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INTRODUCTION 

Rhizobium and Bradyrhizobiurn bacteria are unique among 
microbes in their ability to induce nitrogen-fixing nodules 
on legurnes. This symbiotic interaction has an strategic 
importance, particularly in the context of food production, 
since it allows the legume plants to thrive in nitrogen­
impoverished soils . In addition to their agricultural 
interest, the Rhizobiurn/Bradyrhizobiurn-legume symbiosis 
provides a good experimental system to study the molecular 
basis of several relevant problema in plant sciences, such 
as the specificity of recognition between planta and 
microbes , ar the elucidation of plant development 
organogenesis. Furthermore, the analysis of the symbiosis at 
the molecular level has produced a large data base leading 
to related advances in bacterial genetics, regulation of 
gene expression, metallo-protein chemistry, plant diseases 
ar bacterial ecology. 

The process of nodule formation and nitrogen fixation 
requires the participation of genes from both the plant host 
and the bacterial mic~osymbiont. These include genes 
involved in specific recognition between the eukaryote and 
the prokaryote partners, in invasion of plant cells and in 
nodule development and functioning. Still other genes are 
involved in ancyllary functions such as hydrogen recycling, 
although they are not required far the symbiosis itself. A 
differential expression of these genes takes place in the 
bacteria and in the nodule plant cells in response to 
extracellular small molecules that are exchanged between 
both symbionts. Several of these interactive molecular 
signals are starting to be identified now, and the 
regulatory changes that are needed to elicit the nitrogen 
fixation mechanisms are begining to be understood. 

It was the spirit of this Lecture Course held in 
Fundación Juan March to provide a f orum where postdoctoral 
ar advanced postgraduate students and young scientists will 
have the oportunity to interact in a direct manner with 
reseachers working on different molecular aspects of the 
Rhizobium-legume symbiosis and get adquainted with the 
latest developments in the field. With this aim in mind, 
four sessions were programmed along the two days of the 
course. The first session was dedicated to review the 
molecular genetics of legume nodulation. Special emphasis 
was placed in recognition, molecular signaling and host 
specificity. The second session dealed with nodule 
functioning, and was centered on molecular aspects of oxygen 
regulation of nitrogen fixation and carbon metabolism in 
nodules . In the third session, two possibilities of 
increasing nitrogen fixation by manipulating genes involved 
in competitiveness of Rhizobiurn strains far nodulation and 
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in hydrogen recycling in nodules were analysed in detail. 
The fourth session was dedicated to review plant genes 
related to the symbiosis and the functions of their 
products. The rev1ew lectures were followed by extended time 
of formal and informal discussions. The participants also 
contributed by presenting their research lines and recent 
data in posters (17) that were exposed al! along the Course. 
In addition of the l ectures of the invited speakers, short 
oral presentations were given by six participants selected 
after evaluation of the poster abstracts. 

Finally, I thank the Fundación Juan March for generously 
supporting the Lecture Course, and specially aknowledge 
Andrés González for his warm help during the organization 
and development of the Course. 
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RIIlZOBIAL GENFS INVOLVED IN TIIE NODULATION OF LEGUMm 

JA Downie 
John Innes Institute, John lnnes Centre, Norwich NR4 7UH 

Highly specific recognition occurs between leguminous plants and the rhizobia that 
nodulate them. The specificity in this interaction is mediated in part by a regulon of nodulation 
genes in the bacteria. These nod genes are involved in the formation of signals that are 
recogni.sed by legume roots establi.shing the appropriate communication between plant and 
bacterium to establi.sh the initial stages in the symbiotic interaction. 

Many different nod genes bave been identified in several strains of rhizobia. Thi.s work 
on nod gene identification has encompassed a wide variety of rhizobia including the biovars viciae 
tri/ o/ü and phaseoli of Rhizobium leguminosarum, as well as R. meliloti, R. fredü, R. /oti, 
Bradrhizobium japonicum and other Bradyrhizobium spp and .Azorhizobium caulinodans. 
Although there are clear differences with regard to range, arrangement and numbers of nod genes 
among these strains, sorne clear common features have been identified. lt is evident that in ali 
of these rhizobia most (but not ali) of the nod genes are under the control of transcriptional 
activators encoded by nodD genes. In most strains these appear to be multiple copies of nodD 

genes although in the R. l bv. vicia e and bv. trifoli strains studied only single copies of nodD have 
been found. It appears that the NodD proteins bind to tlavones, isoflavones (or even chalcones 
in sorne cases) secreted from legume roots and this interaction leads to activation of nod gene 
transcription. There is specificity in the NodD-flavone interaction and thus only certain strains 
of rhizobia will react to certain legumes. The presence of multiple copies of nodD presumably 
increases the range of flavone-like molecules that can be recognised by an individual rhizobial 
strains. 

The NodD proteins bind to highly conserved promoter regions (that extend over about 
50 nucleotides) upstream of the nod operons they control. Using these promoter regions as DNA 
hybridisation probes several nod operons have been identified and different rhizobia have 
different numbers of these transcriptional units. In one strain of R. l bv. viciae ali of the nod 

genes downsteam of these promoter regions have been sequenced and 12 nod genes in four 
operons under NodD control have been identified. In R. meliloti six operons have been found 
and eighteen nod genes have been identified thus far. Although there are obvious nod gene 
homologues in common between these two strains there are also nod genes unique to each strain. 

Many of the inducible nod gene products are involved in the biosynthesis of glycolipid 
signal molecules similar to the acylated sulphated tetraglucosamine molecule (Nod Rm-1) 
characterised by Lerouge et al (Nature 344, 781-784) from R. meli/oti. The nodABC gene 
products are necessary for the synthesis of the signal and NodM appears to be involved in the 
formation of the additional glucosamine precursors required to make the glycolipid. Other nod 

genes products such as NodF and NodE are homologous to proteins (acyl carrier proteins and 
condensing enzyme) involved in fatty acid biosynthesis and are likely to play a role in determining 
the type of acyl group on the glycolipid. Although NodF and NodE are highly conserved among 
sorne rhizobia, there is genetic evidence to show that they play a key role in determining 
specificity - presumably by determining the type of acyl substitution. NodG is a1so similar to an 
enzyme (/3 ketoacyl reductase) of fatty acid synthesis and could a1so determine the type of acyl 
substituent (R. meliloti has nodG but R. /eguminosaTUm does not). 

The R. meliloti nodHPQ genes are also key determinants of host specificity and they do 
this by making a precursor for attachmeut of a sulphate group and mediating its transfer to the 
sugar backbone of the glycolipid. Significanlty, these genes are absent from R. /eguminosaTUm 
which makes a glycolipid signal that is n•>t sulphated. 
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It is now clear that ali of the different rhizobia have a common group of nod genes (at 
least nodABC) that are required for a "core" signa) that can be subsequently modified by other 
nod gene products to make a group of related but distinct signals that can be specifically 
recognised by different legumes. 

la addition to these glycolipid signals there appear to be other nod gene products whose 
precise role is not k:nown but appear unlikely to be involved in the synthesis or modification of 
the glycolipid. Oae of these is the R l bv. viciae NodO protein which is a ea2+ -binding secreted 
protein that has the potential to interact directly with plant membranes. There are other nod 

genes from R meliloti and B. japonicum whose functions have yet to be established; it is possible 
that these gene products make ancillary signals or stimulate infection such that they improve the 
overall efficiency of nodulation in certain legumes. However since mutation of the nodABC genes 
in any rhizobial strain totally blocks nodulation and formation of the glycolipid signals, it is evident 
that this plays the central role in nodule organogenesis. 

Fundación Juan March (Madrid)
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Function of Rhizobium lequminosarum bv. viciae no4ulation qenes 
involve4 in the 4etermination of host specificity 

Herman P. Spaink and Ben J.J. Lugtenberg 
Department of Plant Molecular biology, Nonnensteeg 3, 2311 VJ 
Leiden, The Netherlands 

Introduction 

The host-specific interaction between leguminous plants and 
bacteria of the genera Rbizobium and Bradyrhizobium results in 
the formation of nitrogen-fixing root nodules. At least two steps 
of molecular signalling between plant and bacteria appear to be 
involved in the determination of host-specific nodulation. In the 
first step flavonoids excreted by the plant induce the transcrip­
tion of bacteria! nodulation genes (called nod or nol genes) 
(reviewed in references 1 and 2). The host-specificity of this 
induction process involves the bacteria! NodD protein which 
presumably directly interacts with the flavonoids (3,4). In the 
second step, the bacterium, by means of the nod genes, produces 
one or more signals (5,6,7,8) which activate plant genes (9) and 
trigger root responses like root hair curling (10) and nodule 
meristem induction (6,8,11). In Figure 1 a model is shown which 
compiles the present knowledge of the R.lequminosarwg nod genes, 
the presumed localization of their translational products, and 
their function. In this presentation we give more details about 
the biochemical function of the Nod proteins which are involved 
in the determination of host specificity. 

