs.

Expression assays under controlled conditions are in progress to investigate, whether UB12 is the
first selenoprotein reported in Bradyrhizobium japonicum.
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Glycyrrhiza uralensis was the only tested legume in which mutant SVQ295 »rmed nitrogen-fixing
nodules (indeterminate type nodules). Bacteria could be visualized inside the plant cells.
Plasmid pSUP202 was integrated inside transposon Tn5-Mob of mutant SVQ295 (by homologous
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fredii HH103 was crossed with a purl mutant (CE382) of R. et CE3 to isolate a cosmid that coniains
the S. fredii gene. Cosmid pMUS509 complemented mutant CE382 of R. etii to grow on minimal
media and to nodulate Phaseolus beans. As expected, cosmid pMUS509 er.abled S. fredii SVQ2%5
v~ trogendfixing © dules on soybeans. Further genetic analyses allowed tne sequencing of the
S. redii purl gene. 'is gene showed higih homology to other purl genes from diverse
MICroorganisms.
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THE dpp GENES ARE NEEDED FOR AMINO-LEVULINIC ACID UPTAKE AND INTERACT WITH
SIDEROPHORE TRANSPORT IN RHIZOBIUM LEGUMINOSARUM.

Robert A. Carter®, Anne Klein , Philip S. Poole*, Arthur Hastie™, Kay H. Yeoman and Andrew W. B.
Johnston®.

® School of Biclogical Sciences, University of East Anglia, Norwich, UK.

* Dept. Animal and Microb. Science, University of Reading, Reading, UK.
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SELECTIVE TAGGING OF SINORHIZOBIUM FREDII SYMBIOTIC PLASMIDS WITH KANAMYCIN-
RESISTANCE AND MOBILISATION FUNCTIONS.

Medina, C., Cubo, M.T., Bellogin, R.A., Ollero, F.J. and Ruiz-Sainz. J.E.
Departamento de Microbiologia. Facultad de Biologia. Uriv . ‘dad de Sevilla. Apdo 1095. 41080-
Sevilla. Spain.
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EROSION OF ROOT EPIDERMAL CELL WALLS AS RELATED TO PRIMARY HOST INFECTION
IN THE RHIZOBIUM-LEGUME SYMBIOSIS

P. Mateos"? D. Baker?, M. Petersen?, £. Velazquez', J. Jiménez-Zurdo"?, A. Molina', E. Martinez-
Molina' °, A. Squartini?, and f. Dazzo?.

' Departamento de Microbiologia y Genética, Universidad de Salamanca, Salamanca, Spain

? Department of Microbiology, Michigan State University., East Lansing, MI 48824 USA.

Ultrastructural studies ising ission electro  ic ascopy indicate it tiie portal of entry for
rhizobial infectivn of t € ™ e rooy hair is a complr®  reroded »~ ~ ~atis slightly larger than the
width of the bacteria ¢« and is presumably created by localized enzyr~ ¢ nyarolysis of the host cell
wall. Consistent v ** ~se ultrastructural events, various rhizobia have et - shown to produce cell-
bound celiulases a d pectinase, and the legume host produces a polygalacturonase in response to
the rhizobia' symbio " * " s <" dy, we have used various types of microscopy and enzymology to
further define »" e '~ obiai moc ‘ication <f root epideral cell walls in order to shed new light on the
mechanism of primary host intection . e Rhizob im-legume symbiosis. Quantitative scanning
electron microscony indicatec. 1é . 2 icidence ¢ ig. y localized. nar ally eroded pits on legume
root epidet 1al we s thati ow?! eco wournff 2 zobi. cellwas - heri aostthanin non-host
rizoviale U 2 i ons, vileu 0y nifraze s »miy,  d i ¢+ uced by wild type
c olipo gosaccharide Nud factors veversiby adsorbed ~ iatex veaus. More detailed TEM
urasttic ca a ysiscfi 2p ot ¢ ded, epiderniai pits  dicates et the amoarphous, non-
crystai‘ne por o s of 2v: were  ~rupted ‘tereas e “rys e Jor*ons rem © =d

ultrastruct - act. In ~icrosc ™ ice' - 2son ector 2t d' Tt étac’ ties of ' izobial
chitolipoc'gos: ' di s, wefnund U r Drief ex . .05 exter! wed aon
0ig cellae T T s, ady T oy reas oL L el Ty rrroc e
D ze ¢op S LCys Zel .o reell o L oop . o N .Lfae . ce
LBl WL ec . voull Lo @ fe.o. B¢ g asesand  Saawe o Izobial
e Y. SOLS'S T W U, VPO .., we . Te o [y 1o a0 - phase

s lie nrar 7y Ny ey 3 vy 2clover
YN0 @ ar (AtArT 0 W Aot pre v sttt s e R el iy
gvca ~7 o3, 3¢ QAT s np - " tan oy 2 zec
sFe T th ¢, noncrys® capex 1 T “opar Se e -1 | ~izob
gyté 15es ¢ ore ex vely degrade c¢' e T wets owl rown v
¢’ Y. "iosacc’ ‘desfrc " wverrhiz¢t T . Tlesere Usst oastu ler Tary roie of
.. _obia’ cel.b " o_.nasesa b0t . osar Co.olssoocre 3.2 ca zed portals of
., oosuccessiiipr. ryho Llo2C 0 L 1€ haeeo, egume s, s
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EARLY EVENTS IN THE INFECTION AND NODULATION OF LUPINUS ALBUS VISUALIZED
WITH GFP-TAGGED BACTERIA

Alfonso Gonzalez-Sama, José J. Pueyo, and Maria R. de Felipe
Department of Plant Physiology and Biochemistry, Centro de Cieircias Medioambientales, CSIC,
Serrano 115-bis, 28006 Madrid, Spain

Green fluorescent protein (GFP) labe  1g of cells allows direct exerrination by confocal fluorescence

microscopy and can b used as a tool 1o study the colonization of the " :gu e root by r™izobia.

" pinus albus is usL y colonized by Bradyrhizobium sp. ©* 2inus) ¢ ¢ order to study the early
s 1ges of the infecior. and nodulation processes in this sy do¢’s, .~ 1. does not seer =0 follow the

infection .orea. . echapism, we . emptec the tre arma. :n ¢, e bac eria with the gfp gene.

However v <f~ naionof sever: Bradyrhizeo s sp. ¢ r by v rious methods resulted
HSUCCEese .

We transfor 1ed by elect anoration & Mesorhizobit ~ of streir 5¢ e * Jin nodules with 2
plas dvec »* ~*coit & sexpr ~sesagfpger ¢t ~ ¢ ant e se dnzé an fragment
of plas dRK2, s~ 1sures 1atce - remain labellea roughor * ection and noduiation with  *
selec vepress (7 - ~andV ‘er, 1998).

Lupl Hlantsins "o w Tt "bacter” * )¢ ' 'isT rtatosT wroduced
thep.. b3 " w Brady ! _ bl Tuores 2~ ¢cosc yevie | epresence of
SFF. o _ s ¢ oa0C s, . spro o a i ad . es, te the early
R U G D ' .., & DI0CESS . . CORTC cuw D L 2 .nt.

e g 2738 lae . 80,3833 Y
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S6-P27

Sinorhizobium fredii HH103 HAS A NON FUNCTIONAL COPY OF nolO

Madinabeitia, N.'; Beliogin, R.A.'; Buendia-Claveria, A.'; Camacho, M.%; Cubo, M.T."; Espuny, M.R.;
Gil, A% Lyra, M.C.C.P."; Moussaid, A.'; Ollero, F.J."; Ruiz-Sainz, J.E."; Soria-Diaz, M.E .3, Zeng, J.*

' Departamento de Microbiologia, Facultad de Biologia, Universidad de Sevilla.

*C.LFA. Las Torres-Tomejil. Apartado Oficial 41200. Aicala del Rio, Sevilla.

* Departamento de Quimica Organica, Facultad de Quimica, Universidad de Sevilla.

* Department of Microbiology. College of Biology. China Agriculiural University.

Transposon Tnb-lacZ mutagenesis was carried out to generate a set of mutant derivatives of S. fredii
HH103. Mutant strain SVQ121 shows increased p-galactosidase activity in the presence of flavonoids
suggesting that the promoteriess lacZ is now under the control of a nod promoter. The mutated gene
of SVQ121 was cloned and sequenced. Analyses of the sequence showed that this gene is highly
homologous to the nolO gene of Rhizobium sp. NGR234. The NolO protein is responsible for the 3 (or
4)-0-carbamoylation of the non-reducing terminus of Nod factors. However, HH103 synthesizes non-
carbamoylated Nod factors.

TLC analyses showed that SVQ121 Nod factors are altered in comparison to those produced by the
parental strain HH103. Mutant strain SVQ121 is less competitive than its parental strain HH103 to
nodulate soybean cv. Williams, although the kinetic of nodulation and the ability to fix nitrogen were
not affected.

Nodulation factors produced by SVQ121 show a lower methy-fucosyl/fucosyl ratio than that show by
HH103 Nod factors. Because the O-methylation of nodulation factors is carried out by Noel, we
sequenced the complete S. fredii noel gene which 1s located downstream of the nolO gene.

A HH103 noel mutant (SVQ503) was constructed by insertion into the noel gene of a spectinomycin-
cassette. SVO503 shares most of the SVQ121 characteristics except that Nod factors produced by
the former were devoid of methyl groups.

When the wild copy of noel was introduced into SVQ503 and SVQ121 mutants, both of them
produced Nod factors showing the methylation level of those produced by HH103. Comparison
between the nolO coding sequences of HH103 and NGR234 showed that the former should produce
a truncated NolO protein due to the deletion of two separated bases that originates an early stop
codon.

Therefore, it is possible to conclude that the SVQ121 phenotype is due to a polar effect on the noel
gene, and the methylation level of the Nod factors atfects bacterial competitiveness for nodulation
soybean c.v. Williams.

This work was supported by Grants BI099-0614-C0O3 and ERBIC 18CT970191
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CLONING AND CHARACTERIZATION OF A cobO MUTANT OF SINORHIZOBIUM FREDII HH103.

Medina, C.; Espuny, M.R.; Ruiz-Sainz, J.E and Cubo, M.T.
Dpto. de Microbiologia, Facultad de Biologia, Universidad de Sevilla, Apartado 1095, 41080-Sevilla
(Spain)

Sinorhizobium fredii is a fast-growing bacterium that nodulates soybean (Glycine max (L.) Merr.) and
several other legume species.

The phenotypes of different rhizobia auxotrophs have provided important information about the
physiology of nodule development. The symbiotic phenotype of rhizobia auxotrophic mutants varied
with the type of mutation. For example, adenine auxotrophs are in most cases Nod-, while leucine
auxotrophs are Fix~.

We have carried out transposon Tn5-B20 mutagenesis of S. fredii HH103-1 strain (=HH103str®) and
have isolated a methionine auxotroph mutant (SVQ336). The right Tn5-B20 flanking region from the
SVQ336 mutant strain was subcloned and sequence analysis revealed a putative open reading frame
highly homologous to several cob(l)alamin adenosyltransferase coded by the cobO gene. The highest
similarity was obtained with the cobO gene of Pseudomonas denitrificans. This enzyme is involved in
the cobalamin biosynthesis pathway. Cobalamin acts as a coenzyme of some enzymes, such us
cobalamin-methionine syntase (MetH), which catalyzes the last step of the biosynthesis of methionine.
Mutant strain SVQ336 is able to grow on minimal media supplemented with methionine or cobalamin.
This mutant strain showed a larger generation time than the wild-type strain HH103-1 even in the
presence of methionine or cobalamine. On TY rich-medium generation time was about 4 hours for
mutant strain SVQ336 while it was of 2 hours for HH103-1. Or ~  mal medium supplemented with
cobalamin or methionine generation time was about 10 and 7 hours for SVQ336 and HH103-1,
respectively.

Induction of the common nod genes was studied on SVQ336 mutant strain, using plasmid pMP240,
which contains the lacZ gene under control of the nodA promoter. No difference on nodA promoter
activity were found between HH103-1 and its mutant derivative SVQ336 when the flavonoid genistein
was used as inducer.

Mutation in the cobO gene severely affected the symbiotic phenotype of HH103-1 strain, since the
number of nodules on soybean plants inoculated with SVQ336 was reduced 96% in comparison with
the number of nodules produced by the wild-type strain HH103-1.

This work was supported by CICYT Grant BI099-0614-CO3.

m]1%5m



\L

“Ar

Vi

.
X J
> 3
H \
S ~
- >
~ 4
'
-
NP .
~
., ‘
) .
<
> X
“
\ ‘
. -
)
N

$6-P30

[§
(SR

NV

'

" ~
BV
Vs
S~




... Poster abstracts/ Symposium 6

$6-P31

EFFECT OF nodD1 FITA MUTATIONS ON SINORHIZOBIUM FREDI NODULATION ON SOYBEAN.

Vinardell, J.M.}, Ollero, F.J.!, Espuny, M.R.", Bellogin, R.A.! Temprano, F.'; Rodriguez-Navarro, D. N.?2

& Ruiz-Sainz, J.E.

' Departamento de Microbiologia. Facultad de Biologia. Universidad de Sevilla. Apdo. 1095. 41080-
Sevilla.

2 CIFA “Las Torres y Tomejil”. Apdo. Oficial. Alcala del Rio, Seuvilla.

it has been described that nodD FITA (Flavonoid Independent Transcription Activation) mutations can
alter several rhizobial symbiotic properties. Interestingly, some of the FITA mutants previously
described are affected (positively or negatively) on their nitrogen fixation ability. We have developed a
genetic system (based on the presence of a gene conferring tetracycline resistance under the
transcriptional control of a nod promoter) that allows positive selection of nodD FITA mutants. By
using this system, we have isolated ten FITA mutants of Sinorhizobium fredii HH103 Rif* pSym::Tn5-
Mob (strain SVQ270). FITA-SVQ251 is significatively less effective with soybean cv. Williams than its
parental strain SVQ270. Instead, FITA-SVQ255 appears to be more efective than SVQ270 with this
plant. Transfer of the symbiotic plasmids of SVQ270, SVQ251 and SVQ255 to the pSym-cured
derivatives of S. fredii USDA192 and USDA193 allowed the study of FITA-mutations in different S.
fredii backgrounds. Transconjugants carrying pSym-SVQ255 produced more nodules on soybean that
those harbouring pSym-SVQ270 or pSym-SVQ251. Moreover, USDA192-pSym- or USDA193-pSym-
transconjugants carrying pSym-SVQ270 or pSym-SVQ251 were equally effectives with soybean c.v.
Williams. These results show: 1) the importance of the pSym/chromosomal background interaction
and 2) the possibility to obtain different symbiotic phenotypes derived from nod gene constitutive
expression. The nodD1 genes of mutants SVQ251 and SVQ255 were isclated by PCR, sequenced
and compared to the nodD1 sequnce of HH103. In both cases we found punctual differences with
regard to the wildtype sequence, affecting always to a leucine residue. Leucine at position 244 has
changed to a isoleucine residue in FITA-SVQ251, whereas in FITA-SV(255 the same leucine residue
has changed to a valine residue and the leucine at position 288 has been substituted by a proline
residue. Interestingly, most of leucine residues of NodD1 proteins are strongly conserved,
suggesting that they could play an important role in the structure and/or function of this protein.

This work was supported by Grant 1FD97-1430-C04-02.
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AUTOREGULATION OF NODULATION IN VICIA SATIVA SSP. NIGRA

Anton A.N. van Brussel, Teun Tak, Kees J.M. Boot, and Jan W.Kijne
Institute of Molecular Plant Sciences, Clusius Laboratory, Leiden University, Wassenaarseweg 64,
2333 AL Leiden, The Netherlands.

Rhizobium bacteria induce formation of root nodules on leguminous plants, such as Vicia sativa ssp.
nigra {vetch). Only plants in a particular physiological state are able to form root nodules. At least two
conditions render legume roots resistant to nodulation, (i) the presence of a large amount of
combined nitrogen, for example nitrate, and (i) the presence of already formed root nodules. The
latter situation is called autoregulation of nodulation (AUT). On roots in which AUT is induced, root
nodules arrested in various stages of development can be observed. The mechanism of AUT is
unknown. We study AUT by using a so-called split root system, in which two roots on one plant, root A
and root B, are separately grown and inoculated. The systemic influence of treatment of root A on
root B can be analyzed. Results obtained with this system show that AUT in root B can be triggered
by rhizobial nodulation of root A and, to a lesser extent, by inoculation of root A with a Rhizobium
mutant strain that induces formation of normal nodule primordia but not of infection threads. Purified
vetch-specific Nod factors (NodRIv-IV/V[18:4 Ac), mitogenic, and, to a lesser extent, NodRIv-
IV/V[18:1,Ac], non-mitogenic) added to root A induced partial AUT in root B. These results indicate
that induction of a partial AUT is not dependent on formation of infection threads and nodule
primordia. Significantly, under unbuffered conditions, induction of AUT coincided with growth
differences between root A and root B. Root A became much longer and thicker than root B, while the
growth medium of root B became very acid in comparison to that of root A. Strong buffering of the
plant growth medium normalized growth of root B, and equalized or diminished growth differences
between root A and root B, while AUT remained. Interestingly, under unbuffered conditions, but not
under buffered conditions, the AUT-related phenomena at root B could be induced by addition of
zeatine to root A. Possibly, the mechanism of AUT in a split root system consists of two components,
one dependent on nodule primordium formation in root A, and one dependent on the physiological
state of root A, determined by its hormonal balance.