/ 
/ 

/ 
/ 

Plant 
Flavonoid 
Compounds 

Nod 

region 

Host specific 
bacteria! signals 

Chromosome 

Figure l. The role of the nog genes of R.leguminosarum bv viciae 
in the interaction with the host plant. 
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A. nodABC FEL - dependent meta balites 
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Figure 2. Nod signals produced by wild type R.leguminosarum bv. 
viciae strain RBL5560. This figure is based on the data presented 
by Spaink et al. (8). In the nomenclature used, the Reman numeral 
following the species indication (Rlv) refers to the number of 
glucosamine units, while the terms in parenthesis indicate o­
acetylation, fatty acyl carbon number and degree of unsaturation, 
respectively. Also indicated is the predicted nominal molecular 
mass of the Nod metabolites. 
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The NodD-flavonoid interaction 
Based on indirect evidence it has been proposed that the Nodo 

protein directly binds to the inducing flavonoids (Figure 1). 
several groups have also shown that cytoplasmic NodD protein, 
purified from Nodo overproducing strains, is capable of specific 
binding to the promoter regions of the flavonoid-inducible nod 
genes. However, two lines of evidence indicate that the process 
of NodD protein activation takes place at the cytoplasmic 
membrane: (i) The inducing flavonoids accumulate in the cytoplas­
mic membrane {12) and (ii) the NodD protein was localized in the 
cytoplasmic membrane of wild type Rhizobium cells (13). Con­
sidering these results it is well imaginable that the development 
of an in vitro transcription activation system with NodD protein 
will require the presence of membranes. 

The NodE protein determines host specificity DY its involvement 
the production of a novel fatty acid moiety on lipo-oligosac­
charide signal molecules 

Using radioactive acetate as a precursor, it was shown that 
the regulatory nodD gene as well as the nodABC and nodFEL operons 
of R.leguminosarum biovar viciae are involved in the production 
of at least five metabolites which are excreted into the growth 
medium (7,8). Thin layer chromatography (TLC) and high perfor­
mance liquid chromatography (HPLC) were used as a test system for 
the purification of the excreted radiolabelled Nod metabolites 
from a Rhizobium strain containing a wild type Sym plasmid, Sym 
plasmids with nod gene mutations, or cloned nod genes (8). The 
purif ied Nod metabolites were identified using mass spectrometry 
and NMR analysis (Figure 2). The results indicated all to be 
lipo-oligosaccharides similar to the signal molecule NodRm-1 of 
R.meliloti discovered by Lerouge et al. (5) . However, several 
structural differences of the R.leguminosarum biovar viciae Nod 
metabolites with the NodRm-1 molecule were observed. (i) The Nod 
metabolites of R.leguminosarum are devoid of sulphate and (ii) 
contain an additional o-acetyl moiety (iii) their N-acyl group 
is different and (iv) the number of N-acetylglucosamine units of 
the sugar backbone of some of the Nod metabolites is different. 
Furthermore, the two NodFE-related Nod metabolites had a 
characteristic UV spectrum (as demonstrated by the HPLC diode 
array analysis) with an absorbtion maximum at 303 nm. 

The results of the structural analysis of Nod metabolites of 
the nod mutant show that of the R.leguminosarum nod genes only 
the nodABC genes are required to produce a basic lipo-oligosac­
charide structure. The nodFEL genes are required to produce Nod 
metabolites with a different N-acyl chain and an additional 0-
acetyl substituent. Based on the similarities between all Nod 
metabolites known, a nomenclature (Fig. 2) is further on used 
which is also being used now for the R.meliloti signal compounds 
(J. Dénarié and J.C.Promé, personal communication). 
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OXYGEN REGUIATION OF SYMBIOTIC NITROGEN FIXATION IN 
RHIZOBIUM 

M. DAVID and P. BOISfARD. 
Laboratoire de Biologie Moléculaire des Relations Plantes Microorganismes, CNRS­
INRA, Centre INRA de TOULOUSE, BP 27- 31326 CASTANET-TOLOSAN, 
FRANCE. Fax number: 61-28-50-61. 

Together with ammonia assimilation and / or nitrate reduction, symbiotic 
nitrogen fixation constitutes one of the maJor routes of entry of nitrogen into the 
metabolic pathways of Leguminosae plants which have developed symbiotic relationships 
with the nitrogen-fixing prokaryotes Rhizobium, Bradyrhizobiwn and Azorhizobium. 
These symbiotic associations result in the development of root ( or exceptionally stem) 
nodules. In infected cells, differentiated bacteria. called bacteroids, syntheUze the 
nitrogenase enzyme, which reduces molecular nitrogen into ammonia. Nodule formation 
is under the genetic control of both the plant and the bacteria (Long, 1989). 

Oxygen concentration is a key regulatory factor in the establishment of a nitrogen­
fixing nodule. Recent results have enabled us to understand to what extent the oxygen 
concentration regulates the 'expression or activity of the bacteria! genes whose products 
are needed for symbiotic nitrogen fixation. 

l. Nodule anatomy and leghemoglobin control oxygen supply to the bacteroids: 

The histology of a mature nodule distinguishes a central tissue including invaded 
cells, delimited laterally by peripheral tissues such as the vascular bundles and the 
nodule endodermis. The outer cortex surrounds the nodule. The endoderrnis and the 
inner cortex constitute the major barriers to oxygen diffusion (Witty et al., 1986). 

Leghemoglobin (Lb) is a hemoprotein found in the cytoplasm of infected cells 
(VandenBosh and Newcornb, 1988), where it facilitates the diffusion of oxygen to 
respiring bacteroids (Appleby, 1984). The ferrous Lb exhibits a very high affinity for 
oxygen. The biological function of Lb could be to allow a fast supply of oxygen for the 
bacteroids respiratory chains and to rnaintain a low oxygen concentration around the 
bacteroids, preventing oxygen damage for the enzyme nitrogenase which is irreversibly 
inactivated by o:icrgen. Therefore both the nodule architecture and leghernoglobin 
participate in making the symbiotic environrnent rnicroaerobic. 

2. Oxy~en concentration re~lates nitrogen fixation genes exnression and activity in 
Rhizobzum meliloti; • 

R. meliloti fixes nitrogen only in symbiotic conditions. The most characterized 
nitrogen fixation genes in R. meliloti are clustered in two groups on the symbiotic 
megaplasrnid pSyrn. 

The first nif-fix gene cluster comprises the nifHDK structural genes for the 
polypeptide suburnts of the nitrogenase complex, nifE, N and B required for the 
synthesis and processing of the iron molybdenum cofactor (FeMoCo) and fixABCX 
which are thought to code for factors involved in nitrogenase specific electron transport 
(Long, 1989). Symbiotic expression of these genes is activated by the regulatory protein 
NifA (Szeto et al., 1984). Both nifA expression and NifA activity is regulated by oxygen 
(Ditta et al, 1987; Fisher et al., 1988) . NifA oxy~en sensitivity is probably related to a 
NifA domain which carries cysteine residues, wh1ch could be involved in redox activity 
or metal binding or both . 

A second fix gene cluster has been identified in R. meliloti. This cluster comprises 
four operons: fixLJ, fixK, fixNOQP and fixGHIS (David et al, 1988: Batut et al, 1989; 
Daveran, 1988; Kahn et al, 1989). fix U and fixK are regulatory genes (see below). 
fixGHIS and fi!NOQP gene products are thought to be membrane located . FixG has 
homologies with bacteria! ferredoxins. (Kahn et al, 1988). FixP has homologies with c­
cytochrornes. Since fi,x.N exeression is induced under free-living rnicroaerobic conditions 
and symbiotic conditions (David et tú., 1988), this raises the possibility that fixNOQP 
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encodes cornponents of a respiratory chain which allows efficient respiration under 
microaerobic conditions (Daveran. 1988). It is known that the differentiation frorn free­
living bacteria to bacteroids leads to a variation in cytochrome pattern (Appleby, 1984). 

In contrast to the first nif-fix gene cluster, the fixN operan expression <loes not 
require the transcriptional activator NifA (David et al, 1988), but instead requires the 
product of fix.K. Fix.K positively regulates fixN expression and negatively regulates its 
own expression and nifA expression. Fixl( bears extensive homology with two E. coli 
transcnptional activators Crp and Fnr which re~late catabolic genes and genes coding 
for anaerobic electron transport chains, respect1vely (Batut et aL, 1989). Although FixK 
and Fnr are closely related proteins, Fix.K lacks the Fnr N-terminal domain, which is 
likely involved in Fnr oxygen sensitivity (Trageser and Unden, 1989). This suggests that 
FixK is not involved in º:o/gen sensitivity m R meliloti. 

In the free-living d1azotroph K pneumoniae, nitrogen fixation genes are activated 
by the nifA gene product. nifA expression is regulated principally by the nitrogen status 
of the cell and depends of the NtrB/NtrC regulatory proteins (Gussin et aL, 1986). In 
contrast, symbiotic nitrogen fixation is unaffected in R meliloti ntrC mutants (Szeto et al, 
1987). lnstead in R meliloti, it has been shown that the expression of nifA and jixK is 
activated ex planta in rnicroaerobiosis (Ditta et aL, 1987; Batut et al. 1989). 
Consequently, oxygen concentration appears to be the rnajor physiological trigger of 
syrnbiotic nitrogen fixation gene expression in R meliloti. 

3. FixL is an oxygen sensor protein which regulates R meliloti nifA and fixK genes 
ewression by the transcriptional activator FixJ: 

In R meliloti, syrnbiotic and rnicroaerobic expression of nifA and fixK is activated 
by a pair of regulatory proteins, FixL and FixJ (David et aL, 1988; Batut et al, 1989), 
which belong to a farnily of two cornponent regulatory systerns (Stock et al, 1989). In 
agreement with the proposed regulatory rnechanisrn of these systerns, it was predicted 
that FixL transduces environrnental signal(s) to the FixJ transcriptional activator by 
reversible phosphorylation of FixJ, which rnodulates its activity. 

FixJ has been shown to be a transcriptional activator of nifA and fixK (Hertig et 
aL, 1989). FixL is an oxygen sensor which rnodulates FixJ activity in response to the 
oxygen leve\ (de Philip et aL, 1990). More recently, it was shown that FixL is a 
hernoprotein which catalyzes its own phosphorylation and is a FixJ kinase (Gilles­
Gonzalez et aL, 1991~ A rnodel proposes that FixL senses oxygen through its heme 
rnoiety and transduces this signal by controlling the phosphorylation of FixJ. 

Nitrogen fixation genes of R meliloti are thus activated by a cascarle regulatory 
pathway in response to oxygen concentration. Nodule rnorphogenesis, which lirnits 
oxygen concentation in the invaded zone, can be viewed as generating a signal which 
allows the building up of the nitrogen fixing apparatus of the bacteroids to be integrated 
with the developmental programrne of the nodule. 

4. Oxygen and symbiotic nitrogen fixation in R lewminosamm Bra4yrhjzobium 
jaoonjcum and Azorhjzobium cau/jnodans 

In other Rhizobium species than R meliloti and in species of the genera Bradyrhizobium 
and Azorhizobium , available evidences suggest that the regulatory mecharusms which 
connect nitrogen fixation gene expression to oxygen concentration rnight be diverse. 

Two results suggest that at least sorne genetic deterrninants are conserved 
between R meliloti and R leguminosarum Microaerobic induction of the hydrogen­
uptake genes hupVand hupVI of R leguminosarum requires the presence of functional 
fixLJ andjixK at least in R meliloti (Palacios et al, 1990). Elsewhere, in R meliloti, the R 
leguminosarum gene fnrN is capable of prornoting rnicroaerobic and syrnbiotic induction 
of the fixN gene independently of fixLJ ( Colonna-Rornano et al., 1990). FnrN is very 
similar to Fnr and carries the Fnr N-terrninal domain essential for the oxygen regulated 
activity of Fnr. FnrN could be an oxygen sensor protein in R leguminosarum. 
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In B. japonicum, expression of nitrogen fixation genes occurs during symbiosis in 
root nodules or in free-livmg cells under microaerobiosis. Three regulatory elements are 
involved in oxygen control at different levels. 1). The positive regulatory protein NifA . 
NifA activity is regulated by oxygen and under microaerobiosis, NifA positively 
autoregulates its own promoter and binds to the nifH promoter in the presence of metal 
ions. 2). fixl.J like genes are present in B. japonicum. They are not involved in nifA 
regulation, but in the regulation of other fix genes probably involved in anaerobiosis 
respiration (Anthamathen and Hennecke, 1991). 3). Two functional genes (rpoNl, 
rpoN2) encocle for NtrA rpoNl expression is oxygen regulated via a mecl:íanism 
involvmgfixl.J. The two last points represent clear differences with R meliloti (Fisher et 
al., 1991). 

Interestingly A caulinodans nif gene expression is controlled both by nitrogen 
availability as well as by oxygen ( Ratet et al., 1989) ). fixlJ genes were caracterized in 
A. caulinodans ( Kaminsky and Elmerich, 1991) ), and are structurally very similar to R 
meliloti fixlJ genes. A. caulinodans fixlJ genes are essential for nifA expression. fixlJ 
mutants are essentially defective in nitrogen fixation ex planta and in planta. 
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The Use of Lambda Expression Libraries and pLAFRl Libraries to 
Isolate Genes for the Citric Acid Cycle Enzymes from 
Bradyrhizobium japonicum. 

Dave W. Emerich. University of Missouri, Colombia,MO. USA. 

Severa! lines of evidence support the relationship between 
symbiotig nitrogen fixation and organic acid metabolism: (i) 
organic acid metabolism stimulates ex planta nitrogen fixation 
better than all compounds tested, (ii) organic acids are actively 
transported by the peri-bacteroid membranes and (iii) mutants 
defective in organic acid uptake or metabolism produce nodules 
with reduced nitrogen fixation activity. 

Our primary objective was to isolate and sequence the gene 
for malate dehydrogenase from Bradyrhizobium japonicum. The 
initial attempt to generate mutants lacking malate dehydrogenase 
and to complement them from a pLAFRl library. Presumptive mutants 
defective in malate utilization were obtained after ampicillin­
selection for spontaneous mutations, or ultra-violet mutagenesis, 
and after Tn5 mutagenesis. The majority of these is o lates 
regained the ability to grow on malata after subculturing. l\ 

curcory investigation of these mutants indicated sorne were 
apparently compensating for the apparent mutation in malate 
dehydrogenase by expressing malic enzyme, phosphoenolpyruvate 
synthetase and phosphoenolpyruvate carboxylase to form 
oxaloacetate independent of malate dehydrogenase. 

Rather than attempt to sort out the myriad ef fects we had 
witnessed, we decided to first isolate the gene by other methods 
and then construct defined mutations. A recombinant B, japonicum 
genomic DNA library was constructed in the fusion prü"tein vector 
Lambda gtll. Polyclonal antibodies to purified B. japonicum 
malate dehydrogenase were generated and characterized for their 
use as probes for screening recombinant expression libraries. The 
carboxy-terminal portien of the malate dehydrogenase gene was 
isolated from the Lambda gtll library and was used as a probe 
to screen the cosmid libraries of B.japonicum. A cosmid clone was 
solated which hybridized to the probe and was shown to contain 
a 26 kbp insert. Us ing Southern blot analysis of restrction 
digests of this insert, a 3. 5 kbp Smal fragment was isolated 
which hybridised to the probe. The DNA sequence of the gene was 
determined from both strands and confirmation that the structural 
gene for malate dehydrogenase had been isolated was obtained by 
the complete agreement between the deduced amino terminus of the 
translated sequence and that determined from sequencing the 
purified protein. Examination of the DNA sequence downstream of 
the malate dehydrogenase gene revealed coding regions which when 
translated exhibited homology to the subunits of succinyl-CoA 
synthetase and the dehydrogenase subunit of alpha-ketoglutarate 
dehydrogenase. These structural genes are all preceded by typical 
-24/-12 promoters. In addition, the malate dehydrogenase gene is 
preceded by a prometer of the hemA type. Two sets of inverted 
repeats were located upstream ~e malate dehydrogenase gene 
but there was no regían which bore resemblance to the NifA 
upstream activator sequence. 
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Rhizobial genes involved in competitiveness. 

J. Olivares. 

Estación Experimental del Zaidín. CSIC. Granada. 

The manipulation of symbiotic nitrogen fixation to increase 

the productivity of legumes is not easy . Among all the posibi­

lities we can succesfully act on the competitiveness and the 

effic i ency of the process apart from the obtention of strains 

resistant to phytochemicals and agresive environmental r.ondi­

tions. 

The inoculation with superior strains of root nodule 

bacteria to improve legume productivity in agricultural fields 

often fails because of the inability of the superior inocula­

tion strains to nodulate in soils with a large population of 

indigenous rhizobia. Therefore competitiveness is one of the 

main limitant factors to improve the symbiotic nitrogen 

fixation by the Rhizobiunrlegume association. 

Several characteristics of the bacteria have been related 

to the competitiveness, such as speed of nodulation, motility, 

different level of attachment, extracellular polysaccharide 

production and effectiveness. However, none of them have showin 

a direct correlation with competitiveness. 

Sorne metabolic properties of the bacteria could be involved 

in this character. For instance, the synthesis and catabolism 

of rhizopines that enable the bacteria to be in better condi­

tions to nodulate than those lacking these abilities. 

In spite of the interest of this characteristic not too much 

information at the level of molecular biology has been repor­

ted. 

Different genes have been reported to be involved more or 

l ess di rect l y in the compet i ti veness. Sorne of them, as GSN 

genes, of genotype specific nodulation, that are those bac­

terial genes that allow nodulation of specific plant phenoty­

pes within a given legume species, are of restricted applica-
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tion. We can show three examples. One belongs to R. legumino­

sarum bv. viciae strain TOM which nodulates Afghanistan pea 

that is not nodulated by european bacterial strains. nodX gene 

has been found as responsible of this particular ability. no7A 

gene from B. japonicum strain USDA 110, determines the nodula­

tion of restricting genotypes of soya. Another GSN like-locus 

has been reported in R. fredii strain USDA 257, that allows the 

nodulation of only unimproved cultivars of soya. Tn5 mutants 

of this bacterial strain nodulated cultivars released by plant 

breeders. 

Other genes as tfx and nfe genes are more directly involved 

in competitiveness. The first genes determine the biosynthesis 

of trifolitoxin, a bacteriocin of R. leguminosarum bv. trifo­

lii strain T24. It was found that this strain was highly 

competitive for nodulation when coinoculated with a bacterio­

cin-sensitive strain. Other examples could be presented. 

nfe genes, of nodule formation efficiency, are present in 

R. me7i7oti strain GR4. These genes provide this strain a high 

competitive character. These genes, that can be transferred to 

other strains, are expressed under microaerobic conditions 

since they are NifA dependent. These genes could be of great 

interest from the applied point of view. 
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MOLECULAR BIOLOGY OF THE HYDROGEN UPTAKE HYDROGENASE FROM 
Rhizobium leguminosarum 

T Ruiz-Argüeso, E Hidalgo, L Rey, J Murillo, and JM Palacios 
Departamento de Microbiologla, ETS de Ingenieros 
Agrónomos, Universidad Politécnica , 28040-Madrid. 