1199 m
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THE REGULATION OF EXOPOLYSACCHARIDE BIOSYNTHESIS IN SINORHIZOBIUM MELILOTI

S. Riiberg, B. Baumgarth, |. Quester, A. Plhler and A. Becker
Universitat Bielefeld, Fakultat fiir Biologie, Lehrstuhl fir Genetik, Postfach 100131, 33501 Bielefeld,
Germany

Sinorhizobium meliloti produces two structurally different exopoly-saccharides: EPS |
(succionoglycan) and EPS Il (galactoglucan). At least one of these EPSs is required for invasion of
Medicago sativa nodules by S. meliloti. The biosynthesis of EPS lis directed by the exo/exs genes,
whereas the exp genes are required for the biosynthesis of EPS [l S. melifoti wild type cells normally
produce only EPS I. The biosynthesis of EPS Il is induced by phosphate limitation (Zhan et al., 1991)
or in the presence of a mutation in either the expR or mucR gene. An additional regulatory gene could
be identified with the gene expG which is located in the exp gene cluster (Becker et al., 1997). Using
exp-lacZ transcriptional fusions a stimulating effect of either extra copies of this expG gene or the
mucR mutation on the transcription of all exp complementation groups was determined. Phosphate
limitation also resufted in increased expression of the exp-acZ fusions. This increase was reduced in
strains characterized by a deletion of expG. The S. meliloti phoB gene was required for the activation
of exp gene expression under phosphate limitation, but not for induction of exp expression by MucR
or ExpG. The expA, expD, expG and expE promoters contain sequences with similarities to the PHO
box known as the PhoB-binding site in phosphate-regulated promoters in Escherichia coli. Additional
analyses of these putative PHO boxes with the help of a new constructed promoter-probe vector
supported the assumption that these PHO boxes might represent binding-sites for PhoB.

Bardin & Finan (1998) Genetics 148: 1683-1700

Becker et al. (1997) J Bacteriol 179; 1375-1384
Zhan et al. {1991) J Bacteriol 173: 7391-7394
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S6-P37

MEMBRANE BIOGENESIS IN PEA NODULES

Eugenio Butelli and Nicholas J. Brewin.
Department of Genetics, John Innes Centre, NR4 7UH, Norwich, UK.

The legume root nodule has many features that make it an excellent model in which to analyze the
trans-Golgi network in plant cells. In the central tissues of pea nodules, each host cell is
hyperinfected by endosymbiotic Rhizobium cells. Each bacterium is individually enclosed by a plant-
derived “symbiosome membrane” (SM). The total surface area of this membrane is 30-100 times
greater than for plasma membrane, making it a highly specialized, highly amplified membrane
compartment. Although several SM specific proteins have been identified, the targeting of these
components to the SM is completely unknown and no specific target information seem to be present
in the different nodulins analysed to date. Due to the “mosaic” nature of the SM, which shares
characteristics of both the plasma and the vacuolar membrane, it seems possible that the infected
cell is abte to re-direct more than one targeting route to the SM.

A symbiotically defective pea mutant, sym31, is arrested at an “early” stage of symbiosome
development, probably as a result of an aberrant vesicle targeting pathway. Evidence from antibody
probes suggests that in this mutant the composition of the SM is indistinguishable from that of
plasma membrane. Moreover, the enclosed bacteroids fail to develop the capacity for nitrogen
fixation and remain morphologically undifferentiated. Nodule-derived cDNA obtained from sym31 was
subjected to suppression subtractive hybridisation (SSH), in order to enrich for those transcripts with
enhanced expression compared to uninfected roots or wild type nodules. Using this approach, we
have identified several novel transporters that could mediate the delivery of yet unidentified
compounds to the differentiating bacteroids. It is likely that the nature of these nutrients changes
during nodule development, together with the differentiation of the symbiosome membrane.

203 m
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A PHASEOLUS VULGARIS NODULIN IS A HOMOLOG OF A CHLOROPLAST NUCLEOID DNA-
BINDING PROTEIN FROM TOBACCO.

Federico Sanchez, Juan Olivares, Rodolfo Lopez, Gabriel Guillén, Fernando Zamudio, Timoteo
Olamendi, Xochiti Alvarado and Lourival D. Possani.
Departamento de Biologia Molecular de Plantas. Instituto de Biotecnologia, UNAM. Apartado Postal
510-3, Cuernavaca, Morelos, C.P. 62271, México.

Nodule organogé esis is a developmental program involving complex molecular signaling events
between Rhizobi - and legumirous plants. Nodules are specialized organs where many plant
proteins (nodi*' ~ are expressed in craer to contribute to the establishment of multiple physiological
conditions * -~ roger ‘ation. We recently - edt homoger=ity a 41.5-kDa-bean nodulin by
chromatographic me 10ds. A pciycio a'a se  wasre .ed. rabbits and used to probe
immunoblots of proteir extracts frc  -evera 3st ~. A< e 4.5 kDa was exclusively detected in
bean nodules with ¢ ki etic patter: correspo 3 Ja ate nou ~ (12-30 dai). By immuno-
filuorescence confocal ucroscopy we observec 1a  1is proteir 1s restricted to the infected cells of

the nodule cer -al “issue. .0 order to g¢ . "isigh” "0 its probable ©  cticn, the a~* - acid sequence
correspo ~ g -y iwo com i Usi o a pephiceswzsder ) the aligne sec  ~ce (BLAST
program ~ave a igh y o 364iandsimT Iy (68 0 25ae, toaproteinfou d°

tobaccocr orcolas CND -1, T sjrc ensce aslo b ié ) DNA and o nege’ively reg e
photosy~ine ; ~ 3:si - 5 ~sy sochissuss. Curre ¢ o are ¢ ng a corresponding cDNA
and characterizi . possit e nod >ion.

Supported by ZONACYT 276« = ¢ JDGAPA-UNANM I\ 2 7298,
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CLONING AND CHARACTERIZATION OF CELLULOLYTIC GENES OF RHIZOBIUM
LEGUMINOSARUM BV. TRIFOLII ANU843

Dary, M'., Rodriguez-Llorente I.D'., Caviedes, M.A'., Mateos, P?., Martinez-Molina, E*., Dazzo, F*. and

Palomares, A.J'.

" Departamento de Microbiologia. Facultad de Farmacia. Universidad de Sevilla. 41012 Sevilla.
Spain.

? Departamento de Microbiologia y Genética, Universidad de Salamanca, Salamanca, Spain.

* Departmen® of Microbiology, Michigan State University, East Lansing, Ml 48824 USA.
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glucanase, exo-1,4-cellovio ydro ise ¢ 13 3-g 1cosidase. During et fectio of white clover roots by

Rhizobium ley =~ osarium biova trifc” eadi g ‘o developmer' = ‘"2 > 10dule the bacteria must
pass acrossi _roo” " rwall. Ca7 2 Ly _ U 2root, local ¢ owall “egra’ Torisre T _dto allow
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CHARACTERISING THE COMPETITIVE ADVANTAGES OF BACTERIOCIN PRODUCTION AND
RESISTANCE IN RHIZOBIA.

Milier D. A. and Beringer J. E.
University of Bristol, Biologica! Sciences, Woodland Road, Clifton, Bristol BS8 1UG United Kingdom.

Our culture collection contains a number of strains of rhizobia which have been shown to produce
bacteriocins against a range of sensitive strains. Bacteriocins are often defined as narrow-spectrum
antibiotics produced by bacteria and active against only closely related species or strains. It is logical
to assume the purpose of producing bacteriocins is to enhance the competitiveness of producer
strains. Bacteriocins may play an imporiant role in improving inoculant survival against indigenous
soil rhizobia.

We have developed an assay to measure the competitiveness of a bacteriocin-producing strain
against a sensitive: This is fast and reliable alternative to the more traditional plant tests which screen
for root nodules. The assay involves pipetting a 1:1 ratio of a producer and sensitive strain onto a
nitro-cellulose membrane placed onto suitable media. The bacteria are allowed *  zrow for 3 - 5 days
on the membrane, before they are washed off and plated onto to selective mec 2 to determine the
final ratios.

Using *vis method we have been able to characterise how effective different bacteriocin producers
area.k ~as~ siovestrain, w aidistance a sensit /e st ai needs 10 be o prevent :nhibition by a

ce ' “hacerion fo cere d*owgucky cacterioc v i, useas e strain

This methoc is Jse 3¢ arac™»r .ing bac eriocir oroduciic ¢fa  ~icular s “ain and maybe useful
‘o characterise  rtre” ‘1er - as st ilto W CC ™D tve ess, bu  ient iests will st be
necessarytocor ~..synl 7. "¢ 2nessasafina a~ - develsprnt o Superior inoc
swainsw . .roved cC JE. veness.
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MucR AND MucS ARE ESSENTIAL FOR GALACTOGLUCAN PRODUCTION IN SINORHIZOBIUM
MELILOTI EFB1.

M. Martin, J. Lloret, |.R. Oruezabal, |. Bonilla and R. Rivilla.
Departamento de Biologia, Universidad Auténoma de Madrid., Spain

S. meliloti can produce two types of acidic exopolysaccharides, succinoglycan (EPSI) and
galactoglucan (EPSII). Strain SU47 and derivatives under normal culture conditions produces only
EPSI, and secretes EPSIl under phosphate limitation conditions or in mutatants in either two regulator
loci, mucR or expK. Conversely, strain EFBI simultaneously produces both EPSs resulting in the
fromation of very mucoid coicnies. Genes responsible for the production and secretion of both EPSs
are organized ‘n two clusters, the exo/exs cluster for EPSt and *.. ~xp cluster for EPSII. It has been
proposed t at MucR acts as a transcric ~ al repressor that plouks the expression of the exp genes
respons “'2 for galactc- &~ oroduc on. W * e exp clster a regulatory gene wucS has been
found and is necessary ~ “he expression of exp genes a'd or EPSIl productior ¢ :r phosphate
limitation corditions. We have previously shown *hat in s ain EFB1, mucR is necessary for
galactoglucar production and mucS ex ression. A mucS mu a * produces non mucoid colonies
.ic.. are ficorescent i calcofivor. E. mutants were fur... »r ..y complemernted by the cloned

n Ran. 7 icS genes resne /ey, . iese results dicate thao. . ucRa o roucS are essential
Tg&aL0g Ica " OGLCHC 1L cuCZ trar € P ONe fuc 0 s of & weS pro ioter  ave : own a high

X"ress i3, €€ 18S vV 3 eynr ssSio cro¢Sroomt uroexpress inbc a
R.wa- 3 ucS- L Then s ~mcc™ o~ eRiIm m0¢ avely reg ~tirg
e~ St EFBY ar gt t ueS oty rel s cwoext s . wiie vel , mueSoay o
pealL - . T« 1 expr ssio eve observec - T orac ation of  1cS anu
‘ ‘rec ¢ ER IO o oo w Y ¢ " TeRand T icSon
oXproo oo T oewr L L he Dt oy ¢S ground
Adg.3s. . oxL. w2 ouck .0 v _os.outo. Rl ec .. ge.esin
D een . IV er  STeV3E L. .. . oenonfc caxp.ese L Tos
3 C0 S 2 opLA T oo e 230 ustre estie G wuXpFia wcon s
r r ! g ex e N " L wre o arec.
~ e n vOm. eys . . vaG.T 73 e 3 20Nservea . X
5] ~tade e troste e e sie oo ¢ gt ~eofeac oeon, excepl exghit -
5 y20 po ocea .o acss '~ oat siaterre~t o ~oar - R2 expl promoter. This
hypothesis mig ¢ xj terest T €O express t e ~ucS ackgrosna,
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THE NODULIN VFENOD18 IS AN ATP-BINDING PROTEIN IN THE INFECTED CELLS OF VICIA
FABA L. NODULES

J. D. Becker, N. Hohnjec, M. Frihling, L. M. Moreira, D. Kapp, U. Albus, S. C. frosch, H. Kiister, A.
Pihler, A. M. Perlick
Biologie VI (Genetik), Universitat Bielefeld, Postfach 10 01 31, D-33501 Bielefeld, Germany

The broad bean nodulin gene VIENOD18 was identified following a differential screening of a nodule
cDNA library. The corresponding 0,8 kb transcripts were exclusively detectable in root nodules,
transcription started 5 days after inoculation and was localized by tissue-print hybridization in the
nitrogen fixing zone Ili. By comparison, broad bean leghemoglobin gene expression commences one
day later. Several VIENOD18 genomic clones were isolated. Surprisingly, only one clone contained
the 5" UTR known from the isolated VIENOD18 cDNAs. All other clones had a different sequence
instead. We conclude that two different VEENOD18 loci exist in broad bean, only one of them being
responsible for the synthesis of the VIENOD18 transcripts detected in root nodules. The potential
promoter sequence of the VIENOD18 gene was fused to the GUSint reporter gene and used to
generate transgenic Vicia hirsuta roots via the A. rhizogenes transformation system. GUS staining in
transgenic nodules was located exclusively in the nitrogen fixing zone Ill.To characterize VIENOD18
on the protein level polyclonal antibodies were generated using the purified recombinant VIENOD18
protein produced in £. coli by employing the pMAL-c expression system. These antibodies recognized
immunoreactive proteins in tissue extracts from indeterminate nodules of different leguminous plants,
but also from non-symbiotic tissues of Glycine max and from tissues of Arabidopsis thaliana and Zea
mays. Using immunogold labelling the nodulin VIENOD18 was localized in the cytoplasm of infected
cells in the nitrogen-fixing zone of broad bean nodules. The VIENOD18 amino acid sequence
displayed homologies not only to amino acid sequences deduced from various plant ESTs, but also to
the bacterial MJO577 superfamily. The name-giving Methanococcus jannaschii protein can bind ATP.
PCR experiments revealed that the amino acid sequen-ces of the putative C-terminal ATP-binding sites
of the VEENOD18 homologues from Lens culinaris, Vicia hirsuta, Vicia sativa and Vicia villosa are
conserved. Interestingly, most of the amino acids involved in ATP-binding are con-served in the
VEENOD18 protein and its plant homologues. Using the recombinant VIENOD18 protein in conjunction
with the biotin photo-affinity ATP analog 8N,ATP[y]biotin it could be demonstrated that VIENOD18 is
an ATP-binding protein. The recombinant VIENOD18 showed no ATPase activity by itself. We propose
that VIENOD18 is a member of a novel family of ATP-binding proteins in plants probably showing
ATPase activity only in combination with factors undetected so far.

m2]l7m
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THE FUCOSE BIOSYNTHESIS LOCUS OF RHIZOBIUM ETLI IS CONSTITUTIVELY
TRANSCRIBED AND IS REQUIRED BOTH FOR NOD FACTOR AND LIPOPOLYSACCHARIDE
BIOSYNTHESIS

Pablo Vinuesa and Dietrich Werner,
FB Biologie, FG fur Zellbiologie und Angewandte Botanik, Philipps-Universitat Marburg, D35032
Germany

In a previous report {Vinuesa et al., 1999) we described the identification of a plasmid-borne locus of
R. etli strain KIM5s involved in lipopolysaccharide (LPS) O antigen biosynthesis. Here we present an
extension of that work, reporting the identification, mutagenesis and regulation analysis of two other
genes involved in O antigen biosynthesis. We show that the gmd-fc/ locus of R. etli KIM5s is
presumably involved in the synthesis of a constitutive fucose pool, which is used by specific
fucosyltransferases for LPS and Nod factor (LCC) fucosylation, respectively. gmd-fc! orthologues
have been previously identified in other rhizobia (e.g. A. caulinodans, S. fredii and Rhizobium sp.
NGR234), where they are flavonoid- inducible as part of hsn loci, being called noel and nolK,
respectively. However, in R. etli strains this locus forms part of LPS O antigen biosynthesis clusters,
and is expressed constitutively, both under free-living and symbiotic conditions, as shown by
transcriptional fusions to gusA. R. etli strains carrying mutations in the gmd-fct locus display a rough
LPS, eliciting empty pseudonodules on bean plants, the infection threads aborting in the root hairs or
in the first layers of cortical cells, as revealed by microscopical analysis of gusA- and gfp-tagged
cells. The LCOs secreted by such mutants show an altered mobility on TLC plates, as compared to
those of wild-type strains, presumably because they are not fucosylated. This will be determined by
GC-MS analysis of the LCOs produced by the wt and mutant strains. Using degenerate primers we
could PCR-amplify and clone an internal fragment of the nodZ gene of R. etli strains. This fragment
was used for mutagenesis of the nodZ locus. We are constructing nodZ::lacZ transcriptional fusions
to study the regulation of this gene. We hypothesize that in strains producing fucosylated LPSs
(and/or EPSs) and LCOs, the fucose biosynthesis locus is constitutively transcribed, representing a
metabolic link in the biosynthesis of surface polysaccharides and LCOs. We expect that in R. et
strains only nodZ, the LCO-specific fucosyliransferase, is flavonoid regulated. We are currently
testing this working hypothesis experimentally.

Vinuesa et al,, 1999. J. Bacteriol. 181:5604-5614

m2]9m
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IN VITRO MUTAGENESIS OF BRADYRHIZOBIUM JAPONICUM sipF GENETIC REGION BY A
NOVEL TRANSPOSON TnKPK2

Bernd Ulrich Becker, Danny Stinge!l, Peter Miiller
Philipps University Marburg, Biology, Molecular Cell Biology and Appl. Botany, Karl-von-Frisch-Str.,
35032 Marburg, Germany

We have previously constructed symbiotic mutants of B. japonicum by introducing the transposon
TnphoA into its genome, thereby setting polar mutations. Two individual mutant strains turned out to
be of particular interest, because they exhibited specifically disturbed phenctypes only in symbiosis
with the host plant (Glycine max). As revealed by a detailed genetic analysis, TnphoA was inserted in
two different alleles of prokaryotic signal peptidases. Since both signal peptidase genes, sipS and
sipf, have been demonstrated to encode functional enzymes (Bairl and Miller 1998), the concept
was developed that in Bradyrhizobium the signal peptidases are involved in the signal tfransduction
between the invading bacteria and the host plant, and the two different signal peptidases are
responsible for the processing of different subsets of preproteins.

The adjacent DNA fragments of the sipF and sipS genes were cloned and sequenced hoping to
identify genes encoding putative preproteins that have to be processed by one or the other signal
peptidase. To identify periplasmic proteins, and to test their expression and functional importance for
the symbiotic interaction with soybeans, an in vitro mutagenesis was carried out using a novel ‘phoA-
Km* cassette that is based on a modified version of Tn5 (Reznikoff et al.1999). The method and the
newly designed transposon TnKPK2 will be presented, transposition events will be introduced, and
further options to use TnKPK2 as a versatile tool will be discussed.