Sorne strains of Rhizobium and Bradvrhizobium induce in 
legume nodules the synthesis of a H2-uptake (Hup) enzyme 
system that recycles the H2 generated by nitrogenase during 
the nitrogen fixation procesa. In the Jh.. iaponicum 
symbiosis, this hup system has been shown to save energy and 
provide other biological advantages as well (1). The first 
component of the hup system is a membrane-bound, [NiFe) 
hydrogenase which contains two polypeptide subunits of 
about 35 and 65 kD (1). The genetic determinante (hup genes) 
for the structural subunits of the hydrogenase of Jh.. 
iaponicum lie in a cluster of hup-apecif ic DNA spanning a 
region of about 16 kb of the chromosome (2). Hydrogenaae 
positiva strains of ~ leguminosarum contain DNA homologous 
to Jh.. iaponicum hup genes. Baaed on this homology, a 
recombinant cosmid (pAL618) containing the entire set of hup 
genes required far H2-uptake in pea nodules was isolated 
from a pLAFRl gene library of ~ lequminosarum strain 128C53 
( 3) • 
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Fig.1: Gene organization of the Rhizobium leguminoearum hl:!l2. operon 
containing the hydrogenase structural genes. The horizontal black bars 
show the location of the transcriptional units in pAL618 as defined by 
site-directed transpoeon mutageneeia and complementation analyeie. The 
positione of the TnS ineertione in the mutante were determined by 
sequencing and are indicated by vertical arrows. The encircled +/- over 
the arrows indicate the Hup phenotype aseociated with each mutant. The 
open arrowed boxee indicate the position and orientation of the ORFs 
identified in the sequence. The table below the ORFs shows the number of 
aa and the molecular weight far the predicted products and the molecular 
weight of the peptides detected in E.col! cells from translation of the 
ORFs with a T7 prometer/ RNA-polymerase system. 
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The organization of R.:.. leguminosarum hup gene cluster in 
the 20 kb DNA insert of pAL618 was investigated by site­
directed transposon mutagenesis and complementation analysis 
(4) . The hup genes were found to span over 15 kb and to be 
organized in six transcriptional units designated hupI to 
hupVI (Fig 1) (4). By constructing hup-lacZ fusiona, we have 
shown that none of the hup transcriptional units is 
induced in aerobically grown free-living cells of R.:.. 
leguminosarum, but transcriptional units hupV and hupVI are 
activated in vegetative cells in response to microaerobi c 
ca ndi tions ( 5 ) . 

In a rder to identify the hup genes in t he R.:.. 
legurninosarum hup cluster , we have sequenced a 15 kb 
f r a gment of the pAL618 DNA insert . Five genes were found i n 
the DNA corresponding to the transcriptional unit hupI/II 
(Fig 1 ) . Trans poson TnS insertions within these genes were 
a s socia ted with total ar partial reduction of the hydr ogen 
uptake activity observed in the wild-type strain. The five 
genes belong to a single operan which is transcribed from 
a n NtrA-dependent promoter. The two first genes of this 
operon code far the small (hupS) and large (hupL) subunits 
of the R.:.. leguminosarum hydrogenase (6) . Sequence homology 
da ta suggested that the other three genes (ORF13, ORF1 4 , 
ORF15) code for proteins of a membrane protein complex 
involved in transferring electrons from hydrogenase to 
ubiquinone in the electron transport chain . 

Ten other genes were identified in the DNA corresponding 
to transcriptional units hupIII, hupIV, hupV and hupVI (see 
abstract by L. Rey et al in this meeting). The exact 
functions of these genes are not known yet. However , all of 
t hem seem to be required far the synthesis of an active 
hydrogenase. The gene products from operons hupV and hupVI 
had homology to components of the hYP. operon of Escherichia 
coli (7), which is required for the synthesis of the three 
hydrogenase isoenzymes of this bacteria, and may be 
involved in incorporation of metals (Ni, Se) or metal 
clusters (Fe-S) into the hydrogenase. 
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ROOT NODULE FORMATION: A SYSTEM TO STUDY PLANT 
DEVELOPMENT 

Ton Bisseling, Department of Molecular Biology, Agricultura! University, Dreijenlaan 3, 
6703 HA Wageningen, The Netherlands 

INTRODUCTION 

Legume root nodule formation is induced by bacteria of the genera Rhizobium, 
Bradyrhizobium or Azorhizobium. A particular bacterium species is able to interact with 
one ora limited number of legume species. Rhizobia attach to the roots of their host and 
cause a characteristic curling of the host's root hairs. The rhizobia then invade the plant 
by way of a newly formed tube called the infection thread. Meanwhile, cells in the root 
cortex start to divide and form the nodule primordium. lnfection threads enter individual 
primordium cells, and bacteria are released from the infection thread into the cytoplasm of 
the target cell. Bacteria then differentiate into their endosymbiotic forms named 
bacteroids, and begin to fix nitrogen by the action of the enzyme nitrogenase, a process 
that is assisted by the morphology and physiology of the root nodule. Ammonia is 
transported from the bacteroids to the plant cytoplasm, where it is assimilated and then 
transported to other parts of the plant 
Our research program especially concentrates on the developmental aspects of root nodule 
formation and the molecular interactions that guide this development 

Plant nodulin genes 

The plant proteins that are specifically formed during the formation and functioning of a 
root nodule are called nodulins. The nodulin genes have been operationally defined as 
early and late nodulin genes according to the timing of their expression during nodule 
development 
The late nodulin genes comprise a large group of genes that are expressed around the 
onset of nitrogen fixation. Late nodulins aid in the function of a root nodule by creating 
the physiological conditions required within the nodule for nitrogen fixation, ammonium 
assimilation, and transport. Among the identified late nodulins are the leghemoglobins, 
uricase, and subunits of sucrose synthase and glutamine synthetase. In terms of 
development, late nodulins are truly late, because the full nodule structure with ali its 
defining characteristics has developed before late nodulin gene expression become 
detectable. Relatively few nodulin genes have been identified that are expressed in the 
developing root nodule well before the onset of nitrogen fixation, these are the early 
nodulin genes. 
We have isolated 2 early nodulin cDNA clones encoding proteins involved in the 
infection process, pPsENOD5 and pPsENOD2 (4, 5). Both proteins are proline rich. 
ENOD12 is composed of two repeating pentapeptides containing two pro residues each, 
whereas ENOD5 might be an arabinogalactan like protein. The ENOD2 early nodulin (6) 
has a similar structure as ENODl2, but this gene is specifically expressed in the nodule 
parenchyrna. In addition to these proline rich early nodulins we isolated cDNA clones of 
two early nodulin ENOD3 and ENOD14 (5), that are not proline rich. The ENOD3 and 
ENOD14 early nodulins are about 60% homologous. This are small peptides of about 6 
kDa containing 4 cysteine residues, with a spatial distribution indicating that it are metal 
binding proteins. 

Rhizobium nod-genes 

The rhizobial genes required for nodule formation and nodulin gene expression include 
the nodulation (nod) genes, severa! :rroups of genes concerned with the structure of the 
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outer surface of the bacterium (the exo, lps, and ndv genes), and a number of less well 
defined genes. Fomial proof for the involvement in the induction of the expression of 
early ncxlulin genes has only been demonstrated for the nod genes. U pon transfer of the 
nod gene region, the recipient non-nodulating Agrobaccerium gained the ability to 
ncxlulate. The nod gene prcxlucts, therefore, are the most likely candidatcs to be signals 
eliciting ncxlule development. 
The nod genes fall in three classes, common, host-specific, and nodD. The common nod 
genes include, among others, the nodABC genes that are found in ali rhizobial species. 
The common nod genes of different species are structurally very similar and functionally 
interchangeable. Mutations in the nodABC genes abolish completely the ability to 
ncxlulate, which underlines their pivota! role in nodule development. 
The host-specific nod genes determine the specificity of ncxlulation on a particular host. 
U pon mutation of such a nod gene, nodulation is delayed or reduced, or the host range is 
altered. 
The third type of nod genes is nodD , of which is the only nod gene that is constitutively 
expressed in both the free-living and symbiotic states of Rhizobium. In combination with 
flavonoids excreted by plant roots, the NodD protein probably acts as a transcriptional 
activator for ali other nod genes. 
Upon induction of the nad-genes rhizobia secrete Nod factors which are Jipo­
oligosaccharides (1 ). These Nod factors are a ble to induce root hair deformation (1 ), 
cortical cell division (2) and they are also involved in the infection process since they 
induce the expression of the early nodulin genes ENODS and ENOD 12. 
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EXPRESSIOR AHD RBGULATIOB O~ RODOLIRS AHD RODOLIR GBHBS IR Phaseolus 
vulqaris h 

Federico Sánchez, Jaime Padilla, Francisco Campos, Jase Luis 
Ortega, Carolina Carsolio, Mario Rocha, Carmen Quinto, Mario 
Soberon and Miguel Lara. 
Departamento de Biologia Molecular de Plantas, Centro de 
Ingenieria Genética y Biotecnologia. Universidad Nacional 
Autónoma de México. Apdo. Postal 510-3. Cuernavaca Morelos. 
México. 

INTRODUCTIOR 

Legume nodule formation has been divided into three majar 
stages: "preinfection", "infection and nodule formation" and 
"nodule function" (1). Nodulins are plant proteins that 
accumulate specifically or preferentially in nodules. Early 
nodulin genes are detected during the "infection and nodule 
formation" stage (2). Late nodulin gene expression starts at 
about the onset of nitrogen fixation (3). Recently, sorne nodulins 
have been found to be expressed in other parts of the plant 
distinct from the nodule (4,5). 

Late nodulins comprise the best-known nodule-regulated 
proteins (3,6). They include enzymes involved in nitrogen 
assimilation, in carbon metabolism, and in amine and ureide 
biogenesis (7). Proteins located in the peribacteroid membrane 
(PMB) (6) and the leghemoglobins (Lbs) (8) also belong to this 
group. Severa! enzymes involved in these metabolic processes have 
been identified as nodulins (eg. uricase II); others are common 
to severa! organs but show enhanced activity in nodules 
(glutamine sinthetase). 