Bairl A, Muller P (1998) Mol Gen Genet 260:346-356
Reznikoff W, Goryshin | (1999) Epicentre Forum 6:5-7
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INTEGRATION OF CELL CYCLE IN THE NODULE DEVELOPMENTAL PROGRAMME OF
MEDICAGO

Eva Kondorosi, Francois Roudier, José Maria Vinardell, Angel Cebolla, Elena Fedorova, Spencer
Brown, Janos Gyorgyey and Adam Kondorosi
Institut des Sciences Végétales, CNRS UPR 040, 91198 Gif-sur-Yvette, France

Symbiosis between Rhizobium soil bacteria and their leguminous host plants results in the formation
of a novel plant organ, the root nodule, specialised for symbiotic nitrogen-fixation. Nodule
development can be programmed in a well defined root zone by application of the Rhizobium
lipochitooligosaccharide Nod factors acting as host-specific mitogenic signals.

In nodule arganogenesis cell cycle plays key roles both i) at the formation of the de novo nodule
meristem by activating the cell cycle in the differentiated cortical cells and ii) at cell differentiation by
arresting cell division or transforming mitotic cycles to endocycles for development of large
symbiotic cells.

Studying nodule organogenesis in the Rhizobium meliloti-Medicago symbiotic model system, we aim
at the identification of cell cycle components switching the cell fate either from quiescent state to
proliferation or from proliferation toward differentiation. In Medicago roots and cell cultures Nod
factors activate the cell cycle in the GO-arrested cells. To elucidate the action of Nod factors on re-
entry of cell cycle and cell proliferation we have been studying different cell cycle elements,
particularly cyclins regulating the transition of cells through the GO/G1-S and G2-M phases. The cell
cycle function of an A2-type cyclin and its involvement in nodule organogenesis will be presented.
Moreover, we show that a cell cycle switch gene, ccs52 is essential for differentiation of nodule cells.
Our studies indicate that ccs52 is a novel regulator of the plant cell cycle that controls growth arrest,
endoreduplication and cell size.

m223m
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ION CHANNELS CURRENTS IN PLASMA MEMBRANE VESICLES FROM BEAN ROOTS.

D. Balleza, F. Gomez, F. Sanchez & C. Quinto.
Departamento de Biologia Molecular de Plantas. Instituto de Biotecnologia, U.N.A.M. Cuernavaca,
Mor., Mexico.

Soil bacteria of the genera Rhizobium interact with the roots of legumes and form nodules in which
afmospheric nitrogen is fixed. The specificity of this symbiotic relationship is given by Nod Factors
(NFs) which are morphogenic lipochitooligosaccharides (LCOs) secreted from Rhizobium. These
molecules are able to elicit, at pico- or nanomolar concentrations symbiotic responses on the host
plant. We have reported that one of the earliest responses of bean root hairs to specific NFs is a
calcium increase in the cytosol which is due at least in part by Ca2+ influxes from the external
medium [1]. Felle et al. [2] have proposed that in root hairs of alfalfa (Medicago sativa) a calcium
influx and a plasma membrane depolarization could be caused at least in part by a Cl- efflux, followed
by a K+ efflux to rectify the membrane potential. Kurkdjian et al. [3] recently reported that anion
channels, K+ channels and H+-ATPase pump currents are involved in these responses.

In order to understand the nature of the ion fluxes involved in the NF-induced electrical response, we
directed this study to examine the different ion channels present in the plasma membrane of root
cells. To do this, plasma membrane vesicles purified from roots of the common bean (Phaseolus
vulgaris L.) were fused with DiphyPC planar bilayers under voltage-clamp conditions. Following this
approach, we have found at least two kinds of voltage dependent conductances: a high conductance
anionic channel and a more freguently observed, cationic channel. An analysis of each channel type
will be presented and its possible role on NF signaling will be discussed.

1. Cardenas, L. et al. (1999). Plant J. 19 : 347-52.
2. Felle, H.H. et al. (1998). Plant J. 13 ; 455-63.
3. Kurkdjian, A.C. (2000). Plant J. 22 : 9-17.

Work financially supported by grants from DGAPA-IN212298 and CONACyT-27698N. D. Balleza has
been supported by CONACyT scholarship
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DIFFERENT TYPES OF NODULES INDUCED BY SURFACE POLYSACCHARIDE MUTANTS
TR53 AND TR63 OF SINORHIZOBIUM MELILOTI.

T.V. Zatovskaya, E.V. Morzhina, K.V. Ushakov and B.V. Simarov.
Research Institute for Agricultural Micrabiology, St.-Petersburg-Pushkin, 189620, Russia.

Two mutants Tr53 and Tr63 defective in surface polysaccharide synthesis were obtained by random
Tnb-mutagenesis in Sinorhizobium meliloti CXM1-188. Tr63 showed inability to grow on LB medium
with DOC but had the same lipopolysaccharide profile as the parent strain. Tr53 was resistant to DOC
but demonstrated changed LPS profile. In sterile plant tests on Medicago sativa (bv. Vega) both
mutants induced nodules of four types: (1) white small irregular in shape nodules; (2) white long
curved nodules; (3) white-pink cylindrical ineffective nodules and (4) pink effective nodules. The
nodules of two first types were hystologically and cytologically defective and contained
undifferentiated bacteroids in plant cells. The nodules of 3 and 4 types were morphologically like to
these of CXM1-188 strain. From the effective nodules of 4 type were isolated bacteria with altered
polysaccharide phenotype, which were more mucous than Tr53 and Tr63 but sensitive to DOC.

Diversity of nodule types may be result of individual interaction beiween host plant and bacteria
defective in synthesis of surface polysaccharides in attempt to establish an effective symbiosis.

m227m
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RECENT CONCEPTS ON THE GENETICS AND ROLE OF BRADYRHIZOBIAL CYCLIC BETA-
GLUCANS IN SYMBIOTIC NITROGEN FIXATION

D. L. Keister!, R. Chen', A. Bhagwat', A. Mithofer? and J. Ebel?
' Soybean & Alfalfa Research Lab, USDA-ARS, Beltsville, MD, USA.
* Botanisches Institut der Universitat, Munchen, Germany

Cyclic beta(1,3)(1,6)-D-glucans are essential for symbiotic nitrogen fixation by Bradyrhizobium
japonicum in soybeans. These bacterial molecules function as periplasmic osmolytes in free-living
bacteria and appear to have an additional role in nodule development and symbiosis. Our current
hypothesis is that these molecules function in the suppression of a host defense response during
nodule development.

Previously we identified two genes, ndvB and ndvC involved 1 glucan synthesis. Mutation in ndvB
abolishes glucan synthesis and mutation in ndvC results in synt esis of structurally altered glucans.
Recently, we identified a third gene, ndvD, by complete sequencing of the ndvC,D region, deletion,
mutagenesis and complementation. ndvD is required for glucan synthesis, motility and effective
symbiosis.

Evidence for the role of the cyclic beta-glucans in the suppression of the host defense response in
soybean will be presented.
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DISSECTION OF NODULATION SIGNALLING USING PEA MUTANTS DEFECTIVE FOR NOD-
FACTOR-INDUCED CALCIUM SPIKING IN ROOT HAIRS

Simon A. Walker, Virginie Viprey and J. Allan Downie
John Innes Centre, Colney Lane, Norwich, NR4 7UH, UK

Intraceliular calcium was monitored using a fluorescent dye in pea root hairs following the addition of
Rhizobium leguminosarum bv. viciae Nod factors. About 10 1 1 after Nod factor addition, spikes in
fluorescence occurred at a frequency of about one er minute. 1hese spikes, corresponding to
approximately a 200 nM (maximal) increase in the calcium conce~ a on, were localised around the
nuclear region, and were similar to *hose induced by Nod factors ° e ~"a (1). Calcium responses
were anaiyzed in non-nodulating pea mutarts represennng seve~ ioci* a* a*ect early stages of the
symbiosis. M . ‘ions affec” | [reeloci (sym8, sy " and sym19). oolis ed Nod-factor-induced
calcium spikir 3, whereas a normal response was see in 2as carrying alleles ¢ ym2*, sym7, sym9
and sym3 . . e absence of Nod-facto. ..nduced calc m spiking, suggests 1at this response is
relatec » 2 al s nalingard . at:  .ea :t e ependentlc " arerequire " :0 ‘ransduce the

Nocd-fa¢c rrecog itoaclc o oag acase. A e. the pote.. . order of pea
~oc latantznes ooy o drozor L0 g g V.. be nronosed baseou « 1 our defa o
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INVOLVEMENT OF SIX DIFFERENT PECTIN METHYLESTERASE GENES SUGGEST THE
COMPLEXITY OF PECTIN MODIFICATION DURING SYMBIOSIS

Pérez-Hormaeche J."? Carmona, E.'. Kondorosi A.2?, Ratet P.2and Palomares AJ.".
"Dept. de Microbiologia y Parasitologia. Universidad de Sevilla. 41012 Sevilla. Spain.
? Institut des Sciences Végétales. CNRS. 91198 Gif sur Yvette CEDEX. France.

? Institute of Genetics. BRC. Szeged PO Box 521. H-6701 Hungary.

Change in the components and architecture of the plant cell wall during the symbiotic Rhizobium-
legume interaction are still poorly understood. We have been studying the role of plant pectin
methylesterase (PME) genes expressed during the establishment of symbiosis between
Sinorhizobium meliloti and Medicago truncatula. Recently, we developed several molecular
approaches to study the expression of the M. truncatula PME gene family during nodule
development. Two groups of genes were identified based on their pattern of expression. MtPER, is a
PME gene which ts specifically induced during the first steps of the interaction by the presence of
rhizobia. This gene is located in a cluster contai 1g two other highly homologous PME genes
expressed only in the pollen, strongly suggesting that ey have evolved by gene duplication and that
their expression is restricted to a single organ. We show that five other M. truncatula PME genes
constituting the second group are under a more generai transc p onal control, resulting in different
levels of expression in several organs of the plant and during nor  ation. These results suggest that
for recruiting PME gene expression during the infection process and during the nodule organogenesis
two different evolutionary mechanisms were involved,

This work was supported by DGESIC grants PB96-1268 and PBS8-" * 58.
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SYMBIOSIS-SPECIFIC EXPRESSION OF RHIZOBIUM ETL! CASA ENCODING A SECRETED
CALMODULIN-RELATED PROTEIN

Chuanwu Xi', Martinez Moris, Eric Schoeters?, Jos Vanderleyden' and Jan Michiels*

'F. A. Janssens Laboratory Of Genetics, Katholieke Universiteit Leuven, Kardinaal Mercierlaan 92, B-
3001, Heverlee, Belgium

? Zoological Institute, Katholieke Universiteit Leuven, Naamsestraat 59, 8-3000, Leuven, Belgium

The symbiotic interaction between Rhizobium etli and its leguminous host Phaseolus vulgaris requires
elabarate communication between the partners throughout the = 'eraction process. We identified a
calmot ke pr te.. in K. etli. 7his protein was terived caisyrir and constiles the first example
oface od related protein in a grar-negative bacterium. Calsymi~ ha a modular structure with

three repeated 1omologous doriains, eacii carryl  two puiative el hiacs. Express .. .7 1e gene
encoding calsyrin, casa, i 1« el 1gcol  tionardir'ec » of R etliw .. :e host and in
the bacteroid stage. "~ 3ssior of casao~~ rs epender ly ol X _han oitrogen fixation

genes, butiscor le oy arepressor - ote *belanging tc ' ~ e - fer 1 of regulatory proteins.
Inactivaiion of casad™ uihs - developr a1~ ~* bacteroids d = 5 sy1 )sis and s -ongly reduces

< fic C"xeHno T orcalsyr aprot was -t~ o de ones ~d 2 o ssess Car
cdingac ty. Lelsec o sy Tt T e o - =20 orot . leoro ose

catcalsym . s acsete cor oo ¢ Do . het e~tter elanm obu
C oo BSU o o haen
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S6-P71

SYMBIOTIC CHARACTERISTICS OF RHIZOBIUM LEGUMINOSARUM BV. VICIAE AND
BRADYRHIZOBIUM SP. (LUPINUS) HUP- AND HUP- STRAINS

Nina Lisova, and Mychaylo Galan
Institute of Agriculture and Animals Biology UAAS, Ukraine

About 30% of Rhizobium leguminosarum bv. viciae and Bradyrhizobium sp. (Lupinus) nodule isolates
collected from plants growing near Lviv (Ukraine) and Lublin (Poland) were Hup'. Vicia villosa, Vicia
faba, and Lupinus futeus after inoculation with respective Hup* microsymbionts showed 15-20%
higher dry green mass than ! ose bacterized with Hup~ microsymbior:s.

Using the transposon m™ 5SSgusA21, two gus marked strains determined B18/13 and N23/12
were isolated from R. leguminosarum bv. viciae B18 Hup- and N24 Hup strains, respectively.
Obtained Gus- transconjugants were tested for nodulaticn ability, modulation competitiveness,
symbiotic effectiveness (dry greer mass, nitrogenase activity), and uptake hydrogenase activity. It
was found that strain B18/13 Gus™ R. leguminosarum bv. viciae was more competitive in nodule
formation on V. vilosa 1an wild type strain B18 and acquired the uptake hydrogenase activity. Other
examined Gus R. leg Jsarum bv. viciae strain N24/12 exhibited Hup~ phenotype similar as the
wild type strain N24.
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S7-P1

MOLECULAR AND PHENOTYPIC CHARACTERIZATION OF BEAN RHIZOBIA ISOLATED FROM
MOROCCAN SALINE SOILS

B. Mouhsine’, |. Bouhmouch!, J. Aurag', B. Kosier?, U. Priefer? and A. Filali-Maltouf!.

' Laboratoire de Microbiologie et de Biologie Moleculaire, BP 1014, Faculte des Sciences, Rabat,
Maroc.

2 Oekologie des Bodens, RWTH, Aachen, Woringer Weg 1, 52056 Aachen, Germany.

Among 150 isolates collected from three different soils of Morocco, 30 were found to tolerate more
than 2% NaCl in YEM media. Most of them were found to tolerate also acid conditions (4-4.5). In
alkaline media all the strains grew well at pHs 7.5 and 8.5 except strains RP 3 and RP 62 which died
at the later pH. At pH 9 all the strains, except one (RP 89), were moderately stressed (50% of
growth). Strain RP 89 seems to be the more alkaline-tolerant strain in our collection. This strain was
also very acido-tolerant, because it grows in buffered YEM medium at pH 4.5.

The fact that more than 60% of the strains tested until now can grow in media between pH 4-4.5 and
8.5 indicate that these strains are very plastic concerning their tolerance to common stresses in
soils such as salinity, alkalinity or acidity. The high tolerance capacity to such different stresses rises
the question of the mechanisms involved in the tolerance to each stress and possible ¢cross
protection phenomena.

Molecular characterization of these strains by REP and RAPD PCR methods has been used
successfully to identify genomic groups in the Moroccan bean rhizobia collection. Three groups were
identified: Group 1, includes strains close to Rhizobium tropici CIAT 899 type IIB, Group 2 contains 3
strains (RP 9, RP 10 and RP 41) and Group 3 also contains 3 strains (RP 174, RP 1982 RP 111). The
remaining strains did not fit in any of the groups defined above.

Until now R. tropici was currently found only in tropical soils of south America and Africa. For the first
time, we describe some strains showing genomic similarities with R tropici in a Mediterranean soil.

E24]l m
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ANALYSIS OF PHENOTYPIC RELATIONS,CELLULAR FATTY ACIDS AND CROSS NODULATION
OF SOME ROOT-NODULE BACTERIA ISOLATED FROM WILD LEGUMES IN EGYPT

Zahran, H.H., Abdel-Fattah, M., Ahmad, M.S., and Zaky, A.Y.
Department of Botany, Faculty of Science, Beni-Seuf 62511, Egypt.

Seventy two strains of root-nodule bacteria from 5 wild legumes (Melilotus indicus, Trifolium
resupinatum, Alhagi murarum, Sesbania seshan and Acacia nilotica) grown in cultivated lands of the
Nile Valley, were compared with 16 strains of rhizobia from Trifolium alexandrinum (a cultivated
forage legume) and with 10 representative strains of the genera Rhzobium, Sinorhizobium and
Mesorhizobium. The whole set of strains (98 strain)> were classified into 2 major groups at 85%
similarity, and in 10 clusters at 90%; similarity, after numerical analysis of their phenotypic
characterisics. Group (1) harbored 14 strains of wild rhizobia, 8 strains of T. alexandrinum and the
references (10 strains). The remaining strains of wild rhizobia (58 strains) appear to be with different
traits, they are not related to the references and occupied group (2) with 8 strains of T.
alexandrinum. Only 20 strains of wild rhizobia that formed nodules on roots of one or two of the
cultivated legumes Pisum sativum (7 strains), Medicago sativa (7 strains), Vicia faba (4 strains) and
Vigna sinensis (2 strains). Only 5 strains which formed effective symbiosis. The fatty acid profiles of
20 strains (the nodulating strains) of wild rhizobia were compared to those of 3 strains from T.
alexandrinum and 10 reference strains. The 33 strains of rhizobia were classified into 2 major groups
at 75% similarity after numerical analysis of the fatty acid profiles. However, data of fatty acid
analysis were conflicted with data of phenotypic relations. Identification and classification of new
strains of rhizobia appear to require both traditional (phenotypic) and modern (molecular) methods of
analysis

m243m
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§7-P5

DIVERSITY AND PHYLOGENY OF RHIZOBIA NODULATING ACACIA SPP. GROWN IN
MOROCCO

B. Khbaya, K. Zerhari, M. Neyra, P. Normand, J. Aurag, E.B. Berraho, F. Brhada and A. Filali-Maltouf.
Laboratoire de Microbiologie and Biclogie Moleculaire, Faculte des Sciences, Universite Mohammed
V, Rabat, Maroc

Phenotypic characteristics of 48 isolates obtained from root nodules of four Acacia species (Acacia
cyanophylla, A. gummifera, A. horrida and A. raddiana) growing in soils collected from the arid and
saharan regions of Morocco, were studied. The rhizobia were very diverse with respect to their cross-
nodulation patterns, as well as their physiological and biochemical properties (Zerhari et al. 2000).
Dendrograms obtained through computer numerical analysis of 52 phenotypic characteristics
showed that isolates could fit into four clusters below the boundary level of 0.85 average distance
and that they were very distinct from the reference strains. Some interesting isolates for inoculation
trials have been identified.