GLUTAMIHB SYHTHBTASB RBGULATIOR IR Phaseolus vulqaris ROOT­
HODULES. 

Glutamine synthetase (GS) and glutamate synthase (GOGAT) 
activity increse along with nitrogenase activity during nodule 
formation. Both enzymes are responsible fer assimilating the 
ammonia derived from nitrogen fixation (9). We will consider only 
recent data of Glutamine Synthetase in this report. 

Glutamine synthetase in Phaseolus vulgaris root-nodules, is 
expressed as two different isoforms denominated GSn-1 and GSn-2 · 
(10). GSn-1 is expressed during nodule development concomitantly 
with nitrogenase activity (11). The nodule GSn-1 is composed by a 
polypeptide called gamma and the GSn-2 isoform is composed by the 
beta polipeptide, which is expressed also in roots and leaves 
(11). The GS gamma poiypeptide is expressed befare nitrogenase 
activity (12) but its maximal induction requires normal nitrogen 
fixation as reported far other nodulins (13). Expression of the 
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ganuna (gln-ganuna) and beta (gln-beta) GS genes in Lotus 
corniculatus transgenic plants, demostrated that gln-ganuna is 
expressed in the infected zone of the mature nodules where 
anunonia assimilation takes place, and gln-beta is expressed in 
the nodule parenchyrna (cortex) (14). These results strongly 
suggest that GSn-1 (ganuna) is the reponsible far anunonia 
assimilation in bean nodules. Furthermore, in bean plants grown 
in argon (Ar), where nitrogen fixation is reduced, the expression 
of the ganuna polypeptide is inhibited, suggesting that anunonia 
regulates its expression (15). On the other hand, in nodulated 
bean plants grown in an enriched C02 atmosphere (1000 ppm), 
nitrogenase activity increased two to three-fold; a significant 
reduction of the GS-ganuna, but not of the GS-beta polypeptide was 
also observad (Ortega, J.L., et al, Submitted to Plant 
Physiology). Taking these different results together, it seems 
that both high and low nitrogenase activities can be correlated 
with a reduction fo GS-ganuna. These data suggest that the 
carbon/nitrogen balaca within the nodule, and not anunonia 
availability per se, may be the main nodulating factor of GS 
expression. 

NODULIN REGULATION IN COMMON BEAN NODULES INDUCED BY BACTERIAL 
MUTANTS. 

Nodulin expression was evaluated in nodules of conunon bean 
induced by !L._ phaseoli mutants and an Agrobacterium 
transconjugant. Elicited nodules were either "empty" arrestad, 
slow-developed ar ineffective. The expression levels of ENOD2, 
uricase-II, leghemoglobin and nodulin-30 (Npv-30) genes were 
comparad in nodules induced by wild type and mutant strains at 
initial (12 d) and terminal (21 d) developmental stages. 

Uricase-II mRNA (considerad to be a late nodulin) was 
detectad in "empty" nodules produced by three different mutants, 
suggesting the existence of novel regulatory conditions far this 
nodulin during early stages of nodulation. Accumulation of ENOD2 
and uricase-II transcripts were observad in slow-developed but 
not in arrestad nodules. Npv-30 and Lb are only expressed in 
nodules containing infected cells; however, their relativa levels 
differ depending on the nodule-inducing mutant. Ineffective 
strains produced nodules with similar initial development and 
nodulin gene expression, but decreased amounts of late nodulin 
transcripts at the terminal stage (16). The possible signals 
involved in the regulation of these genes will be discussed. 

NODULIN GENE FAMILIES IN BEAN NODULES. 

We have previously reportad that in conunon bean-nodules a 
group of very abundant-nodule transcripts encade far a group of 
30-kD (Npv-30) products (17). Sequence analysis of two cDNAs and 
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a genomic clone revealed high homology with a nodulin gene family 
from soybean. The gene products of this family have two domains 
that are arranged in paired Cys-X7-Cys motifs, resembling zinc­
finger sequences; all products also exhibit a conservad region 
that encades far a putative signa! peptide. These nodulin 
families might have a common function, most likely as metal ion 
carriers in infected cells (Campos, F., et al. 1991 Submitted to 
Plant Mol. Biol.). 
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LECTINS. LECTIN GENES. AND RHIZOBIUM 
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•
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1 Department of Plant Molecular Biology, and 2 RUL/TNO Center for 
Phytotechnology, Leiden University, Nonnensteeg 3, NL-2311 VJ, 
Leiden. The Netherlands 

A. INTRODUCTION 

Lectins are sugar-binding (glyco)proteins other than enzymes or 
antibodies (Barondes 1988) . Sugar-binding is specif ic and 
:::-eversible. E.g . . wheat germ agglutinin (WGA: wheat lectinl. 
binds N-acetyiglucosamine and its oligomers. whereas soybean 
lectin is a galactose/N-acetylgalactosamine-binding protein. 
Because of their unique properties. lectins are useful toois for 
(i) separation and characterization of glycoproteins and other 
g l ycoconjuga~es. (ii) histochemical studies of cells and tissues. 
(iii) typing and fractionation of various types of cells. and 
(ivl description and induction of changes occurring on celi 
surfaces during developmental and pathological processes (Sharon 
and Lis 1990). Plant and animal lectins can be grouped into 
families comprising lectins with corrunon structural properties and 
a significant amino acid sequence identity. Within a family, 
sugar-binding specificities of its members ~ay vary considerably . 
Legume lectins constitute the best-characterized family of 
lectins. 

B. LEGUME LECTiNS 

Leguminous plants (Fabaceae). like pea. be.:i.n and soybean . produce 
a homogeneous group of secretory lectins (Van Driessche 1988) . 
Legume lectins accumulate in protein storage vacuoles in the 
cotyledons. and may c onstitute up to 10% of total seed protein. 
These seed lectins are synthesized during seed development 
together with the more abundant seed storage proteins. Other 
plant tissues usually contain very small amounts of lectin. 
either being present in vacuoles, in cell walls. in intercellular 
spaces. at the root surface or in the rhizosphere (e.g., Vodkin 
and Raikhel 1986. Diaz et al. 1990) . Most legume tissues contain 
o ne lectin or a limited set of near-identical isolectins. For 
sorne legumes however. presence in the same tissue of two or more 
lectins with different sugar-binding specificities has been 
described. Specific lectin ligands from plant tissues have not 
been characterized yet. 

C . STRUCTURE OF LEGUME LECTI NS 

Legume lectins consist of two or four subunits , usually made up 
of single polypeptide chains with a Mw of 25-30 kDa . In Vicieae 
lectins. the two subunits consist of a heavy beta-chain and a 
light alpha-chain. due to additional processing. Each lectin 
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subunit is dome-shaped. and its structure is primarily determined 
by two pleated sheets. The single sugar-binding si te at the top 
of each subunit is mainly composed of parts of loops connecting 
the strands of the pleated sheets (e.g., Derewenda et al. 1989). 
Differences in amino acid composition of these loops are 
correlated with differences in sugar-binding specificity between 
legume lectins. Presence of a calcium (and a manganese) ion in a 
highly conserved site at the top of each subunit is necessary for 
obtaining the required structure of the sugar-binding site. In 
addition to sugar-binding sites, legume lectins contain severa! 
sites or pockets for hydrophobic ligands. 

Most legume lectins are N-glycosylated. However , glycosylation 
is not required for the biological activities of glycoprotein 
lectins (Hoffman and Donaldson 1987). 

C. BIOSYNTHESIS OF LEGUME LECTINS 

A small farnily of genes usually encodes legurne lectins and 
lectin-like proteins. Lectin genes do not contain introns, a 
property shared with genes encoding various storage proteins and 
enzyme inhibitors (e.g., Fisher and Goldberg 1982. Farde et al . 
1985 . Hatt ori and Nakarnura 1989). The genetical basis of lecti n 
bicsynthesis differs between le gumes. In Phaseolus, the seed 
lectin PHA is composed of five isoforms of the polypeptides PHA-E 
and PHA-L in different combinations . These polypeptides are 
encoded by two tandemly linked genes , dlecl and dlec 2. 
respectively (Hoffman and Donaldson 1985). Data on non-seed bean 
lectin [genes) are lacking. In Dolichos . leaf/stem-lectin DB58 
and seed lectin are encoded by separate, hornologous and closely 
linked genes (Harada et al . 1990). whereas in pea. seed and non­
seed lecti n are encoded by the same single gene (Gatehouse et al . 
1987 . Kaminski et al. 1987. De Pater et al . in preparation) . In 
addition to functional genes. a lectin gene family may c ompris e 
pseudo-genes (Karninski et al. 1987). 

The molecular basis of differential expression of lectin genes 
in legume tissues is unclear yet. 

Lect ins are synthesized as a prolectin on the rough 
endoplasmic reticulum. After removal of the leader peptide. the 
protein enters the secretory system of the plant cell . 
Posttranslational modif ications like N-glycosylation or peptide 
cleavage may take place in the Golgi apparatus or in the protein 
storage vacuoles, either before or after folding of the peptide 
chain. A similar biosynthetic pathway has been found for the 
lectin-like alpha-amylase inhibitor frorn bean (Chrispeels and 
Raikhel 1991). 