Rhizobia were compared by analyzing both the 16S rRNA gene (rDNA) and the 16S-23S rRNA spacer
by PCR/RFLP. Analysis of the length of 16S-23S spacer and the RFLP analysis of the amplified spacer
showed a considerable diversity within these microsymbionts.

Three clusters were identified when 16S rDNA analysis was carried out. Two of these clusters include
somme isolates which nodulate, nonspecifically, the four Acacia species. These clusters A and B, fit
whithin Sinorhizobium lineage and are closely related to S. melifoti and S. fredii, respectively. The
third cluster appeared to belong to the Agrobacterium-Rhizobium galegae phylum and is more closely
related to the Agrobacterium tumefaciens species. These relations were confirmed by sequencing a
representative strain from each cluster (Khbaya et al. 1998).

The hybridization of the two groups A and B against reference strains of the different species of the
Sinorhizobium shows that (i) the group A is clearly different from species S.terangae, S. saheli, S.
fredii, S. kostiense, S. arboris and S. medicae and relatively close to the S. meliloti species, (i) the
strains of Sinorhizobium sp. (Acacia spp.) group B are more related, but cleariy distinct from the S.
fredii. Based on all these results we suggest the creation of a new species, Sinorhizobium taliouini
(by reference to the Moroccan region from which was isolated the strain type of this species;
Taliouine), for this group of rhizobia that nodulate Acacia spp. in arid and semi-arid areas of Morocco.

245 m



T

2

\\

S$7-P6



... Poster abstracts/ Symposium 7

S$7-P7

HERBASPIRILLUM SEROPEDICAE Pil PROTEIN RELIEVVES NIFA INHIBITION BY NIFL IN AN
ENTERIC BACKGROUND

Benelli, E. M#, Buck, M.*, Bonatto, A. C.#; Souza, E. M.#; Moore, M.+; Harper, A.+; Yates, M. G.#;
Pedrosa, F. O.#

#Dep. Bioquimica-UFPR, C. Politécnico, C.Postal: 19046, 81531-990, Curitiba, PR, Brazil.
*Department of Biology, Imperial College, Biomedical Sciences Building, Imperial College Road,
London, SW7 2AZ, UK,

+Department of Chemistry, University of York, Heslington, York, YOI 5DD, UK

In Klebsiella pneumoniae GinK relieves NifLL inhibition of NifA under ammonium limitation, whereas Pl
interacts with NirB under nitrogen excess conditions resulting in the dephosphorylation of NtrC-P and
diminished nifA expression. Pll aiso controls glutamine synthetase (GS) activity by interacting with
GInE. In H. seropedicae Pl is not involved in the control of GS activity but it apparently controls NifA
activity. The ginB gene of H. seropedicae was able to relieve Klebsiella pneumoniae NifL inhibition of
NifA in an E. coli ginK strain. Similar result was observed in an E. coli ginD strain, suggesting that
uridylylation of H. seropedicae Pll was not required for this activity. H. seropedicae Pll is structurally
similar to E. coli Pll and GInK proteins. However, the C-terminal region H. seropedicae Pl has a helix
3,0 motif that is observed only in E. coli GInK. These results suggest that H. seropedicae Pli is
functionally similar to the enteric GInK and raise the possibility that the C-terminal region of GInK/PIl
proteins might be involved in nitrogen signalling to NifL/NifA.

Supported by: CNPq, PRONEX/MCT, and FINEP.
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S7-P9

NEGATIVE CONTROL OF THE N-TRUNCATED NIFA PROTEIN ACTIVITY OF HERBASPIRILLUM
SEROPEDICAE BY ITS ISOLATED N-TERMINAL DOMAIN IN VITRO.

Monteiro, R. A.; Souza, E. M.; Yates, M. G.; Chubatsu, L.S. and Pedrosa, F. O.
Departamento de Bioguimica-UFPR, Caixa Postal 19046, 81531-990 —Curitiba,PR.

The H. seropedicae is a nitrogen-fixing bacterium found in association with economically important
gramineae. The activity of the NifA protein of H. seropedicae is controlled by O, and NH,™. The NifA
proteins comprises three domains: the ONA binding C-terminal domain, the central domain,
responsible for the interaction with the o~ subunit of the RNA polymerase, and the N-terminal
domain, involved in inhibition of NifA activity by ammonium ions. Our previous results snowed that an
N-truncated NifA protein escapes activity control by NH,* and activates the K. pneumoniae nifH
promoter in £. coli. Control of NifA activity by NH,* ions was, however, restored by the N-terminal
domain expressed in trans suggesting an effective interaction between this domain and the N-
truncated NifA protein in vivo.

In the present work we analysed whether this interaction could occur in vitro. Band-shift assays
showed that the N-truncated NifA protein was able to bind to both R. melifoti nifH and H. seropedicae
nifB promoters. The purified N-terminal domain caused a disruption of the DNA-protein complex
indicating a negative effect of the N-terminal domain on the DNA binding activity of the N-truncated
protein.

Protease protection assays showed that the purified N-terminal domain protected the N-truncated
profein against digestion by Proteinase K and Trypsin. The rate of proteolysis was dependent on the
N-terminal domain concentration.

These results suggest that the N-terminal interacts with the N-truncated NifA protein affecting
negatively DNA complex formation and its transcription activation activity.

Supported by CAPES, CNPq, PRONEX(FINEP,MCT,CNPq).
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S7-P11

THE IMPORTANCE OF ARBUSCULAR MYCORRHIZAE FOR NITROGEN FIXATION IN
ENVIRONMENTS WITH LIMITATIONS OF WATER AND NUTRIENTS

" M. Sanchez-Diaz, N. Goicoechea, S. Merino, M.C. Antolin
Departamento de Fisiologia Vegetal, Facultades de Ciencias y Farmacia, Universidad de Navarra,
lrunlarrea s/n, 31008 Pamplona (Spain)

Sustainable agriculture and revegetation are two challenges of increasing importance in our society.
fn the traditional agriculture, the soil has been subordinated to the plant production. However,
nowadays, the soil is considered as a complex and fragile system that must be protected in order to
guarantee its stability and productivity. In fact, the main objective of the sustainable agriculture is
“maximum plant production with a minimum of soil loss”. Consequently, sustainability demands that
alternatives to nitrogen fertilizer are sought. Biological nitrogen fixation can offer this alternative as it
uses the capacity of certain nitrogen fixing bacteria to convert atmospheric nitrogen into ammonia.
Moreover, in Mediterranean climate regions, erosion and desertification have been enhanced as a
consequence of both low precipitation and human impact. In these arid ecosystem tree crops, and
especially woody legumes, are essential to maintain organic matter and soll fertility. The availability of
phosphorus and the plant water status are some of the most limiting factors for nodule activity. The
effect of mycorrhizal fungi on growth, nodulation and nitrogen fixation in legumes has been a subject
of increasing interest since several parameters directly related to nitrogen fixation are positively
affected by mycorrhizal association.

Our research has been devoted to studying the symbicsis of legumes with nitrogen fixing bacteria
and mycorrhizal fungi under stress. The first works were focused on the effect of water stress on the
functioning of Medicago sativa-Rhizobium-Glomus association. Results demonstrated that, under
drought, the benefit of mycorrhization could not be only explained by increased phosphorus uptake
by fungus. Subsequent studies indicated that positive effects of mycorrhizae were also related to the
hormonal levels of plant host. At present, we are working on the Anthyllis cytisoides-Bradyrhizobium-
Glomus association as a part of an INCO-DC Project in Biological Nitrogen Fixation (ERBIC
18CT970197). Anthyllis cytisoides is a woody legume widely distributed in arid areas of Southern
Spain, and it has been used in revegetation programmes. The objective pursued in one of our recent
studies has been to determine the effect of different phosphorus and nitrogen levels on the
establishment and activity of nitrogen fixing bacteria associated with mycorrhizal Anthyllis. The
general conclusion is that mycorrhizal infection in legumes is essential under stressed conditions,
such as water or nutrient limitations.
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S7-P13

THE EFFECT OF THE INTERACTION BETWEEN MYCORRHIZAL INOCULATION AND
DIFFERENT PHOSPHORUS SOURCES ON GROWTH AND BIOLOGICAL NITROGEN FIXATION
OF COMMON BEAN (PHASEOLUS VULGARIS)

Ibijbijen J.! & S. Urquiaga®
 Moulay Ismail University, Faculty of Sciences, B.P. 4010, Beni M'Hamed, MEKNES, MOROCCO.
" EMBRAPA-CNPAB, Km 47 Estrada Rio-Sao Paulo, Seropedica, Rio de Janeiro, BRAZIL.

A pot experiment was conducted under glasshouse conditions to investigate the effect of the
interaction between the inoculatior with an arbuscular myco -hize' (AM) fungus (Glomus clarum) and
differert phosphorus sc rces: Water sciuble source (Super  osphate 46% ©,0-Y and Phosphate rock
(Patos de minas 24% P ™ * using different doses, on the  ‘ow*h and contr Hution of biologically fixed
N, to Phaseolus vulgaris cv Carioca in a P deficient so ‘available P: 4.5pg g). The N isotope
dilution technique and non-nodulating bean NOD125 :or crop) were used to quantify the
contribution  *N. fixi 1. All the pots were = ulated w* : " based Rhizobium (2g per pot)

PR
-~

containing 22 cell g "« a mixture of two s ecies of Rhizobium .2gt. . sarum biovar phaseoli and
Rhizobium tropici. e 1 ycorrhizal inoct”  was applied i the “ar . o spores (100 spores per pot).
oculako vV Ngud Ly cal ly . creased . 2 Cry me.... procJc.on by 5 - 60% according to

P OSp wdstl o u entsanc , e o 2variety (Carioca, [ o ,. .2 o mycorrhizal plants
rer2¢ cuch ore shosp  rus as did mycorrtzal © ‘espec ve of t e solut  ty of the
pho S ‘ce.
Th~onnodu g bean aric ~is the besctor o~ crop wh té e for “he asect eniof 2 BNiin
bea crop. 2 -ac ¢ | evedic ™ 1e~ ~0s zre °¢ zased tignt ¢ 'w  AM fungus
T Tt e list T e 38 0f )eS  2¢)C15e Or e super
p-ohetee U oL L s CCky PO s b suchsoL = o' P,
rec ;eddra .., . y. .. . ofroc” 7T _oham, show
Tor 2 oo T LENC o L onry L SoSeoas o miza. o syt insiswoLL e
€0 wvaidb .. 3 .38 8e AL fer Laccors o oo o & NS rce . For. er o«
| c T | e ‘ixa was .. N € W LS Ce w0 N
§tnm oy ntToe e BP0 a0 g : t ozt iki ca glv
“rov e 3etic ¢ 2 s v e Comr oo b s favc y ~° yo 2
so - =5, 1s 3 s~ 2rockc bea ¢ ~ -~ ‘feruiisation 1 these
co " s,
Tee s e e U “se effect of ~yc - " 1oc ot P utiisation from
d” _:Ps ces. . " _rentsc’ 7 andalsccrthe N fixing ass. 7 1 between Rhizobium

an. .>haseol s vuigaris.
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RAPIDLY-GROWING GREEN-MANURE LEGUMES AS A SOURCE OF BIOLOGICALLY FIXED
NITROGEN FOR A SUBSEQUENT CEREAL CROP IN A SINGLE GROWING SEASON

Maria Antonieta A. Villatoro:, Segundo Urquiagaz, Robert M. Boddey2 and Bruno J.R. Alves?
1Dept Soil Science, Universidade Federal Rural do Rio de Janeiro, Seropédica, RJ.
*Embrapa-Agrobiologia, C.P. 74.505, Seropédica, 23890-000, Rio de Janeiro, Brazil.

In the semi-arid tropics the availability of rai fail often reduces the growing season to less than six
mon 1s. While various species of legumino s green-manure crops have been shown to be able to
accL  atedlarge ¢ ;an es fN' -~ biological nitrogen~ fixation (BNF), in suci regic 1s farmers are
loa ~ to "*ilise these eg mes as a N source for cereals as the *aken for esse plants to
accL  ~*2 xed Nrec ices the ava Hle growing seasc ~ “or *e subseauent cerea crop. 'n this
study a field experiment was performed on a sandy (81 7 sand) -‘ertile acidic (pH 5.0) s¢  Ulisol,
0.42 % C, 0.05 % N) ~ear Rio de Janei ' xamine the progress ¢ *he accumulation of ary matter
and total N and BNF by “iree green manure crops (Crotalaria juncea, Mucuna niveum and soybean
[Glycine max]) and their berefit to a subsequent irzize crop. All 3 legumes showed e maximum rate

of dry matter anc N acct ion between 40 and 60 days after planting (DAP). Alihough inoculated
w  Bradyrhiz niesoy ea Jxedol v5 -1C kg Nduet o eacidic and iow iertility soll
cor .« 1s. » Nraturale  uo cer egu -cropsce die 05 oM fix greference
species, s ow d  “ferewas ' ercol wof N x¢ 7 rafte 60 ays o grow. ardc by
| 1 eCr ~ndiic a adce vec90:1060n * a * 1 uNF, respec ve y.

| apare - pot exper 5y ~solle 2 5 - cvattweiaens o o Mucina,
i s abelling " ydeve oped bt Nei cta'’ wsAC ¢ A cres. 8:295304)
was utlised fe . o2 apor ot ot Tt ed’ > 000 2 Jes | are
urrecoveratie by .o .. . 2 ves 2 e T oorooi T "7 rays T T AP T a
SO | U N v,NL L Neoo. o ¢ CCOAF 0. ./as
ren od ¢ Sieves ) 208 A wiiow . IO ~anu Lo ..a, losne L., 39
al . / 2 WEs e o 6., 2 « 3, « 5 ¢ . os.o.a5130 N 29
Ci o s+ b LOVET r00*s. 17tk isfe o Auce
w~re; 10 DYy e [ TR IO wver 2 =28 5. Th cprac 54 |
g 3¢y aar: o : e " w- L N B G (- AN
e v 3BN"Dbe e oyt /solsy ssTousy Je a:.V eex pole o sto e
[ Yot N be v ocauto, " eidve e'dexperi 2, " e ropor a BNF
ct " b tior. "y 3. yo.wastesae ... 0 ool se ees e o 'ofe! BNT
cot "~ _.oyes  partsysiemsholld be T creased from 60 i £3kgNhat " e Mucuna and

from 90 to pe.. ps . 20 r .30 kg Nha for : Crotalaria.

Theresults ¢, is's idy . ove o very sigr car 3NF inputs can be obtained fr m. Taist-growing
greenr a essuc as Crc ariaa G Mucuna to bene . a s. sequen’ cerez wrop  ~  asirgle 6-
month crof Ying seaso . e Braz ian Cer, o cer v sava a)regih1 s .ec ologyis ow
being teste ~r a )y - aize prodi sers with considerable success.
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Poster abstracts/ Symposium 7

S7-P17

RHIZOBIAL PHOSPHATIDYLCHOLINE IS REQUIRED FOR THE ESTABLISHMENT OF THE
ROOT NODULE SYMBIOSIS BETWEEN RHIZOBIA AND LEGUMES.

I.M. Lopez-Lara and O. Geiger.
Centro de Investigacion sobre Fijacion de Nitrégeno, Universidad Nacional Autonoma de México,
Cuernavaca, Morelos 62210, México.

Phosphatidylcholine (PC), a major membrane lipid in eukaryotes, is found in only some bacteria such
as the members of the Rhizobiaceae family. Therefore it has been speculated for more than 3
decades that rhizobial PC ight be impc-*ar* ‘or the ability of rhizobia to establish a nitroger-fixing
root nodule symbiosis v legume hosts. 1he answer 1o ! s ¢ ~stior nas been delayed, however,
because rhizobia seem to possess at leas’ 'wo pathways to synthesize PC. In Sinorhizobi ' ~liloti
for examiple, the phospholipid . _hyltransferase (PmtA) pathway and the newly discovered
phosphatidyichc ne synthase (Pcs) pathway of PC biosynthesis exist (de Rudder et al., 1999. J. Biol.
Chem. 274: 20.11-20016). .~ the I, .. pataway, PCis {_. :d by three-fold methylation of
phosphatidylethanolamine. . he Pcs pathway, choline is condensed directly with CDP-diacylglycerol
to form PC and CMP in a single step. We wve co structed mutants, deficient in PmtA or in Pcs and
beth types of © *ats are stii able to proc uce PC ~ orr al ¢ 1ounts when grown on complex cuiture
media. Also, bo = spes of - a ts car ~~*ablisk nal - agendfixing symbioses cn alfalfa. Double

mutants, however, ar ‘icier i ’rmtA ano 1 Pes are niodle to ~~ PC and do nct form & y nodules
on afalfa. These results der re o ~0o PC*~ edreq reid1 * ~siabiis ~ tofthe
roct.d 2. b .. b bhwe S 'aal A (¢ -~ 2wuc¢ -actarizabon of - ©C-
ok Soooaolae o -and its symbiotic bet  ~ r " be presentec.
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S7-P19

EXPRESSION OF YELLOW LUPINE PR10 GENES DURING SYMBIOSIS DEVELOPMENT

M.M. Sikorski, J. Blesiadka, L. Handschuh, A.B. Legocki
Institute of Bioorganic Chemistry. Polish Academy of Sciences. Noskowskiego 12/14, 61-704
Poznan, Poland

The expression of PR10 encoding genes and accumulation of proteins have been detected after
pathogen invasion, wounding and other environmental stress conditions, suggesting their involvement
in plant defence mechanism.

These nroteins are encoded by multigene families a  cifferenctic  expressed 1 various plant
organs. Two g~ st m ies were ider ified in yellow g 1e: Llpr10.. and Lipr10.2. = e expression
of lupine PR1C proteins - odulated d ng deve ~dre ‘s~ -~ yth Bradyr 1zobium sp.
(Lupinus). “h8y . . constitL 'ively expressed i roots, buit 1 - expressior s significe  y decreased in
young an ‘1 _° 2nodules, ! "0l senesce! ociles. eytoc  ical staining localised the
proteins In parenchyma ... .3¢ ._s > roo. ..dsenescerti: > ‘2,  'sir the cortex. The PR10
proteins were not detec.ed innod 2 . teroid tissues. Exp 2¢ ‘oi. .. aerial part of t' e plants is
generally lower o . ly o R.C.Lo prote 1is expressec cone e . < L. ieaf and oetiole, while

L1IPR1C *Aprote isacc ~ .: ected leaves, iecec pa i€ .nvasion.
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... Poster abstracts/ Symposium 8

S8-P3

EXPERIMENTS OF AZOSPIRILLUM BACTERIZATION OF MAIZE SEEDS (ZEA MAIS L) IN OPEN
FIELD

D. Ruffini, F. Favilli**

Regione Marche-Assessorato Agricoltura, Foreste,Alimentazione e Turismo Via Tiziano 44 60125

Ancona (Italia);Agenzia Servizi Settore Agroalimentare Marche. Via delle Alpi, 21 - 60110 Ancona

(Italia); Federazione Regionale Coltivatori Diretti. Via A. Grandi, 48/E - 61110 Ancona (ltalia).

““Universita’ deglh Studi di Firenze. Dipartimento di Biotecnologie agrarie. Laboratorio di
Microbiologia e Biotecnologie microbiche. Ple delle Cascine, 24 - 50144 Firenze (ltalia).

One of the main aims of the Agricultural Department of the Marche Region (Central Italy) is to reduce
chemical nitrogen fertilization and environmental pollution acquiring, by field tests, useful knowledge
on the use of nifrogen fixing microorganisms as biofertilizers for cereals. Field experiments of
Azospirillum inoculation of maize were carried out during the spring-summer 1999. Twelve
experimental plots of different surface, six as control and six with maize inoculated with a
commercial preparation of Azospirillum were arranged in 6 farms, located in five areas of the region.
Uninoculated treatments were supplemented with full dose of N-fertilizers, whilst inoculated
treatments received only 70% dose of N-fertilizers. Inoculation with Azospirillum had little effect on
yield of maize. Indeed the productivity was equivalent to that obtained with the full nitrogen
fertilization. However, significant increase in plant height, maize cob numbers and maize smut
resistance occurred in the inoculated plants. The present field experiments have shown, once again,
that maize respond positively to inoculation with Azospiriflum.

This work was financially supported by A.S.S.A.M.-REGIONE MARCHE in cooperation with |.R.I.P.A -
Marche (Istituto Regionale di Istruzione Professionale e di Assistenza Tecnica Agricola
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$8-P5

CASUARINA-FRANKIA SYMBIOSIS: THE IMPORTANCE OF NURSERY INOCULATION
M. Arahou*, N. Bendaou* and M. Abourouh™*

* Département de Biologie, Faculté des Sciences, B.P. 1014, Rabat, Morocco.
**Service de Sylviculture, Division de Recherches et d'Expérimentations Forestiéres, B.P. 763,
Agdal, Rabat, Morocco.

Casuarina are actinorhizal woody plants that can fix atmospheric nitrogen when nodulated with an
actinomycete known as Frankia. Effect in nursery of inoculation with different strains of Frankia on
Casuarina glauca and Casuarina cuninnghamiana seedlings is studied. All the four strains tested are
infective and effective. The growth increases of inoculated Casuarina glauca and Casuarina
cuninnghamiana seedlings are respectively between 32 and 126 % and 15 and 96 % compared to
the non inoculated seedlings.

One year after transplantation in the field, Casuarina glauca nodulated seedlings have higher survival
rates than non inoculted ones.

Key words: Casuarina, Frankia, Artificial inoculation, symbiosis.
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S8-P7

16S ARDRA AND ERIC-PCR FINGERPRINTING OF BRADYRHIZOBIA ISOLATED FROM THE
ROOT NODULES OF LUPINUS SPP. AND ORNITHOPUS SPP. IN SPAIN

Jarabo-Lorenzo, A.!, Donate-Correa, J.°, Pérez-Galdona, R.!, Temprano, F.?, Rodriguez-Navarro, D.

N.z, Chamber, M., and L.eon-Barrios, M.

' Dpto. de Microbiologia y Biologia Celular, Facultad de Farmacia, Universidad de La Laguna, 38071
La Laguna, Tenerife, Islas Canarias, Spain.

2 CIFA-Las Torres-Tomejil, Consejeria de Agricultura y Pesca. Apdo. Oficial 41200, Alcalé del Rio,
Sevilla, Spain.

Sixteen strains of bradyrhizobia isolated from Lupinus spp. and Ornithopus spp. in different locations
of Spain were characterised by 16S ARDRA and ERIC-PCR fingerprinting, and compared with
reference strains from Bradyrhizobium japonicum, B. elkanii, B. liaoningense and some Canarian
bradyrhizobia isolates from tagasaste (Chamaecytisus proliferus) and other endemic woody legumes
from our collection. UPGMA cluster analysis of combined 16S rDNA RFLP patterns with four
restriction enzymes showed most of the Bradyrhizobium sp. (Lupinus) isolates shared a 16S ARDRA
genotype with our Canarian isolates, while only three of them could not be distinguished from B.
japonicum and B. liaoningense. None were related to B. elkanii. These results confirm our previous
studies (Jarabo-Lorenzo et al., 1999) where we found a unigue 16S ARDRA genotype among some
Canarian bradyrhizobia isolates and two Bradyrhizobium sp. (Lupinus) clearly distinguishable from the
three currently reported Bradyrhizobium species. A random sample of Bradyrhizobium sp. (Lupinus)
isolates tested on tagasaste for nodulation gave a positive result. Thus, it might indicate that these
Canarian legumes, Lupinus spp. and Ornithopus spp. could constitute a cross-inoculation group
nodulated by a distinctive group of bradyrhizobia strains. ERIC-PCR fingerprinting was used to
discriminate isolates at strain level, showing a high genetic diversity among the isolates.

Jarabo-Lorenzo A, Velazquez E, Pérez-Galdona R, Vega-Hernandez MC, Martinez-Molina E, Mateos PF,
Vinuesa P, Leén-Barrios M. 1999. In: Pedrosa FO, Hungria M, Yates, MG, Newton WE, eds. Nitrogen
fixation: from molecules to crop productivity. Kluwer Academic Publishers, Dordrecht, (2000).

Supported by 1FD97-1049-C08-01
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$8-P9

DGGE/TGGE AS A TOOL FOR DETECTION OF 16S RDNA SEQUENCE VARIATION IN RIZOBIA
AND BRADYRHIZOBIA POPULATION OF NORTH WEST OF ARGENTINA (NWA).

Maria Veronica Lopez and O. Mario Aguilar.
Instituto de Bioguimica y Biologia Molecular. Facultad de Ciencias Exactas. Unlp. Calles 47 y 115.
1800. La Plata. Argentina.

Denaturing gradient gel electrophoresis (DGGE) and temperature gradient gel electrophoresis (TGGE)
had been used in molecular microbial ecology to assess the genetic diversity of total bacterial
communities or particular populations and to identify sequence variation in a number of genes from
several different organisms. The aim of this work was to investigate the diversity of a collection of
rhizobia isolates from NWA and reference strains by using the DGGE technique to resolve 16S rDNA
PCR-products. Firstly, the alignment and comparison of 16S rDNA sequences of known species of
rhizobia and bradyrhizobia were performed in order to identify the regions with high variability. A
region of 260 bp that was described by Young et al was found to be more diverse and therefore
exploited to design primers that were similar to those proposed by the authors. A GC-clamp was
added in the 5™end of forward primer. Secondly, we applied these primers in the study of reference
strains and found DGGE-patterns that differentiated between related species R. etli and R.
leguminosarum and also among others beans nodulating rhizobia such as R. tropici. Likewise, we
found that the genus Bradyrhizobium and species of genus Rhizobium showed a significant difference
in migration properties. This approach is applied to examine the degree of diversity in the native
population of rhizobia isolated from wild beans Phaseolus vulgaris var aborigineus and from P augusti
found in the NWA. These legumes are nodulated by strains of genus Rhizobium and Bradyrhizobium
respectively (Aguilar et al. 1998; Lopez et al. 1999). We found that 16s rDNA-preducts from
Rhizobium isolaies were resolved by DGGE and some isolates yielded specific migration bands that
differ of reference strains. However, results of analysis of most isolates are correlated with the date
obtained by applying other approaches such as ardra and dna fingerprinting.

This project was supported by ifs and partly by UE-INCO-DEV ERBIC 18CT980321.
Aguilar et al. 1998. App. Environ. Microbiol. 64,3520-3524

Lépez et al. 1999. Proceeding of the 12" International Congress on Nitrogen Fixation, Parana, Brasil,
p. 203.
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S$8-P13

ACETYLENE REDUCTION ACTIVITY IN MEDITERRANEAN GORSE SHRUBLANDS

M. Huesca', J. Cortina!, J. Bellot’, J. Sanchez Raya?, and E.J. Bedmar®

' Departamento de Ecologia, Universidad de Alicante. P.O. Box 99, 03080-Alicante, Spain.

?Departamento de Microbiologia del Suelo y Sistemas Simbidticos. Estacion Experimental del Zaidin,
CSIC. P.O. Box 419. 18080-Granada, Spain.

Fire commonly increases phosphorus (P) availability in relation to nitrogen (N). It has been suggested
that leguminous plants establishing nitrogen (N,)fixing symbioses with members of the Rhizobiaceae
family may have a competitive advantage after a wildfire. Obligate seeders such as Ulex parviflorus
(gorse) and Cistus albidus (thicket) are frecuently dominant in post-fire communities in Western
Mediterranean areas of Spain. Ulex parviflorus is a nodulated legume and its competitive success in
front of non-fixing shrubs such as C. albidus could be favoured by the relative increase in P availability
after fire,

Besides N, fixation by the legume-Rhizobiaceae symbioses, other non-symbiotic N.-fixing
microorganisms may be present in the rhizosphere of U. parviflorus and C. albidus, and in the
cryptobiotic crusts covering the soil surface. These N,-fixing systems may also contribute to a
progressive increase of the N pool in soils devastated after a fire.

We wanted to assess the effect of changes in nutrient availability on seasonally N, fixation in an early-
successional community dominated by U. parviflorus and C. albidus. We selected a experimental site
in Moixent (Valencia, Spain) under Mesomediterranean climate conditions, and on highly carbonated
soils developed from marls. Three years after a wildfire, N and P fertilization were applied to 1x1 m
plots in a complete factorial design with two factors (N and P) and three replicates. Fertilization
doses corresponded to 100 kg N ha™ and 50 kg P ha™'. At that time vegetation was almost
completely dominated by U. parviflorus and C. albidus individuals. Five months after fertilization, and
seasonally thereafter we measured acetylene reduction activity (ARA) in nodulated roots of U.
parviflorus, in soil from the rhizosphere of U. parviflorus and C. albidus rhizosphere, andii &
cryptobiotic crusts. From the samples obtained in the summer of 1999, our results indicated “ 1a
there was a high heterogeneity in ARA of root nodules from U. parviflorus ranging from 5 to 200 ~mr
C,H, plant™ hour™ corresponding to ¢c. 150-6,000 nmol C,H, m™ " ). On a surface area basis, ARA
was higher in cryptobiotic crusts (7.6 nmol C.H.cm™ h™ corresponding to 76,000 nmol C,H, m~ 1),
N-fixation activity could not be detected in the rhizosphere of U. parviflorus and C. albidus plants.

m27/5m
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S$8-P15

PCR METHOD FOR RAPID IDENTIFICATION OF SINORHIZOBIUM MELILOTI! FIELD ISOLATES.

Maria Sanchez-Contreras, Javier Lloret, Marta Martin, Marta Villacieros, lldefonso Bonilla and Rafael
Rivilia.

Dpto. Biologia. Universidad Autonoma de Madrid. Spain.

A PCR reaction using four primers has been tested as a reliable method for identification of S. meliloti
strains. The use of four primers results in amplification of two loci located in different parts of the
genome, 1wck gene 1ie chromosome and nodbox 4 in one of e symbiotic megaplasmid. Both
loci are speci ¢ of S. meliloti strains. This method is useful for rapid iden cation of field isolates

when a hi! r of bacteria is collected and reliable when o sap  wtic bacteria colonise the
d0SyS 3 .
Sinorhizeb™ ~ 1etic 151 7~ fixing bacterium thai forms symbiosis w - olants ¢ * e genera
Medicago, Me »tusa  Trigon 3, inducing the forma*o ¢faneworge =+ 2 oot - "~ we. solation
of S. melilot™* n* %el"'sar ‘velyeasybut”™ cont - process ia "z nodu'e surface
sterili 1,1 zeda” nandreinoc T T axé e conditio 5. Adc i & problems are the lack of a
selec’vec T eme. anctheq o orphisi . Ll espec - wi czid and dry ¢irz 1S,
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S8-P17

USE OF nod GENES TO IDENTIFICATE RHIZOBIA STRAINS ISOLATED FROM SOILS

C. Mateos’, i1

Manyani, B.

Mordn', D.N. RodrigLez-Navarro?, M.V. Lépez®, M. Aguilar®, M.A.

Hungria®, C. Sousa’ and M. Me ias'.

Dpio. v ~ biologia y Parasitc agia. F. Fa.
~il". Apdo. Nficie A e 3de i, Se
de I~ -ata, E~~ ‘nd ge Ciencias Exactas,
4, F 2, Brazi.

2CikA. Las Torrresy T
# Universidac Nario
“ Embrapa Soja, Lo

< L« wersidad de Sevilla. 41012-Sevilla.
3, Spe
L LaPiala, Arge L

Rhizob, a genus of soll bacteria belonging to1 e am'y Rhizob*aceae, whose e ders are ab @
toestab Yo Lo L UL Ty w aangec 'y ep agr =~ Je vircamer
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S8-P19

ARACHIS PINTO! LITTER DECOMPOSITION INTERCROPPED WITH FORAGE GRASSES IN
“CERRADO”AND “VARZEA” SOILS UNDER SEASONAL DROUGHT.

Oliveira, C. A.*; Scotti, M. R. M. M. L.*; Purcino, H. A.**: Sa, N. M. H. *

* Departamento de Boténica, Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais,
Pampulha, CEP 31270901, Belo Horizonte/MG, Brazil.

“* EPAMIG, Fazenda Experimental Santa Rita, Sete Lagoas, Brazil.

In tropical pastures which are generally underutilized, nutrients are returned to the soil mainly via litter
decomposition. However little is known about the decomposition of tropical forage species in
pastures. This work studied A. pintoi litter decomposition dynamic, pure and intercropped with
grasses: Cynodon nlenfluensis (in “Cerrado”soil) and Hyparrhenia rufla (in “Varzea”soil) in Sete
Lagoas region in the state of Minas Gerais, Brazil, under seasonal drought. Litter bags contained the
legume, grass or mixture of both species were incubated to estimate the decomposition rate and
microorganisms colonization. Decomposition constants and litter half-lives were estimated by
exponential model and microorganisms number in specific medium by plate dilution. The cellulolytics
population increased in “"Cerrado”soil when Arachis was added to Cynodon. The grass decomposition
rate was also increased when the legume was present in all plots, specially in those with pure grass
plots. There were high correlation (r = 0.79) between remaining mass and P total on mix litter in
intercropped olots. The decomposition rate i “Varzea” soil was lower than “Cerrado” soil. There were
more nuirients retention and lower microorgarisims number.
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$8-P21

CONTRIBUTION TO THE STUDY OF THE NITROGEN FIXATION IN LUPIN

Taimani, S. and Elyachioui, M.
Laboratoire de Biotechnologie Microbienne. Faculté des Sciences de Kénitra, BP 133, Kénitra.
Morocco.

The Lupin is regarded as a leguminous plant of great importance seen its high content in protein and
out of oil. This plant represents a potential to forage poorly exploited, having the possibility of
developing where the other leguminous plants are not. However, the culture of the Lupin in Morocco
is under various agronomic constraints.

A study was undertaken in order to know the optimal conditions for development of this leguminous
plant which remains in perfect symbiosis with the specific Rhizobium. We carried out the follow-up of
the vegetative cycle of the leguminous plant Lupinus luteus (aged six months). Various parameters
were measured: the average height, the number of sheets, the nuinber of inflorescence and the
number of pods.

In our study we have select some stock efficient and powerful which present a significant capacity to
fix the atmospheric nitrogen.

The site of coring at Lupinus luteus is located on the level of the principal root. The significant
development of this plant makes difficult its culture in vitro.

Thus, worked out a farming technigue at the laboratory in order to follow in vitro at the same time the
development of the plant and the phenomenon of coring following the test of infectivity. The test of
infectivity enabled us to select a powerul stock nodulante reference BL6. An optimization of cullture
of BL6 is followed by the study of the influence of certain physico-chemical parameters {temperature,
pH and carbon source).

The inoculation of Lupinus luteus by the potentially symbiotic stock shows promising results
compared to its cLiture withesses.
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$8-P23

THE NADP-DEPENDENT GLUTAMATE DEHYDROGENASE FROM TUBER BORCHII VITTAD.
MYCELIUM: PURIFICATION, CHARACTERIZATION AND CLONING OF THE ENZYME GENE.

L. Vallorani, R. Pierleoni, C. Sacconi, D. Agostini, E. Polidori and V. Stocchi
Istituto di Chimica Biologica “Giorgio Fornaini”, Universita di Urbino, via Saffi, 2, 61029 Urbino (PU)
taly

Glutamate dehydrogenase catalyzes either the reductive amination of 2-oxoglutarate to glutamate,
using NAD(P)H as electron donors or the oxidative deamination through the reverse reaction. NADP-
depende t glutamate dehydroge ase frum the ectomycorrhizal I o s Tuber borchii was purified
throghou  w~vo pu  catic steps. * 1e rst was carried out on 2 .oyopearl DEAE 650M column and a
203-folc p v catio was achieved. T e subsequent ¢ 12 ogri ¢ step, ont e 2',5'-ADP
Sepharose 4Bz  iyc-  n, allowec 5 obtair £ 1Zyme 2 pore form. [ne ou ed enzyme
resulted to be ar ~2xz ¢ « app~r: ~olecular we of 3.) anraProge TSK G300 SWXL
columnand a sub  * -~ ~le~ 1ar weight of 54 kVa as obt~ :d by SDS-PAGE. The K..s “or 2-

oxog' tarate, NAD ' a “are 3.32 -, 30 uM 10 35.8 miM respectively, a  * e
purlec enzyme " 3s .~ oad' op” f7.6. "er “:denz e was tested with several
cor sounds knov... "’ 20 2 o Taws JTC s ) ete e 0 ¢Cfect on enzymetic activity.
c.oectidessohas. L2 Toa Padt 2dives el ins valo,Ca o and
Ll S JUXe lac lLnri oace carin, . o orte, o) Nadoo, BLodre
e 3V aE oo ea ( (>° 1€ 3 0.0 200 o 1 " S,
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$8-P27

TRITERPENOID LIPIDS IN BRADYRHIZOBIUM JAPONICUM: OCCURANCE OF NEW
HOPANOID AND GAMMACERAN DERIVATIVES

E.L. Kannenberg' 3, J.M. Bravo?, M. Perz!, T. Hartner!, S. Schmitz', and M. Rohmer?,

' Mikrobiologie/Biotechnologie, Universitat Tiibingen, Auf der Morgenstelle 28, D-72076 Tubingen.