D. LEGUME LECTINS AND RHIZOBIUM 

Rhizobiurn bacteria induce formation of nitrogen-fixing root 
nodules in roots of legurninous plants . This nodulation is host­
plant-specific, e.g., R. l eguminosarum biovar viciae nodulates 
pea. lentil, and vetch. whereas R . meliloti is the symbiotic 
partner of alfalfa. In étddition to other determinants of 
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specificity. legume root lectin plays a role in specífic 
interactions of rhizobia with its target root cells. In pea, the 
pattern of location of pea lectin (Psll on the root surface 
entirely corresponds with the susceptibility of root epidermal 
cel ls to infection by fil bv viciae bacteria CDiaz et al. 1986). 
Psl molecules enhance the accumulation of infective rhizobia on 
pea root hair tips (Kijne et al. 1988). In addition, Psl is 
probably involved in development of a rhizobial infection site. 
Transformation of white clover (hairyJ roots with the pea lectin 
gene confers upon these roots the ability to be infected (and 
nodulatedJ by fil bv viciae CDiaz et al. 1989). In soybean, 
secreted root lectin increases the proportion of the rhizobial 
population that is capable of efficient nodulation (Halverson and 
Stacey 1986). Both rhizobial lipo-oligosaccharides (Lerouge et 
al. 1990) and extracel lular saccharides (Abe et al. 1984) are 
candidates for representing bioactive lectin l igands. The signal­
transduction pathways in which legume lectins and its rhizobial 
ligands participate are presently unknown . 
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ON THE REGULA TION OF NITRITE ACCUMULATION IN 
LEGUME NODULES 

C. Arrcse-Igor, A. J. Gordon and F. R. Minchin 
AFRC Institute of Grassland and Environmenlal Research, Welsh Plant 
Breeding Station, Aberystwyth, Wales, UK. 

It has long been known that nitrate supply inhibits nitrogen 
fixation in legume nodules. Among severa! hypotheses proposed to 
explain füis inhibition, nitrite, the product of nitrate reduccion, has been 
rcgarded as a good candidate for the causative factor 0f nitrogenase 
activity decline. Although recent reports tend to dismiss a major role of 
nitrite in the ::;hort-term, it is still considered a potential inhibitor of 
nodule metabolism in the medium or long-term. 

By using an extraction medium which nearly supressed enzyme 
activity and a very rapid manipulation of nodules, we found that nitrite 
did not accumulale following nitrate supply during an 8-days time­
course expcriment. Also, longer exposures did not cause any nitrite 
accumulation at significant levels. 

Howevcr, nitrite rapidly built up in these nodules after 
detachement. This process is mediated by oxygen concentration within 
the nodule since, in the presence of pure N1 gas, nitrite acc1:mulation 
was 4-times greater and, conversely, it was prevented by exposure to 
pure 02. Furthennore, nitrite produced in detached nodules under 
atmosphcric conditions was scavenged by tran<;fering these nodules into 
100% oxygen. 

These results probably explain the controversy about nitrite 
formation in nodulcs following nitrate supply. Howcvcr, restriction of 
oxygen availability could lead to nitrite accumulation within nodules. 
The key role of oxygen in inorganic nitrogen metabolism is currently 
under study. 
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MOLECULAR CHARACTERIZATION OF THE MAJOR 
NODULIN-SPECIFIC TRANSCRIPT OF THE PHASEOLUS VULGARIS 

F. Campos , C. Carsolio, M. Rocha-Sosa and F. Sánchez. Dept. 
Plant . Mol. Biol., Centro de Investigación sobre Ingeniería 
Genética y Biotecnología, UNAM, A.P. 510-3, Cuernavaca, Morelos 
62271, MEXICO. 

During the symbiotic interaction between the soil bacteria 
Rhizoboium leguminosarua bv. phaseoli and the roots of the common 
bean (Phaseolus vulgaris), nitrogen-fixing nodules are induced. 
The identification of about 20 nodule-specific host proteins 
(Nodulins) from P. vulgaris has been described. A group of 
abundant nodulin transcripts that encade for proteins in the 30 
kD range were detected by in vitro translation from common bean 
module mRNA, this group of nodulins has been named nodulin-30. 
These nodulins exhibit a peculiar pattern in 2D-PAGE. We haved 
cloned and characterized the gene for one the nodulin-30 
proteins. The nucleotide sequence of a cDNA and corresponding 
genomic clones has been completed. The deduced amino acid 
sequence of this nodulin-30 gene shows homology with the majar 
nodulin gene family from soybean {nodulin-22, nodulin-23, 
nodulin-26B, nodulin-27, nodulin-44). The nodulin-30 contains two 
sequences resembling "Zinc finger" motives, the aminoterminal one 
contains a potential signal peptide sequence and a stretch rich 
in prolines at the carboxiterminus. 
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STUDIES ON MERCURY - TOLERANT RHIZOBIA 

s. Nath, S. Roy, A. Mandal 

Dept. of Biochemistry, Calcutta University, 
35, Ballygunge Circular Road, Calcutta - 700 019 

and 

Jayasri Chaudhuri 

B.K.C. College, 111/2, B.T. Road, 
Calcutta - 700 035, INDIA 

In recent years mercury pollution has become a global 
problem. Agricultura! soil receives Hg-Compounds used as 
fungicides and seed dresser. Soil microflora including the 
nitrogen fixing organisms often develop resistance to these toxic 
chemicals. Many free living N -fixing bacteria play an important 
role in detoxifying mercury and organomercurial pesticides. We 
collected severa! Rhizobial strains from several agricultura! 
farms and screened them for their mercury tolerance. The mercury 
content of the soil samples and the root nodules were also 
determined. Mercury volatilizing capacity of these strains were 
compared with that of sorne free living diazotrophic bacteria. 
Only a few rhizobial strains showed moderate mercury resistance 
properties. This is despite the fact that the soil samples had 
fairly high concentration of mercury compounds. 
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BRADYRHIZOBIUM JAPONICUM Tn S-MUTANTS AFFECTED IN MEMBRANE-BOUND 
NITRATE REDUCTASE ACTIVITY. 

M. Fernández-López, M.J. Delgado and E.J. Bedmar. 
Departmento de Microbiologia, Estación Experimental del Zaidin, 
C.S.I.C. Apartado 419. 18080-Granada. 

Native polyacrylamide gel electrophoresis of membrane 
vesicles from Bradyrhizobium japonicum strain PJ17 cells grown 
microaerobically with nitrate indicated the presence of two bands 
expressing nitrate reductase <NR> activity. The relative 
molecular mass <Mr> of the protein corresponding to each band was 
200 kDa and 160 kDa. 

Mutation of PJ17 cells was done by mating with E. coli 
strain 517.l containing the plasmid pJQ18 which carries Tn 5. 
Mutante were selected by their inability to grow with nitrate as 
the only nitrogen source under microaerobic conditions and they 
were unaffected in the utilization oí either nitrite, ammonium, 
glutamate and hypoxanthine when used as the sole nitrogen source. 
Southern hybridation analysis showed that Tn 5 was present in 
each mutant. They all had a Fix+ phenotype when inoculated on to 
Glycine max. cv. Williams planta. 

Cells of each mutant strain grown aerobically with glutamate 
and further incubated microaerobically in a medium with nitrate 
expressed membrane vesiclebound NR activity. Levels of activity, 
however, were lower, except for mutant GRF6, than that of the 
parental strain PJ17. After incubation, native polyacrylamide 
gels electrophoresis of membrane vesicles from strain PJ17 and 
derivative mutant strains showed that the 200 kDa protein was 
absent in ten out of the twelve mutants analyzed, and that the 
160 kDa protein was missing in the other two mutants. Since any 
of the mutants was able to use nitrate far growth, both the 200 
kDa and the 160 kDa proteins are required for nitrate utilization 
by cells of B. japonicum strain PJ17 cultured under microaerobic 
conditions. 

This work was supported by D.G.I.C.Y.T., grant NQ AGR89-
05641 
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Ca?ffiACTERIZATION OF THE OXYGEN-DIFFUSION BARRIER IN LUPINUS 
~ CV. MOLTOLUPA NODüLES. 

M. Fernández-Pascual, c. Lorenzo, F.R. Minchin, J.F. Witty, 
M. ~. !·:cas and M..R. de Felipe. 
l. ·~ ~ · ~tro ¿¡: Ci.enc .... .:..:. Medioambientales. CSIC. Serrano, 115, 
Dpdo. 28006 Madrid. 
2. IG~R-Welsh Plant Breeding Station. Plas Gogerddan. 
Aberystw~--th. DYFED 23 3EB. (U.K.J 

Nowdays it is generally accepted that nitrate-induced 
decline in nitrogenase activitv in legume nodules is due to an 
increase in the resistance ;f a variable oxygen diffusion 
barrier, with the corr~equent :lecrease in ATP avalaibility 
needed for nitrogenase functioning. The aim of this work was 
to corroborate this h~-pothesis in lupin nodules. 

~upinus albus L. cv. Multolupa seeds were inoculated with 
t~o strains of Bradvrhizobiu.m sp. <Lupinusl differing in their 
cornEJetitiYeness characte::-istics. Plants were grown under 
controlled conditions and 10 and 20 mM KN0 3 was added 2, 4 and 
6 days before hanresting. Charac~eriza~ion of the resistdnce 
to o~ygen diffusion was perfor~ed according to Minchin ~t_al. 
(1989). Oxysen and 5ydrogen ~oncentrations inside the nocules 
were neasured ewploying oicrcelectrodes designed as in ~itty 
et al. (1987). Eistochemical and ÍUJ:lunocytochemical studies of 
nccdle carbchydrated conponents were also carried out. 

Results suggest that, similarly to other plants, nitrate 
increases the resistance to oxygen diffusion in lupin plants. 
However lupins appear ~o be nore resistant si~ce statistically 
significative values are obtained o~ly with a 2-fold nítrate 
concentration and higher exposure times than those needed in 
o~her legu._~es <Minchin el al: 1989). 

The increase in resistance seems te be related to nitrate­
i~duced alterations of the nodule cortex. A characteristic 
feature of lupin nodule cortex is the existe~ce of two or 
three layers of thick-walled cells. The cell walls are 
speciallv tb.ick where surrounding intercellular spaces. 
~itrate -causes the occlusion of these intercellular spaces 
with a electron dense material, whose carbohydrated 
constitution was firstlv evidenced histochemicallv, and then 
imrnunocytochemically identif ied as the glycoprotein decribed 
by VandenBosch et al. (1989). 

The regulatory capacity of the barrier to high external 
oxygen concentrations seeros to be also affected by nitrate 
applicationr as evidenced by studies with microelectrodes. 

Minchin et al. <1989). Planta 180: 46-52 
VandenBosch et al. <1989). EMBO J. 8:335-342. 
Witt~ et al.~7) (1987> J • Exp.-Bot. 1ª_: 1129-1140. 
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EFFECTS OF HERBICIDES ISOPROTURON ANO CLORTOLURON ON 
Rhizobium-LEGUME SYMBIOSIS 

FLORES, M; BARBACHANO, M. Dpt. of Microbiology I, Faculty of 
Biology, UCM. 28040 Madrid, Spain. 

It has been demonstrated by severa! researchs carried 
out during the last years that most of the herbicides may 
exert an inhibitory action on growth and biological activity 
of soil microbial populations. 

In previous investigations we have studied the effects 
of different herbicides on the following parameters of 
Rhizobium-Legume association: 

- Growth of rizobia in axenic culture. 
- Nodulation ability of rizobia pre-treated with herbicide. 
- Nitrogen fixation ability of nodules developed by rizobia 

pre-treated with herbicide. 

The experiments have been performed with different 
groups of herbicides, in doses similar to recommended field 
doses. It has been also assayed both commercial mixtures 
(Trade-marks) and its active ingredients free from 
excipients. Results shown in this work correspond to a pair 
of substituted urea herbicides: Clortoluron and Isoproturon 
on four strains of Rhizobium meliloti. 

The assayed concentrations, 5 and 10 ppm, do not exert 
a significant effect on growth of Rh. meliloti in axenic 
culture. However, when rizobia cultivated in the presence of 
herbicide are washed and then inoculated to alfalfa plants 
(Medicago satival, a significant decrease in the number of 
nodulated plants and number of nodules per plant is observed. 
In the nodules developed, ARA-determined Nitrogen fixation 
decrease significantly with the pre-treatment of 5 ppm of 
both herbicides, while 10 ppm completely inhibit this 
parameter. 

From the results obtained, we may conclude that both 
herbicides affect the symbiosis association by reducing 
rizobia infectivity on legume as well as nodule Nitrogen 
fixation ability. 
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A STUDY OF THE nodD GENE OF Rhizobium leguminosarum bv. phaseoli 
CIAT899 

J. L. Folch, C. Sousa, C. Vargu, and M. Megías 
Departamento de Microbiología y Parasitología, Facultad de Farmacia, 
Universidad de Sevilla. 41012 Sevilla, España. 

1 n our laboratory we have isolated a region of the symbiotic 
plasmid of strain CIAT899 which contains the nod genes. We have 

identified several nod genes by hibridization, including the nodD gene. 
Using a n od D pro be from R. melito ti, we ha ve isolated a 0.6 kb 
fragment which carries nodD and this fragment was clonad into 
plasmid pCR1. This plasmid contains a region of R. leguminosarum 
b v . trifolii AS1051 symbiotic plasmid which is not involved in 
nodulation nor nitrogen fixation. The resulting plasmid pCR3827 

(pCR1 + nodD trom CIAT899) was tested for its ability to extend the 
host range of R. leguminosarum bv. trifolii RS1051 to nodulate bean 

plants. On its normal host (clover) this strain nodulates and fixes 

nitrogen normally, while in bean plants it is only capable of producing 

little, whíte and non-fixing nodules. When the nodD gene of strain 

CIAT899 is torced by recombination ínto the symbíotíc plasmid of 

strain RS1051, the results obtained are similar, with the difference 
that the number of nodules increases considerably. 

In order to further study this phenomena, we have complemented 
strain RS1051 :: nodD with several clones which carry different sets 
of nod genes of strain CIAT899. On the other hand, we have introduced 

the 0.6 kb fragment which carries nodD to a strain baring a Jaez 
fusion to nodA prometer region, so as to look far the ability of this 

nodD gene to induce the nod genes and its interactíon with flavonoid 

compounds. Results of the nodulation tests and the nodA-lacZ 

inductions will be presented. 
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Study of the denitrifying activity in sorne strains of 
free-living Rhizobium meliloti 

García Plazaola. J.I.; González. A.; Hernández. A.; 
Arrese-Igor. C .i l l; Becerril. J M.y Aparicio-Tejo. P .ill . 

Opto Biología Vegetal y Ecología . Universidad del País 
Vasco. Apdo 644. 48080 Bilbao. 

(1) Universidad Pública de Navarra. C/ El Sadar s / n. 
31006 Pamplona. 

The ability to denitrify under low oxygen conditions seems to be a characteristic 
widely distributed between the slow-growing Rhizobia (4), and more scarcely within the 
fast-growing group, except on Rhizobium meliloti where 37 % of the strains that have been 
tested showed denitrifying activity (1 ), but with much lower rates than Bradyrhizobium 
japonicum (6). Both bacteroids and free-living bacteria denitrify (10), being the oxygen the 
main regulatory factor in the system. 

It has been suggested that this ability could enhance the survival under anoxic 
environments and support the anaerobic growth (4,9). lt also could be of great importance as 
a mechanism of nitrite detoxification (3,6), considering the sensitivity of the nitrogenase to 
this anion (7 ,8). 

Nine strains were tested, showing a great variety in the final products and rates of 
denitrification; up to date all the R. meliloti strains tested were complete denitrifyiers (5,6). 
Thus, four reduced nitrate to nitrogen , other four carried out the reduction until nitrous oxide 
and only one, was only able of reducing nitrate to nitrite. For the following experiments the 
strain 102-F-5 l was used because of its good growing conditions and high rates of 
denitrification. 

The desasimilatory NR activity showed to be constitutive and not inducible by the 
presence of nitrate and / or the low oxygen tensions. However, NiR appeared strongly 
inducible by the oxygen concentration, but it seems to require a treshold nitrite leve! to start its 
activity. This mechanism could be assumed as a system of nitrite detoxification (2), 
channeling the electrons of the respiratory chains to this anion (3). This hypothesis explaines 
the transitory increase observed on nitrite concentrations before the appearance of nitrous 
oxide, when the cells were grown microaerobically. So, the rates of denitrification were five 
times higher with nitrite than nitrate but in no case this activity supported anaerobic growth. 

BIBLICXJRAFIA: 

(1) Bourignon, C.(1987). In Ann. Inst. Pasteur/ Microbio!, 138: 449-455 
(2) Bhandari, B. y Nicholas, D.J. (1984) . In Planta, 161 : 81-85 
(3) Casella, G. y col (1988) . In Acta Microbio!, 144: 384-388 
(4) Daniel, R.M. y col (1980). In J. Gen. Microbio!, 120: 517-521 
(5) Daniel, R.M. y col (1982). In J. Gen. Microbio), 128: 517-521 
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EARLY NODULINS OF VIGNA UNGICULATA INDUCED BY RHIZOBIUM SP. 
NGR234. 

A. Krause 
Laboratoire de Biologie Moléculaire des Plants Supérieures 
(LBMPS). Université de Genéve, switzerland. 

Developrnental changes in the synthesis of root-hair proteins were 

followed in the syrnbiosis between the prorniscuous legurne Vigna 

unguiculata and the broad host-range Rhizobiurn sp. NGR234. Cornparison 

of the two-dirnensional electrophoresis patterns of proteins isolated 

frorn root-hairs ino...-ulated with wild-type ar hair-deforrnation rninus 

rnutants rev8aled a series of 12 syrnbiosis-specific proteins, which can 

be divided into two classes. Synthesis of three proteins were repressed 

4 days after inoculation with Rhizobiurn (class I), one of which was 

also a root-hair specific protein. Nine proteins were induced by 

Rhizobiurn 1, 2 ar 4 days after inoculation (class II), of which th;:-~e 

proteins (hadulins 15, 31, and 44 kD) were transiently expressed. Five 

proteins (including hadulins 15 and 31) were first visible 24 h after 

inoculation, while only one of these (hadulin 15) was not induced by R. 

fredii USDA257Sl (Nod+, Fix+ on V. unguiculata). Hadulin 15 rnay 

therefore represent a strain-specific and legurne-specific protein. 

After 2 days, three additional proteins becarne apparent, while another 

(hadulin 44) appeared on day 4. Ali 12 proteins seern to be involved in 

root-hair deforrnation and nodule developrnent. 

To clone genes, which encade the syrnbiosis-specifc proteins identified 

in Vigna unguiculata, a cDNA-libary was constructed frorn rnRNA extracted 

out of root-hairs inoculated with Rhizobiurn sp. NGR234. Root-hairs were 

isolated at the day 1 and 4 after inoculation. Differential screening 

of the libary is just in progress. 
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NITRATE INHIBITOR ON NODULATION CAN BE OVERCOME IN THE 
PRESENCE OF THE ETHYLENE INHIBITOR AMINOETHOXYVINYLGLYCINE 

F. Ligerol, J.M. Cabal, c. Lluchl & J. Olivares2. loept. Biología 
Vegetal, Universidad de Granada, 18071 Granada (Spain); 2Dept. 
Microbiología, Estación Experimental del Zaidín, C.S.I.C. 18008 
Granada (Spain). 