¢Institut le Bel, Universite Louis Pasteur, 4 rue Blaise Pascal, F-57070 Strasbourg Cedex.

*Complex Carbohydrate Research Center, University of Georgia, Athens, 220 Riverbend Road,
Athens, GA 30605, USA.

Strain Bradyrhizobium japonicum USDA110 is a soil bacterium that can form symbiotic root nodules
on soybeans and fixes nitrogen inside these nodules. It has been shown that these bacteria contain
triterpenoid lipids, such as hopanoids [1], with as yet unclear function(s). As a preliminary to
functional analysis, we used standard lipid extraction methods together with GC and GC/MS
techniques to investigate further the lipid content of these bacteria. Additional hopanoid derivatives,
e.g. aminobacteriohopanetriol and adenosylhopane, were identified hitherto unknown to occur in
bradyrhizobia. Furthermore, gammacerane derivatives were also identified, namely tetrahymanol and,
for the first time, methylated derivatives thereof, such as 2p-methyitetrahymanol, 20a-methyltetra-
hymanol, and 28,20a-dimethyltetrahymanol. The hopanoid and gammacerane skeletons are
synthesized from squalene. Mutational inactivation of the squalene synthase identified in
Bradyrhizobium [2] showed that it is an essential gene in this bacterium.

1. E.L. Kannenberg et al. 1995 FEMS Microbiol. Lett. 127: 255-262, [2] Perzl et al., 1998, Biochim. Biophys.
Acta 1393, 108-118.
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S8-P2S

NITROGEN FIXATION IN SOME SHALLOW AND STRATIFIED LAKES IN ESTONIA

limar Tonno.
University of Tartu, Institute of Zoology and Hydrobiology and Estonian Agricultural University,
Institute of Zoology and Botany, Estonia.

The fixation of molecular nitrogen (Nfix) was measured in 1988-99 in large shallow eutrophic Lake
Vortsjarv and in four small and deep stratified lakes (Kooraste Linajarv, Verevi, Vellavere Killajarv and
Holstre Linajarv).

In L. Vortsjarv Nfix occurred in 1998 from July 21 to September 15" The total amount of nitrogen
fixed in this period was 60.44 pgN 17", mainly cyanophyte Aphanizomenon skujae was responsible for
that. Nfix rate was the highest in July 21¢(2.177 agN I day”). Nfix started when Ntot/Ptot mass
ratio in lake water was 20, this value is much higher than expected from the Redfield’s ratio (N/P= 7
mg/mg). In enrichment experiments where phosphates were added to lake water (0.1 mgP I final
concentration in experimental vessel) Nfix started a couple of weeks earlier and was also more
intensive than in the lake. In lake Vortsjarv planktic Nfix seems to be limited by both N and P
availability. There occurs a lag between the set-up of favourable conditions for Nfix in the lake
(deficiency of mineral N, increased amount of nitrogen fixing cyanobacteria) and the Nfix itself. The
number of heterocysts in algal filaments coupled with the dynamics of measured Nfix intensity. In
1999 Nfix did not occur in lake Vortsjarv. The main reason for this was very low biomass of A. skujae
through the year and low concentration of soluble reactive phosphorus (SRP) during the summer
months.

In stratified lakes Nfix was detected only in L. Kooraste Linajarv, both in 1998 and 1999. In this lake
Nfix occurred in 27.07.98 and 26.07.99 at 2-2.5 m depth (1.076 ygN I day™ and 4.056 pgN I
day™, respectively). Ntot/Ptot mass ratio in these water layers was around 15 which is lower |
L. Vartsjarv but still more than twice higher than Redfield’s ratio. Main Nfix cyanophytes in 1 ;5 lake
were Anabaena sp. and Aphanizomenon sp. High Ntot/Ptot mass ratio (from 21 to 40) was evidently
the main reason for the lack of Nfix in other stratified lakes.
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$8-P31

SYMBIOTIC CHARACTERIZATION OF BRADYRHIZOBIA NODULATING SAROTHAMNUS
SCOPARIUS

Ewa Sajnaga', Wanda Malek!, Barbara Lotocka? Tomasz Stepkowski®, and Andrzej Legocki’

' Department of General Microbiology, Institute of Microbiology and Biotechnology, M. Curie-
Sklodowska University, 16 Akademicka St., 20-033 Lublin, Poland.

* Department of Botany, Faculty of Agriculture, Warsaw Agricultural University, 26/30 Rakowiecka
St., 02-528 Warsaw, Poland.

* Institute of Bioorganic Chemistry, Polish Academy of Sciences, 12/14 Noskowskiego St., 61-704
Poznan, Poland.

S. scoparius (Scotch broom) is the leguminous shrub with nitrogen-fixing capabilities suitable for
temperate climate. It grows in Europe extending northwards to Sweden and eastwards to Ukraine but
also in other countries where S. scoparius was introduced as an ornamental plant. Scotch broom
root nodules exhibited typical indeterminate nodule histology with apical, peristent meristem, age
gradient of nodule tissues, open vascular bundles, and also with some particular features such as:
the presence of mitotic activity in the infected meristematic cells, lack of infection threads,
distribution of bacteria by process of host cell division, and occurrence of a large bacteroid zone with
infected cells only. The results of cross-inoculation tests have shown a broad host range for S.
scoparius microsymbionts including not only the native host but also species such as: Lupinus luteus,
Ornithopus sativa, Lotus corniculatus, Genista tinctoria, Chamaecitisus ratisbonensis, Macroptilium
atropurpureum, and Phaseolus vulgaris. In addition, the close symbiotic relationship of S. scoparius
nodulators to Bradyrhizobium sp. {(Lupinus) was established at the molecular level by comparison of
the partial sequence of nodC gene of the strain specific for the Scotch broom, to those from
Bradyrhizobium sp. (Lupinus) strain D1 and contained in the public databases.
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S8-P33

DNA: DNA HYBRIDIZATIONS REVEAL AT LEAST ELEVEN GENOSPECIES IN BRADYRHIZOBIUM.

A. Willems!, F. Bourcier?, J. Goris', R. Coopman', L. Moulin-, P. De Vos' P. de Lajudie?& M. Gillis'.

' Laboraterium voor Microbiclogie, Faculteit Wetenschappen, Universiteit Gent
K.L. Ledeganckstraat 35, B-9000 Gent, Belgium.

? Laboratoire des Symbioses Tropicales et Méditerranéennes, UMR 113 INRA/AGRO-M/CIRAD/IRDTA
10 / J, Campus International de Baillarguet, 34398 Montpellier Cedex 5, France.

DNA-DNA hybridizations were performed between Bradyrhizobium strains from Faidherbia albida,
Aeschynomene species, and several small legumes from Senegal, as well as from Bradyrhizobium
reference strains. We found at least eleven gencspecies, | to XI, among the strains included. These
genospecies form four subgeneric groups of genospecies in the genus Bradyrhizobium. Genospecies
inside each subgeneric groups were more closely related to each other (>40% DNA hybridization)
than to other genospecies {(<40% DNA hybridization). They consisted of (1) genospecies |
(Bradyrhizobium japonicum), lll {Bradyrhizobium liaoningense), IV and V; (2) genospecies VI and VIII;
(3) genospecies VIl and IX; and (4) genospecies |l (Bradyrhizobium elkanii), X and XI. Photosynthetic
Aeschynomene isolates were found to belong to at least 2 distinct genospecies in one subgeneric
group. DNA-DNA hyoridization data will be compared with AFLP analysis, 16S rDNA sequence and
16S-23S rDNA spacer sequence analysis.
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$8-P35

A GROUP OF METHYLOBACTERIUM NODULATES AND FIXES NITROGEN IN SYMBIOSIS
WITH LEGUMINOUS PLANTS

Abdoulaye Sy*, ¢ Giraud™, " ppe Jourard ™, Nelly Garciz ™, Anne Willems™, ™ ippe de
Lajudie™, Yves Prin*, Marc Neyra™, fonique Gillis , Catherine Boivin-Masson™ & Bernard Dreyfus ™.
*UMR 113 IRD/INRA/AGRO-M/CIRAD, ™ 1 | Baillarguet, 34398 Montpellier cedex 5, France.

*Laboratorium voor Microbiologie, universiteit Gen®, K. L. Ledeganckstraat 35, B-S0C5, Gen®,
Belgium.

Rhizobia describec sc far belor = -~ -ee distinct phylogenetic branches wi 1e -2 subclass of
the Proteobacteria. | ere we repc ' *he discovery of a fourth rhizobial branch constituted by bacteria
isolated from the African legume Crotalaria. On the basis of 16S rDNA analysis, these bacteria were
shown to belong to the Methylobacterium genus a . ...igned to a new species, M. nodulans. We
demonstrated .. these rhizobia grow or: ;methanol, whick is a characteris  of Methylobacteriur
spp., but a uni ue feature among rhizobia. Genes encoding fwo key enzymes of methylotrophy an
nodulation, the mxaF gene encoding the o subunit of the methanol dehydrogenase ana the nodA
gene encoding an acyltra sferase involved ir Nod factor biosynthesis, were sequenced for * e type
strain ORS2060. Pla * :sts and nodA a~ li“cation assays showed that M. noduians is the only
nodulating Methylobacterium ide ified - “ar. Phylogenetic sequence analysis showed that M.
nodulans NodA is close to Bradyri zobium NodA suggesting that this gene has been acquired by
horizontal gene transfer.

m20/m



.
<4
1
' '
. Vs
' ’ ..
' i

e

.
I~
. B H
< M
N
~ )
e

« o



S$8-P37

SOYBEAN RESPONSE TO N RATES IN NO-TILL AND CONVENTIONAL TILLAGE SYSTEMS IN
THE BRAZILIAN CERRADOS.

léda C. Mendes , .« %o, nA. . Va gas’
" Embrapa Cerrados, Ca .« ' >s*~ 08223, arali 1a, OF 3re~ © ° 73-301-970.
“Embrapa Soja, Caixa Posie' 27, ~dr >~ <t azi Ct?8 - 970

In Brazil, Bradyrhizobi o ' ' ‘asrep' dsuccessiily the use of N fertuizer or «_

crops. However, wi'" e ext 180107 0. . . cropping systemsi .2 " rradosreg. .., if.as
become widesprea. 2idez . ... ._. wces.. , :ciLse small Nratesa.. e sowingto c..rcorie
problems relatec .. Nir ob iza o1 mair, . .esoyceaniscl  atew: o a 0 2. e
crop. In this stu. we exar <. =50 ez ' respo se ., sma rates ( ‘Nfert zer. ler.io. ;
and conver io0 a  3af . o7 LIS u oo T eexneriver aor eteyra iZec bloc v ve
replicates) was car- d ¢ rooy~ ~wax o, wi tar ~s ik 3¢ Bragy  zobi ™ nopl N
x 10° cells. g sci oo~ ears 1998 99 ¢ 0 399/200 . eexperime design was 2
factoria' ‘we e ~f0r g am e syste s (- ¢ ceie o -tillage) ana rour levels o

urea (0, 10,20 and 3" kg N/ a . A ree*me tswere ‘noc itedv - Bradyrhizobium japonict
strai~ SEMIA 5080 and B. elkaniist = SEI" ~ 79, thepr. o f Lkg of a peatinoc ' .1

‘12¢cells ) per 50 kg of seeds. The Nie " re: was " at . esowing. The p: 2 1ete.
evaluatec _re . ..Dber and dry weigh: of nodL'es a. ower 3 a soybeany .... . bo.
experiments the so* dee . asc . aftercorn. . e eri..  bel oo T o1age @t ¢ Lo,

and N rates was  :significar 1a7y o, 2 exper nar s, .0 L ¢ sl we uSasig car of i
of management systems .2 ™ ra oy we « 1od S¢S or the soybeanyie ...
1988/1999, there were ~n ca +du~ ~ su t ~~ berzid vy weigh: 0 odules a=* - *he
soybean yie tre comve ¢ a  lam~ syste ~ 379,35 ¢id it | respectiveh . "he opposiie was

observed - 1eexper e crriecot 1:999/20  ,w re* =reductonsi tur oer 4
weight of noaules ana also ¢ 1e )y wean yield were opserved ~'he " ¢, ° "5 o3 &7
respectively). In the two exper’™ 21 erew. ¢ T atesor the numbera. Tdry we T
nodules and on the soybez:.,. ° _:morsire .. a. .5 . ecessarytoapply smallr.. . 0.
fertilizer or. the soybean evenwie ..~ cuifivateC uncer i... e systems.
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S8-P41

FIELD RESPONSES OF GRAIN LEGUMES IN MEXICO TO INOCULATION WITH SELECT
STRAINS OF RHIZOBIUM AND FERTILIZER APPLICATIONS

C. Robles.

CIIDIR-IPN-UN. QAXACA (MEXICO)

G o o2gunnn n 3 oy 2¢ 1 lexico. Y o L5 © ~ ~ies as abasis ~

- adsicf ~ 3o ~beer £§ “1ble ng ~, Biojc ¢ ° ~ o enttoza

one “ 1€ des arge =3¢ olces ) e seo.

Some ¢ erciet 7 Wi R oo axperime~*a! ‘Fer ' estrair- - Ihizobium spp

wers sse st @ el Daxac .07 0 were v aean
Y s oea ..wac:s voogeala Tk T .. "zerNT | zenand
osric .y re e, o r.o’s an .rec  ...e . ._S. _ ‘a or wascc. sicently

e es 3¢ D e elo, caslh o oo & sac Trac Lo

afi 2 ConNs rec o dicec sraime icnC . (o TI0t . @, C sial inocuiant
d= =y~ r creios exce N4 ve .o celd o ac wely Hger Jose

bu<g alpn ce. =~ 2 =akhivps e gy : toispec es. e o

inc e - R e for y ~d. ea swshe e est 2

s oste @, e s oore r ssas’t vt Wit e ¢ oc
ror T e e 'ts cated ive strains are present. : ave
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S8-P43

THE CONSTRUCTION AND APPLICATION OF RECOMBINANT SOYBEAN RHIZOBIA STRAINS
BY THE INTRODUCTION OF EXTRA COPY DCTABD AND/OR NIFA GENE

Li Youguo and Zhou Junchu

The Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070
China

At first, the 5.75kb DNA fragment contai =~ , C,-dicarboxylic acid transport (dctABD) genes from
Sinorhizobium meliloti was subcloned ii:ito the stable-broad-hust p o™ L pTR102 through pll2925, A
inducible expression recombinari ¢ asrid pHN202 was 2 cu. The reporter ge  uxAB from
~ 3¢ .. pDB30 was also inserie¢ ito pEN202 anu * e rec” * asmid nHN205 was
co structed. Andalsoarecr 1a . s dg 207 corta 3 dctABD, parCBA/DE genes from
PTR.02 ai 1repor  ge1es wxAB was cer struc ad by using -+ _AFR3 as the vector. A recombinan®

piasn  nk 8306 ¢ -~ ¥ of Klebsiella pneumoniae a  'uxAB was also “acted byt 2

R102as* wvec " u‘a "arer tplasmid pHN30/ . .7 JctABD, nifA and luxAB
~ ~eswas ~costr ted.

e reco 1 smids pHN205, pHN207, sHN306 & d = ".307 were "1eni  -ocuced into
Sincrhizobi  fr. " NTI, YC4 end GR3 and Bradyrt zc-~ zpor ot TAl: e~ . CB1809 byt - -
bipo .0 "7 T 3 Ase T sof el T3 0 el €0 o o Wwere ¢ treered. 2la t
o o Soerecarrec . terecp.a ¢ NS o 2 e g 5 col rare rir

. 0" we ¢ 8% bicc  ore fix € mecy.  ozxomer oyec ' Tacer bioant
S o ol u ahe < Dy N o s e e 0 158!
( Rty N eE e Tt 24 Lotz 2
3T A ~5YC P N2C ‘ 7 Yooty
e et : : S . e,
" 222 S, L S rcie oo
Xi o et orT o RESIN: N\
Top v " ol
H / r AU v : 1
_ - . / s N i~ S [}
C - ¢ ~ - ~ )
N o ! /. T VMY o s pF: oot :
b r, e ~ ~ Thoan e ) s taicoarke'yY 't o,
A ~ ~A 2 70~ vsovoe: T o e expestid T ey
silg - Lo sy T A S (S
28~ 2% ooc 2! e Ut T8 T2 . L0 Ly o dctABo gene

S Lo R [ o | ar zer.

2 L T - cobhoz=oac v LB ot B oo e
or T, s T LW ae o an i X AT I

ec Tsh Sl dlee w8 €6, SV E Tl Joic 2 sz 1S soybean
Vioe oS, 80 Ly, urechder oz .
I S 1es cC ,  Was ~mo thetg ~reco - tple-m
Cl o e vy 02 woiwhese e de e Tt syt e ;, and
csce ~ e parC =~~~ dincrease e . R3 e transconi.gants,
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S8-P45

MESORHIZOBIUM CHACOENSE SP. NOV. THAT NODULATES PROSOPIS ALBA IN THE
CHACO ARIDO REGION (ARGENTINA).

E. Velazquez', J. M. igual?, A. Willems®, M. P. Fernandez*, E. Munoz®, P. Mateos', A. Abril®, N. Toro®,
P. Normand*, E. Cervantes?, M. Gillis>, and E. Martinez-Molina'.

! Departamento de Microbiologia y Genética. Universidad de Salamanca. Spain.

2 IRNA-CSIC. Apartado 257. Salamanca. Spain.

* Catedra de Microbiologia Agricola. Facultad de Agronomia. Universidad de Cordoba. Argentina.

“ Laboratoire d'Ecologie Microbienne. Université Lyon 1. France.

* Laboratorium voor Microbiologie. Gent. Belgium.

® Grupo de Ecologia Genética. Estacidon Experimenta! del Zaidin. CSIC. Granada.

LMW RNA analys's was performed “vr he identifica on and classification of 20 Argentinian strains
isolated from t ~ -oot noduies 0 “osopis alba. = :se strains were also stucied by SDS-PAGE of
total cellii'ar proteins, determination of the DNA base compos™ ., DNA-DNA reassociation
experiments and physiological and biochemical tests, and the v 2 .6S rRNA gene was sequenced
from one of the strains, M. chacoense _MG 19008". The results 0. ..o ger L.ypic and phenotypic
characteriza or. _..owed nathes isisolateci . . ¢ dybelc agup atclistered » e
genus Mesorhize .. .. o .esuics of DNA-DNA “61Z&t10 Wea 12 , group is a mew
species nf  5ge us. Mo v orose hier 2 Meson zobium chac ense sp. nov. f 't is species. .
chacoe i1se.s o are e atr 3, aerobw., Ot e, nor spore for  1ro¢. T ir coionies on YMA .

circi ar ~= mex, he,00ac ~ @0 Su 403 " (a erwthil 7daysat 28°C. e
—~v e erature for grov 37 C. ege ral - esce” T)to 241 YN oth
" m2streas cf IS species proc ce acid fro ., .Cl.se, . " ose, _-ré )se, . A se,
trel  ose, aadot e U TTase el L L re eas.  J¢ .3 ce. ese
frai ore L o, Loy, T ocCh e LoXe T 5P ) SluGSes, -
ma 0s.. eSS .. Celyig .cCo LAS€S. T L oop Ci3S DWW o » N/ e a G
profizis. <. . her:dec:s o s 3 Al = oce o did et
ci y e HJwee e N8 as oo IS € IS0 ' is species.
e C Wolc X8 e G002, - - ™ C,was 61.7 and
ELD% 3sp oy Theemessiom = cwef 68 rRMYs o o'y J278249.
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S8-P47

POTENTIAL OF THE “DUAL", IMPROVED TECHNOLOGY OF INOCULANTS MANUFACTURE,
FOR CROP PRODUCTION

Negrutska Valentina, Lar Olena, Kozyrovska Natalia
Institute for Molecular Biclogy and Genetics of the National Academy of Sciences, Zabolotnoho, 150,
Kyiv 03143, Ukraine

Bacillus mucilaginosus is known as a plant growth promoting rhizobacterium, producing
phytohormones and improvi ~* e mineral nutrition ¢ - ants. In 60-s it was used in Ukraine for
enhancing crops, however, i sive use of agrochemicals displaced the B. mucilaginosus spore
inoculant from practice. Nowadays, interest in B. mucilaginosus is renewed because of It produces
large amowits of exopolysaccharide (EPS). With the idea of using EPS as a carrier for inoculants
development, praciical forr uiation of inoculant was elaborated (Kozyrovska et al., 1996). The B.
mucilaginosus-based tec.  logy of inoculant manufacture included co-cultivating the bacterium B.
mucilaginosus a d any bac 2rium of choice which determined the type ¢ oct'art (biopesticide,
biofertilizer). The ' partner provided the living cells of tre inoculant with a carrier, EPS, and caused
a positive effec* or. the plant because of its beneficiai - « s. Second partner conferred beneficial
activities and s w'ated EPS production, so that B. i€ «, s produced two times more EPS
during 2-day co-ct' vating with a pz er. The 1oc Iz «, therefo 3, contained cells of both partners
and large amourt of EPS. And althoug two inoct ants KLEPS  ~1d PSEPS designed exhibited high
efficiency in crop producing, poter’ "lack of this technology could be in incompatibility of some
PGRB with B. mucilaginosus.

The objective of this s 1y was to improve the B. mucilaginosus-based technology, widening its
potential for more spec s of bacteria. Next variant ¢ tech Jlo y, “Dual”, is a one-stage as previous

one, however, . separates ci  v¢ i0 ¢ vacterial cornoone .. . ~erpatibility happens) i the time
(); zeolite aysr- e 0’ a si wor + e EPS oroduc o i, .ae  oc.lant of new generation
col scelso0* o a e~ 4 = ol '« .”Se previcds ¢ 3, and in addition zeolite

enriches the inoculc  wiiih imicroeiemeants (up 0 12).
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5$8-P49

CO-TRANSFER OF SYMBIOTIC EFFECTIVENESS, NODULATION COMPETITIVENESS AND PH
TOLERANCE IN R. LEGUMINOSARUM BV. VICEAE BY CONJUGATION.

O.N. Kurchak, N.A. Provorov and B.V. Simarov.
' Research Institute for Agricultural Microbiology, St.-Petersburg-Pushkin, 189620, Russia

We studied the plasmid-mediated transfer of symbiotic effectiveness, competitiveness and acid
tolerance using conjugation between R. leguminosarum bv. viceae strains. The pSym of symbiotically
effective R. leguminosarum bv.viceae strain 1-32 was identified by a conjugal transter of Tnb-labelled
replico s ‘o the plasmidless of A. tumefaciens Gm1-9023. Tn5-mob labelled pSym1-32 was
conjuge ed (v th a help of DRP4-4) to R. leguminosa n bv.viceae symbiotizally non-effective Y57 and
low-effective Y 4 st~ s. e transco ugants harbouring pSym1-32 induce Fx- | es on Vicia
villosaroots. 1 ey s owed a s ir ficar 1y increased plan* ~1ss, N accumulaticn and acetylene-
reduction as compared to recipic  strains. Donor strain 1-32 and two recombinants of Y14 occupied

89%, 85 "6 . ciles when co-noculated (1:1) with recipient Y14, Strain 1-32 was able to
grow if. d7¢ . _ " umatpH=5.C, whereas Y12 was . etogrowatpH < 6.5 The Y14
(pSymi-32) transc. ~ :ants acquired e acid tolerance of deror strain. Therefore, genes required

for symbiotic effectiveness, compeiiti 21 :ss and acid  .rance are located on pSym1-32.
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$8-P51

SYMBIOTIC GENOTYPES DIVERSITY OF SINORHIZOBIUM MELILOTI ISOLATES SAMPLING
FROM SOIL AND NODULES OF VARIOUS HOST PLANTS FROM THE CENTRAL ASIAN GENE
CENTER OF ALFALFA.

M.L. Roumiantseva’, E.E. Andronov', L.A. Sharypova!, T. Dammann-Kalinowski?, M. Keller’ and B.V.
Simarov'.

" Research Institute for Agricultural Microbiology, St.-Petersburg-Pushkin, 189620, Russia.

2 Lehrstuhl fur Genetik, Universitat Bielefeld, D-33501, Germany.

The 27 isolates of Sinorhizobium meliloti from both soil samples and nodules of Medicago, Melilotus
and Trigonella were recovered from the Tadjikistan region of Central Asia. Nodule isolates
predominantly carried a cryptic plasmid (average size of 200 kb) in addition to the megaplasmids and
were in twice enriched in ISRm2011-2 element copies per genome in comparison with soll isolates,
among which two isolates free of ISRm2011-2 were revealed. RFLP analysis of the 4 chromosomal, 4
megaplasmidl loci and 2 megaplasmid2 gene clusters revealed the values of genetic heterogeneity
(H) at chromosomal and megaplasmid2 loci were higher in soll isolates than in nodule isolates. The
values of H at megaplasmidl loci were similar in both soil and nodule isolates, but exceeded the
values of H at chromosomal and megaplasmid2 loci. The combination of certain chromosomal and
megaplasmidl RFLP types was significantly non-random in both soil and nodule isolates, while the
megaplasmidl-megaplasmid?2 associations occurred to be specific in soil isolates.
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$8-P55

INFLUENCE OF MICRONUTRIENTS IN BIOLOGICAL NITROGEN FIXATION ON BEAN
{(PHASEOLUS VULGARIS)

A. Daza, C. Santamaria, M. Camacho, D. N. Rodriguez and F. Temprano
C.ILF.A. "Las Torres-Tomejil". Aptdo. Oficial 41200-Alcala del Rio, Sevilla, Spain.

The low efficiency for biological nitrogen fixation in the symbiosis Rhizobium-Phaseolus vulgaris under
field conditions is well known (Graham, 1981; Piha and Munns, 1687). Since bean culture is
considered of a great importance in many countries it would be interesting to increase bean yields
when symbiotic nitrogen fixation is involved.

This work is an approach to the knowledge of some factors, such as microelements, concerned with
this association. The effect of several microelements (Mo, Cu, Zn, Mn, B) has been studied using
Rhizobium strains and commercial bean cultivars.

Phaseolus vulgaris cv. Canellini was inoculated with two Rhizobium strains (R. tropici CIAT89S and R.
etli ISP23) and grown under controlled conditions in two greenhouse experiments. Different
treatments involving the absence or not of each micronutrient in the nutritive solution were
established. As in other legumes (Bolanos et al. 1999) boron seems to be the most necessary
microelement for nodulation and efficient nitrogen fixation on bean. When the nutritive solution was
deprived in boron, number of nodules did not differ significantly from controls, but nodules formed
were white, inefective and smaller. Absence of boron affected more specifically the biological
nitrogen fixation than the mineral nitrogen assimilation. Deprivation in ather microelements affected
negatively the nitrogen fixation in a lower proportion.

A field experiment with cv. Mutin (a fresh green bean commonly used by farmers in our region) was
carried out in a loam soil ph 8.1. Inoculated treatments were supplemented with different
microelements {(applied on leafs) but no significant differences were observed, suggesting that other
different factors, in addition to micronutrient content, must be involved in the low nodulation and
nitrogen fixation observed in our field conditions.

Bolanos et al (1999). In Pedrosa F. et al, eds. Nitrogen fixation: From molecules to crop productivity.,
p 253, Kluwer Academic Pub. Dordrecht, The Netherlands.

Graham, PH (1981) Field Crops Res. 4, 93112

Piha MI, Munns DN (1987) Plant Soil. 98, 168-182

This work was supported by DGIFA, Consejeria De Agricultura y Pesca, Junta de Andalucia, Pir 95-26.

Antonio Daza and Maria Camacho received postdoctoral felioships from INIA and DGIFA (Junta De
Andalucia), respectively.

m3l7m



(N
VoA

) fe

'

1 ' '
PR

J v v [



.. Poster abstracts/ Symposium 8

S8-P57

IDENTIFYING GENES SUITABLE FOR CONSTRUCTING PH AND SALT TOLERANT RHIZOBIUM
INOCULANTS FOR IMPROVING FRENCH BEAN CULTIVATION UNDER SEMIARID
CONDITIONS.

B. Boesten, A. Schliter, J. Prell, M. Kramer, V. Lipka and U.B. Priefer.
Okologie des Bodens, RWTH-Aachen, Germany.

The Phimed project is a collaboration of two European (RWTH Aachen, Germany and CNR-IIGB
Naples, Italy) and two North African laboratories (University of Rabat, Maroc and GEBRI Alexandria,
Egypt.). The project, aimed at improving french bean cultivation under semiarid conditions by
constructing acid and salt tolerant rhizobial N,fixing inoculant strains, is financed by the EU under the
INCO-DC programme (ERBIC 18CT 980313).

The role of our laboratory is to identify and clone genes involved in conferring resistance to acidic
and osmotic stress in Rhizobium spp., to study the regulation of these genes and to understand the
mechanisms of stress resistance. This knowledge may uliimately be used to construct Phaseolus
inoculant strains with improved performance under semiarid conditions.

To date two gene clusters have been identified in R. leguminosarurm and were studied in some detail.
Homologues of the S. meliloti actRS two component regulatory system involved in the acid stress
response, have been identified by hybridisation. A chromosomal fragment containing the actRS
genes was cloned and mutants in these genes were constructed. The R. leguminosarum actRS
mutants were impaired for growth under neutral pH conditions and failed to grow under acidic
conditions on complex medium.

A second gene cluster was identified by Tn5-lacZ m tagenesis. A mutant was identified that showed
increased lacZ activity under acidic conditions, v 1en compared to neutral pH. The transposon was
cloned with flanking DNA and was found to be located in a gene coding for a y-amino butyrate (GABA)
transaminase (gabT). The gene cluster also contains a gene coding for succinate semialdehyde
dehydrogenase (gabD), which is the nex: enzyme in de GABA shunt pathway. Promoter-GUS fusion
studies indicate that the gabT gene s ‘nduced by GABA and is highly expressed in situ du ing
symbiosis. When introduced into a acid and salt tolerant R. tropici strain (RP163), the gabT proroter
was found to be correctly regulated and additionally was induced at low pH on complex medium.

m3]19nm
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$8-P59

DIVERSITY OF RHIZOBIA ASSOCIATED WITH ACACIA SPECIES NATIVE TO MORELOS, MEXICO

I. Toledo-Garcia **, E.T. Wang and E, Martinez-Romero™
*Centro de Investigacion sobre Fijacion de Nitrogeno, UNAM.
**Fac. C Agrs. UAEM. AP 595-A. Cuernavaca, Mor. México.

Many tropical legumes are hosts for symbiotic nitrogen-fixing bacterial whitin the genera
Azorhizobium, Bradyrhizobium, Mezorhizobium and Rhizobium (including Allorhizobium and
Sinorhizobium ). Characterization of isolates from legumes in tropical regions have led to
descriptions of new taxa and unique phylogenetics branches, such as Azorhizobium caulinodans,
Allorhizobium undicola, Mezorhizobium plurifarum, R. etli, R. tropici. R hainanense, Sinorhizobium
saheli, and S. teranga.

Among these new taxa R. etli and R. huautlense were proposed for or recorded from the isolates
from mexican soils. Leucaena leucocephala was reported to nodulated with M. plurifarum and R.
tropici in South America and in Africa, but some new rhizobial group were found to nodulate this plant
in mexican soils were Leucaena is native. So, extensive isolation and characterization of rhizobial
from indigenous to Mexico could be very halpful to improve the taxonomy, to learn the origen,
evolution and distribution of rhizobia.

Species in the genus Acacia have wide distribution in the tropical regions. These legume plants are
trees or shrubs and they are important foliage for animal in the drought season. Some Acacia are
native to Mexico such as Acacia cochliacantha. Diverse rhizobial populations associated to these
plants in Mexican soils were obtained in this research and analyzed by MLEE, PCR-RFLP and
sequence of 16S rRNA, plasmid patterns. From the results of 16S rDNA sequence analysis we
identified some strains closely related to K. mongolense.

M. plurifarum LMG11892 (African isolate), did not form nodules with the mexican Acacia species
tested and specificity was evaluated with the d:fferent native hosts and the groups of isolates.

E32]m
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S8-P61

EFFECT OF THE INOCULATION OF LUPINUS ALBUS WITH PGPRS ON NODULATION

Lucas Garcia, JA, Probanza, A, Colon Flores, JJ, Ramos, B, Gutierrez Manero, F.J.
Universidad San Pablo CEU. Fac. CC Exp. y Técnicas. Madrid, Spain.

A lot of examples in bibliography showed a synergetic effect among fixation, nodule formation and
the co-inoculation of leguminous with PGPRs (Plant Growth Promoting Rhizobacteria) (Chanway et al.,
1989; Dashti et al., 1997). The reasons why this effect occurs are not well known, however many
rhizobacteria are able to produce hormones which can change the infection (Dashti et al.,1998).
Almost the whole of regulators of vegetable growth are involved in one or another way in the process
of formation of the nodule, one of this, the ethylene, is showed to have a high effect in the process.
Hunter et al. in 1992 had alredy demostrated that the ACC concentration increased till four times
during nodule formation in the soya.

Different strains from Lupinus rhizosphere have been isolated. Of these was selected 3
Aureobacterium (Aur 2, Aur 11 and Aur 10), 1 Bacitius (BC6), and 1 Pseudomona (Ps2). All strains
were able to degradate ACC in culture medium and used this metabolite as the only source of
nitrogen (Glick, et al., 1995).

Our hypothesis suggest that these strains can use ACC, produced by plants, in the nodular
primordium, and then it is released to the rizhospere. The degradation of ACC in the external medium
allow the formation of a concentration gradient which will help ACC to be released from the nodule,
therefore the internal level of ethylene will be clearly affected.

In this work 15 days old Lupinus albus plants have been inoculated with B. japonicum. One set was
inoculated seven days before with each strains of PGPRs tested bacteria. Other, seven days after
that, and finally the last one was inoculated at the same time of B. japonicum. In all cases 30 and 40
days after the inoculation with B. japonicum the visible nodules were counted (4 repetitions).

The results show powerful effect (an increase in the number of nodules) with the strain Aur 11 in case
it was inoculated in combination with B. japonicurn or seven days after the inoculation with this one.
On the other hand, no strains present any effect in the nodulation if the inoculation is produced seven
days before the inoculation with B. japonicum. Our results suggest a posible effect of the tested
strains in accordance with the mentioned hypothesis, and could be used to consider other aspects
related with the process of nodulation.
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S8-P63

RHIZOBIUM STRAINS ISOLATED FROM BEAN NODULES IN SPAIN AND IN MEXICO SHARE
SIMILAR PLASMID SETS.

Susana Brom', Lourdes Girard!, Alejandro Garcia de los Santos!, Julio M. Sanjuan-Pinilla™, and Juan

Sanjuan.

'Programa de Genética Molecular de Plasmidos Bacterianos, Cert e Investigacion sobre Fijacion
de Nitrogeno, UNAM. A.P. 565-A, Cuernavaca, Mor. México.

2 Estacion Experimental del Zaidin, calle Prof. Albareda N@ 1, C.P. 18008, Granada, Espana.

Rhizobit:m efli strains, which nodulate bean roots, were originated in Meso-america. We have found a
series of ¢ varace s c plasinid-associated traits in these strai s. Stra. ' ave been isolated from
bean nodules ~sev | sohis o Spain. 16S rDNA analysis cated tha' ey belong to different
rhizobiai spect s, nulin  g: etl, giardini, gallicum, legr 1054 1ima d frec ..,2).

We have cc- parec  ~estrai s with mexican a ves ‘¢ 1s.. ¢ ¢ uyv:defer nedtheir
plasmid pattern, ana analyzed RF'.?  -ofiles of sy ~oticaswe asc¢ 1 1Sy ol - genes scattered
among the different plasmids * "', fixL, fixK, fix, osp3, repABC'  d 2 ¢ osore (leuA, katA,
phaC).

" e resuits obtainec ‘ndicate that R. etli strains isolate¢ = Spain cotte = s iu - ~binations similar

¢ 038 10UNG L e W P oLdamiL. Can strains, s supportitg ¢ w textrackromosc

€ eer e nrrog 3gra pa 0. .2 genome . th'sspecies. A g e r rhizobi  bean-

"y unat species ool San,soeslowatl cal oo rrag T Tidice”  that these

strains probably arose a  * 2cqui SOAS WDYNE COSf . . n. M oL strains.
Y/ U I S S Lo )

2. ed - : L ot e A

e B CeXC” ~ g ] " W o SYTCE D Ll
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S$8-P65

NITROGEN TRANSFER FROM LEGUMES TO NON-LEGUMES

Gudni Hardarson and Martina Aigner.
Soil Science Unit, FAO/IAEA Agriculture and Biotechnology Laboratory, Austria

Several methods have been used to measure N transfer from legumes to non-legumes including the
BN isotope dilution, N, labelling, split root N labelling, leaf or stem *N feeding. Most of these
methods have shown very little or no direct tranfer of N from legumes to a nonlegumes when grown
in a mixed cropping sysem. However, some studies have been able to guantify N rhizodeposition by
legumes and the N transfer when the root system of a leguminous plant is decomposing, e.g. during
or after cutting or stress.

The present study investigated the time course of N transfer from soybean and common bean to the
associated wheat plants using the stem '*N feeding technigue under greenhouse conditions. The
objective was to measure if any N transfer occured during the various growth stages of the
leguminous crops.
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S8-P67

GENETIC DIVERSITY OF RHIZOBIA NODULATING LEGUMINOUS PLANTS OF SOUTH AFRICA.

J. B. Jaftha & PL. Steyn.
Department of Microbiology and Plant Pathology, University of Pretoria, Pretoria, 0002, South Africa

Rhizobia are root nodulating bacteria, able to biologically fix atmospheric nitrogen in leguminous
plants. Fixed nitrogen is usually deficient in soils leading to increased application of industrially
produced nitrogen fertilizer for adequate and sustainable food production. South Africa has
approximately 1400 legume species growing under diverse geographical and climatological
conditions. Establishing well-nodulated legumes on agriculturally poor soils is a means to meet the
increasing demand for more effective food production Previously, effective nitrogen fixation has been
achieved by inoculat © legume seeds with appropriate rhizobial inoculants before planting. However,
more effective anc  mpetitive rhizobial ¢ 1ins neecd o be selected for extensive application in
South African ag ic . Understardii 2 e versity of *he indigerous  .obia is therefore essential
for develooing ve e “nHculants and ' - ate ~ew adaitions to ihe curre : rhizobial taxonemy. Since
previous investigations into the ider wy ~* 2 incigenous rhizcbia were exclusively focused on
phenotypic traits, this study aims t¢©  de co 1parative - icleic acia sequence data of the 16S rDNA

and._ .7 Tagmerl'. UV opt'yt Cor ¢t sene. Rhizobia * ~e isolated from nodules
Jozer i T re zecd forel es. G "> NAwasprepe 2 0 - rsede"sa dthe
€O ww 23S-aaC. regionam T_. Phyoyz ticre’ T T weel T oedfror s paralive
g ou500 1@Se. mCe. . Sec..tce T Lon ..o 70T L rawerere’ we ' rCC
€ WA W oteow os o FP ses,  L.CKopro A odiger v T r
R i 2as ) ~ TS Lcore o w3l L, o o Aavor
Mos ¢ e ~7i ~ e i a v ooy e o0 CLo w 'S, a olgn siwere
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$8-P69

BIODIVERSITY OF RHIZOBIUM IN A METAL POLLUTED ECOSYSTEM

Castro, L.V.!, Ferreira, E.1 & McGrath, S.P.2
' Dep. de Microbiologia EAN/EFN, Quinta do Marqués, 2784-505 Oeiras, Portugal.
£ Soil Science Dep., IACR-Rothamsted, Harpenden, Hertfordshire ALS 2JQ, UK.

Pollution tends to lead a decrease in microbial diversity in terms of species or strains richness due to
extinction of those ones which lack sufficient tolerance to the stress imposed, and can potentially
lead to the earichment of a particular species (or strains) which survive well in the face of the stress.
N-fixation is considered one of the most important microbial processes .1z '3 sensitive to heavy
metal pollution. An assessme:t of the genetic diversity of Rhizobium leguminosarum bv. trifolii, by
analysis of plasmid profiles, an¢ the relations” p between plasmius and the tolerance to heavy metals
could provide valuable informat.on aboui 1)izobial genotypes  : are well adapted to the stress
conditions existent in polluted scils. For t is study a sni ras selected from an area with known
pollution probler s w ere 2avy metals have been el 3¢ by industr ~~ nearly 40 years. Rhizobium
strains were isolate¢. o 1 noduies of subclover grc n~tl ~ ~~- aminated soil and also from
nodules of subc over growr in an uncontaminated so wr *ide cal texture and similar organic
matter. The po *~d sc °nd higher concentrations o fieavy metals, mainly Cu, Zn and Hg, than the
unpolltted soll.

Plasmid profiles of the 57 isolates of R. leguminosarum bv. .~ "tes ed showed the existence of 12
different [ 'asmids v " lecular wei "t ranging from 460 to / .b. ree to 6 bands were detected

" each iso e. Cscwtes . v ache Loernsic plas vic o le, were verified according the
soil fror.. . w7 teywere.sc e . lIsolates . pc iteds  haupredo  ar ly 4 nlasmids and
Solates fron. ¢ polutec » me  y 3 la mics. C ¢ v 5 wasve ie ta ' isolates
ad aways 2. gub oo ad e 200 dy460¢ 435 . ¢ oo > shown by pi~~~ud
pr¢ iles was g e» sre i goolaer ids of ¢ ~ o~~~ t zome - oresent ony
isolates frompr eu s~ oct ckitacolerance ! zavy “wo Rhizob ur strains wit*"
differer - asr'~<c & s,y ese'ec O ewasfror ecct T " T 3d 4 plasmids,
re vec vey A€ - 2190 ko. e "Mer " T owes”  Ueu. 7 afed soi and had
o I e 'ast 3, esp U460, 3% and 1€T . o 3s _ow t .. 2 former .solate
Stret v et LofCo Zrand g Lot e o o wocon. aed so . These
results ¢ _ i _lsole esfrocol . noedsolarewe ac Lo ) dose. uf eu / metals.
Survive  anu .. créice o Jhese . Lobi me ains couid be re. 8GO i presence o sor e plasmids,
such as the plas 219k st osertinabout 86% 07 risoiaine frr 3 co wminated
soll.
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S8-P71

SUSTAINABLE USE OF RHIZOBIA IN IMPROVED FALLOW SYSTEMS

David W. Odee.
Kenya Forestry Research Institute, P. O. Box 20412, Nairobi.

The primary objective of using nitrogen fixing trees and shrubs (NFTs) in tropical agroforestry
systems is to improve N economy | the fixers and that of associated crop. Improved fallow is an
agroforestry tecl 1ology, and is a derivation from the traditional faliow where fast-grow 1g species are
deliberately plar ed during a crop-resting period - rapic rer 21 » .o of soil fer ty. Improved
fallow s ecies re ustally legu® s herbs, shru s~ rees  1agec JdOf 1se biomass

produc  yin as less “ime as possible. T e ¢ y used ‘a ow species are: Sesbania sesban,
Crotalaria spo., Tephrasia spp. and Calliandra calol “rsus. However, = a e~ 0 as been given
towards ens - *hat biologica  -age “ixatio ‘"N"* - anced, b i1 er rely 1g on natural or
spor a =ous noc ation. Bene ts of 1< 1g NI 's a- y species car be substantia’ "orex e, a
2.5- divcreaszof  reg T 7' ashee acteved follov’ spor 2 s’y od ' Cing S.
sesban “allow (as opoosed “ra . . "grassfallow” .. ¢ "o .. .. s . _ .wes 2rn highlands of

Kenya where soils are . overished. [he key que onis can we im:arove BNF . . ese systems and
wilh whe  izeoium .scar Hgies?

Cv. a ofoesei fsyste i D DL aodCHEG Dy ¢ Ty | 2 A /e
203 'OODLa T AN er iy, aariz 3 ENc e .. by si oac ~otorss oatve
oo cof > N < LY es VIS S~y 5, Wwoovary
taxu o Ca Lozt e 7oA R - ' - ixe ¢ty The
¢ fc TLd TTSyn e ST e - . c "o 1« e
al "o~ Coaspec | 2 - s.. o, e Bp -
o L t : oW : o 7 T ovee
W .- .. ey -
- a / O ¢ JooC e o S ' MRS
PRV /e bl “ S > o < L ou
85
cy 3, 3 .- ~ To.ods o -E0 3.
< Az 1136 ' T U S
e, OW o1 -y ¢ ¢ ' s),pot
Sa v -, 27799 1. Syst. 47, D2,
St 7000 T Tot o 32, 323-333.
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S8-P75

CHARACTERIZATION AND IDENTIFICATION OF SOME INDIGENOUS SOUTH AFRICAN
RHIZOBIA USING 16S rDNA SEQUENCE ANALYSIS

M.M. Kock and P.L. Steyn.
Department of Microbiology and Plant Pathology, Univerity of Pretoria, Pretoria,0002, South Africa

The use of different characteristics (the polyphasic approach) to describe bacterial taxa is a
prerequisite for a stable classification. The taxonomy of root- and stem-nodulating rhizobia is in a
state of transition. As more legumes are studied, new species and genera of rhizobia are described.
It is important to study the indigenous South Africa rhizobia, as without them a complete rhizobial
taxonomy is not possible. Futhermore, strains with superior nitrogen fixation abilities may be
discovered. Indigenous strains better adapted to the harsh South African environment are possible
candidates for commercial inoculants for cropped legumes. Only two locals studies have been done
on the diversity of the indigenous rhizobia. These studies revealed the diversity of rhizobia existing in
the South African context. As part of a polyphasic approach used to identify and determine the
diversity of the indigenous rhizobia, 16S rDNA sequencing analysis was performed on some selected
rhizobial and putative rhizobial isolates. The aim of study was to characterise and identify the
indigenous isolates by 16S rDNA sequencing analysis and compare our data with those available in
the GenBank database. Results showed that most of the indigenous isolates were slow-growers
belonging to the genus Bradyrhizobium. Two isolates from supposedly non-nodulating legume genera
(Cassia and Senna) were found to belong to the genera Mescrhizobium, Rhizobium and
Sinorhizobium. The identity of five isolates was not clear and further studies need to be performed to
unequivocally determine their taxonomic position. Partial sequence analysis of 16S rDNA proved a
valuable tool to characterise and identify the indigenous isolates. However, the method was unable to
clearly distinguish between closely related species and strains.

m337m



) o
- ot
S -
1 Ce
S . .
ao .
L
- -
‘
. ZrS,
\ Pt
?
: Y~

~roe

$8-P76

v de¢

(a))

w

“ee

o



... Poster abstracts/ Symposium 8

S8-P77

DIFFERENTIAL GROWTH OF LEGUMES IN THE PRESENCE OF NITROGEN FIXING BACTERIA

Pérezfernandez, M.A.-?, Rodriguez-Echeverria, S'. & Lamont, B,

" Area de Ecologia. Univ.Extremadura. Av.Elvas, s/n, 06071. Badajoz.

¢ Scool of Environmental Biology, Curtin University of Technology, GPO Bpx U1887, Perth, WA 6845,
Australia.

Four greenhouse experiments were carried out in order to investigate the effect of nitrogen-fixing
bacteria of the genus Bradyrhizobium on the growth of two shrubby legumes and its ability to
nodulate non-natural hosts. The selected species were Cytisus multiflorus, and Bossiaea aquifolium,
both natives of two areas of Mediterranean-type climate. The two species have a similar life form and
life cycle. Cytisus multiflorus is endemic to the Ibenan Peninsula, whereas Bossiaea aquifolium is
restricted to Western Australia. Bradyrhizobium strains were isolated from root nodules of Bossiaea
aquifolium growing in natural populations in Western Australia. Treatments included combinations of
soil sterilization and soil inoculation: (a} non.-sterile, non-inoculated soll, (-/-); (b) non-sterile, inoculated
soil {-/In); (c) sterile, non-inoculated soil (St/-); (d) sterile, inoculated soil (St/In). Plants of the two
species were grown in soils from populations of B.aquifolium, collected in Western Australia.
Nodulation efficiency was measured by comparing biomass production in both species after six
months of growth. The shoot/root ratio, the number of root nodules produced by each plant and the
nodule biomass was also measured. The results show that bacteria isolated from B.aquifolium are
capable of inducing effective nodulation in seedlings of C.muiltiflorus. This does not support the
hypathesis of complete specifity among nitrogen-ixing bacteria and their host legumes, as previously
reported for cultivated legumes. The final values of biomass and shoot/root ratio for B.aquifolium
growing in its own soil were always greater than those reached by Cytisus multiflorus under the same
growing conditions. Significant differences were found for the biomass production of the two species
growing under the treatment (St/-). This result is interpreted as the lack of bacteria in the soil.
Differences were also detected in the growth of B.aquifolium in the experiment (-/In), where biomass
production was greater than that of any of the remaining treatments. Root nodules production was
much higher in C.muitiflorus than in B.aquifolium. However, nodules produced by C.multiflorus were
much smaller that those from B.aquifolium, a fact that suggest a higher efficiency in nitrogen fixation
for B.aquifolium.This is in consonance with the final biomass production and shoot/root ratio that
were higher for the plants with bigger nodules. Despite this, bacteria isolated from B.aquifolium were
able to infect seedlings of C.multiflorus; but the efficiency of nodulation is lower than that in the
natural host plants. This is reflected by a lesser growth of the plants of C.multiflorus as well as a
lower production of nodules with presumably a lower capacity to fix nitrogen.
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IMPROVEMENT OF SYMBIOTIC NITROGEN FIXATION IN CHINESE SOYBEAN CROPPING AREAS

Su Sheng, Y.'; Hai Yu, Z.; Jing, Z.; Spaink, H.P.%; Schlaman, H.R.M.; Harteveld, M.; Thomas-Oates, J.E.3;
Olsthoorn, M.; Temprano, F.*; Camacho, M.; Daza, A.; Rodriguez, D.N.; Santamaria, C.; Ruiz-Sainz,
J.E.5; Bellogin, R.; Buendia, A.; Cubo, T.; Espuny, M.R.; Gutiérrez, R.; Lyra, M.C.C.P.; Madinabeitia, N.;
Medina, C.; Ollero, F.J.; Vinardell, J.M.; Junchu, Z.8; Lihoug, M.; Mingzhou, C.; Jiangke, Y. & Fuli, X.

" Department of Microbiology, China Agricultural University 2Yuan Ming Yuan West Road, 100094
Beijing, China.

? Institute of Molecular Plant Sciences, Clusius Laboratory, Leiden University, Wassenaarseweg 64,
Leiden 2333AL, The Netherlands.

* University of Manchester, Institute of Science and Technology (UMIST), Department of Chemistry,
Michael Barber Centre for Mass Spectrometry, UMIST P.O. Box 88, Manchester, UK

“ Departamento de Suelos y Riego, CIFA Las Torres y Tomejil. Apdo Oficial 41200-Alcaléd del Rio,
Sevilla, Spain.

> Departamento de Microbiologia, Facultad de Biologia, Universidad de Sevilla. Apdo. 1095, 41080-

Sevilla, Spain.

® Department of Microbiology, Huazhong Agricultural University, Shi Zi Shan Street, Wuhan, P.O. Box
430070, China.

The results presented here have been obtained during the development of an INCO-DC project
entitled “Improvement of symbiotic nitrogen fixation in Chinese soybean cropping areas”
(ERBIC18CT970191).

Soybean cropping is extremely important in China where soybean seeds represent one of the major
protein sources. The soybean-microsymbionts Sinorhizobium fredii and Bradyrhizobium japonicum
are present in the soil of soybean cropping areas of China, which is tne geographical origin of
soybeans. However, very little is known about the distribution and relative predominance in Chinese
soils of the two bacteriai populations, their symbiotic nitrogen-fixation capacity as soybean inoculants
and their competitive ability to nodulate soybeans in soybean cropping areas.

Quantitative analyses of the S. fredii and B. japonicum populations in soils of four different provinces of
China (Hubei, Shan Dong, He Nan and Xinjiang) have been carried out. For this purpose, soil samples
were collected and used as inoculants of Asiatic and Western soybean cultivars. Bacterial isolates
recovered from soybean nodules were divided into fast- (Sinorhizobium) and slow-growers
(Bradyrhizobium) by their speed of growth on YMA. All soil samples contained fast- and slow-growers.
The percentage of fast-growers was generally higher thar that of slow-growers, suggesting that
Sinorhizobium is more abundant than Bradyrhizobium in the investigated areas. The size of the
indigenous populations of soybean-rhizobia (Sinorhizobium and Bradyrhizobium) were estimated by the
“Most Probable Number” (MPN) technique. All soils contained about 10*10° bacteria/gram of sail.

Two hundred Sinorhizobium strains have been further characterised by assay of the following traits:
generation time, final pH of the cultures, intrinsic antibiotic resistance, colony morphology, melanin
production ability, plasmid profiles, lypopolisaccharide (LPS) profiles, Nod-factor (LCOs) profiles,
utilisation of different compounds as the sole carbon or nitrogen source, ability to grow at acid and
alkaline pH and symbiotic efficiency with soybean cultivars. A catalogue that compiles this
information has been produced.

Competition experiments between Bradyrhizobium and Sinorhizobium strains have been carried out.
Our results strongly suggest that pH and soybean cultivar are important in determining the final
outcome of the competition between the two groups of bacteria. Sinorhizobium strains that are highly
competitive against Bradyrhizobium have been identified.
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