In previous works we reported for the first time both 
inoculation induced ethylene evolution anda positive correlation 
between nitrate in growth medium and ethylene evolved from 
uninoculated and inoccculated alfalfa roots. Negative 
correlation between ethylene evolution and nodulation rates was 
also found (J. Plant Physiol. 1986, 1987). In the present work 
we have studied the effect of ethylene biosynthesis inhibition 
with aminoethoxyvinylglycine (AVG) on nodulation of alfalfa using 
a combination of 4 N03 levels (2.5, 5, 10, and 20 mM) by 4 AVG 
concentrations (O, l, 10, and 20 µM). AVG sharply enhanced the 
nodule formation on alfalfa roots and this effect increased with 
N03 supply. It produced as many as 4.3,2.4,2.3 and 1.5-fold more 
nodules than controls in plants grown on 20, 10, 5, and 2.5 mM 
N03 respectively, by day 19 after inoculation. AVG induced 
ethylene biosynthesis inhibition was studied in 10 mM N03 fed 
plants. The concentration of AVG which induces as many as more 
than 2-fold the number of nodules per plant ( 10 and 20 µM), al so 
inhibited ethylene biosynthesis by 5 to 10-fold (with respect to 
the controls) 48 h. after inoculation and inhibitor addition. 
These results reinforce our hypothesis that N0 3 effect could be 
mediated through phytohormone ethylene. Furthermore this has led 
us to think that endogenous ethylene may be involved in 
autoregulation of nodulation by the plant. AVG increased 
nodulation also results ina slightly but significant (P=0.05) 
increase in acetylene reduction activity, though this did not 
involve a better plant growth. 

Financial support was obtained by grant No. PB87-0869 and 
BT87-0003 from DGICYT. 
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IMMONOLOGICAL AND IMMUNOCYTOCHEMICAL DISTINTION BETWEEN 

BRADYRHIZOBIUM SP"' (LUPINUS} STRAINS IN NODULES OP LUPINUS 

ALBUS. 

M.M. Lucas. Centro de Ciencias Medioa..-nbientales, C.S.I.C. 
Serrano 115 Dpdo. 28006 Madrid. España. 

:~~ aim of this work was to know if the Í1'l!D.unological 

techniq::es enable us to distinguish strains of Bradyrhizobium 

sp. (Lupinus) when they coexist in the legume nodules of Lupinus 

~L. cv Multolupa. 

'T''i.e conventional tecnniqae ~ of fixing in glutaraldehyde and 

embea ... : .. ü;g in Araldite w¿s applied to 30-40 days-fresh nodules 

tissue, a(:cording to Vivo et al. (1989). EL!SA technique showed 

that no cross-reactions were obtained between the strai~s ISLU 

65 and Hig s2 , that were used to inoculate the Lupinus seeds. 

It was possible to di..fferentiate ISLU 65 and Hig 5
2 

strains in 

~uspensions of free-living cells by the specific reaction 

between colloidal gold-goat anti-rabbit IgG and IgGs raised 

against each of the two strains. 

Localization of colloidal gold on the DNA fibrills of the 

ba-:::te:?::oids was observed :::egardless of the strain that e:licited 

the IgG, suggesting that both strains s~are a com.~cn epitope. 

On the bacterial wall the i...mmu:.ogold labelling was very specific 

5 ug / ml IgG was enough to obtain a good i...l!!!nunola.belli r-g. 

Colloidal gold was observed on the inner and outer merabrane of 

the bacterial wall. At the polar region of the bacteroids an 

accumulation of periplasmic substa.nce was prod~ced increasing 

the width of the bacteroid wall. The application of polyc~onal 

IgG obtained against free-living bacteria has allowed the 

immlL~Oidentification of two strains regardless of nodule stage 

of development. No special distribution of the s~rains in the 

nodules was observed when both: strains coexist together. Gold 

particles were not found on subcellular organelles cir membranes 

of plant nature, such as, mitochond:ci.a, nucleus, Golgi apparcttus, 

cell wall and peribacteroid mernbrane. 

Vivo A. , J.M. Andreu, s. de la Viña and M.R. de Felipe. 1989. 
Plant Physiol. 90: 452-457. 
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A FAMILY OF SYMBIOTIC SIGNALS PRODUCED BY RHIZOBIUM SP. NGR-234. 

N.P.J. Price, B. Relic and W.I. Broughton. 
Laboratoire de Biologie Moléculaire des Plantes Supérieures 
(LBMPS). Université de Genéve, Switzerland. 

The initial response of leguminous plants to rhizobial infection is a 

deformation of root hairs, a process which is also induced by sterile 

rhizobial culture filtrates. This response is host specific and has recently 

been shown to be due to secreted signal molecules called Nod-factors, the 

biosynthesis of which is encoded by the rhizobial nod genes. Here we 

report the occurence of two groups of Nod-factors, NodNGRl and NodNGR2, 

that are secreted by broad host range Rhizobium sp. NGR234. Biosynthesis 

of both is Sym plasmid determined and induced by the presence of 

flavones via the transcriptional regulator protein NodDl. Moreover, their 

production is completely abolished by deletion of the common nodABC 

genes. NodNGR2 causes root hair deformations analogous to early rhizobial 

infection on Macroptilium atropurpureum and on Vigna unguiculata, two 

heterologous host plants of NGR234, at concentrations down to 10-uM. 

Chemical and biochemical analysis of NodNGR2 showed that it is a family of 

structurally related compounds all of which contain a common sulphated 

and acetylated penta.saccharide moiety of 13-1,4 linked glucosamine units. 

Their structural diversity arises from the nature of the N-linked acyl 

chain attached to the non-reducing end of the oligosaccharide, and in the 

positioning of 0-acetyl substituents. 
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SEQUENCING ANO ORGANIZATION OF A GENE CLUSTER REQUIRED FOR THE 
SYNTHESIS OF AN ACTIVE HYDROGENASE IN RHIZOBIUM LEGUMINOSARUM. 

b· Rey, ~· Heredia, J.. Murillo, ~· Hidalgo, J.·M· Palacios, y. 
Hernando, y 1_. Ruiz-Argüeso. 
Departamento de Microbiología • ETS de Ingenieros Agrónomos. 
Universidad Politécnica de Madrid. 28040 Madrid. 

The nucleotide sequence of the structural genes for the 
polypeptides of the hydrogenases from different bacteria are now 
known. However besides the structural polypeptides other specific 
gene products are also required for the complete biosynthesis of 
an active hydrogenase. In R· leguminosarwn, the DNA insertad in 
cosmid pAL618 contains the complete set of genes necessary for 
H2-oxidation by pea bacteroids (1). These genes are apparently 
organised in five or six trancriptional units. Unit hupI/II 
contains the structural genes of the g. leguminosarum hydrogenase 
(2). We present here the nucleotide sequence and the gene 
organization of a DNA region comprising transcriptional units 
hupIII, hupIV, hupV and part of hupVI. The analysis of the 
sequence revealed the presence of ten ORFs (Fig 1). These ORFs 
are likely to be coding sequences in the light of the following 
observations: i) All of them are preceded by plausible ribosome 
binding sites and fall within high coding-probability regions; 
ii) TnS insertions within many of these ORFs completely 
supressed the Hup+ phenotype, indicating that their gene products 
are required for H2 uptake; iii) Sorne of the ORFs have been 
expressed in ~. coli cella by the T7 RNA polymerase/promoter 
systern. The molecular weight or the translated polypeptides 
agreed with the size of the corresponding predicted proteins frorn 
the ORFs. 
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Fig.l: Genetical and phyeical map of a gene cluster required far the 
hydrogenase activity in ,!i . leguminosarum. The horizontal black bare show 
the location of the tranecriptional unite in pAL618 as defined by site­
directed traneposon mutageneeia and complementation analysis. The location 
and orientation of the ORFs are shown by open arrowed boxee. The poeition 
of the Tn5 ineertions in the mutante were determined by eequencing and are 
indicated by vertical arrows. The table below the ORFe shows the number of 
aa and molecular weight far the predicted products and the molecular weight 
of the peptides detected en ~· coli cella from the translataion of the ORFs 
with a T7 RNA polymeraee and p1:omoter eystem. 
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When the predicted amino acid sequences f rom the ORFs were 
compared with proteins from data base banJcs (EMBL, Swissprot), 
significant similarities were found far soma of the ORFs. Most 
predicted gene products from operan hupV and hupVI had homology 
to proteins from the h:lll operan (3), which is necessary far the 
activity of the three hydrogenase isoenzymes of ,g. coli, and to 
gene products from a gene cluster of Rhodobacter capsulatus 
involved in H2 oxidation (4). The predicted product of the ORF52 
is unusual in having the motif CxxCxC in the amino terminus 
followed by a histidine-rich strecht of 40 amino acids. These 
motives may be involved in metal binding. ORF52 protein had 
homology to the h:lllB gene product wich has a role in nickel 
metabolism in E_. coli. The deduced amino acid sequence of ORF53 
presents two cystein-rich, zinc finger-like motives that 
resembles the regulatory rnotif present in the amino terminus of 
protein kinases C from Drosophila (5) and rnanunalian and the 
Cys/Cys motives of different zinc finger proteins (6). The 
physiological role of this motif, if any, and the function of 
ORF53 protein are unknown. 

In sununary, besides 
hydrogenase, at least ten 
oxidation in E.· leguminosarum 
these genes remain unknown. 
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RHIZOBIUM TRIFOLll GENES INVOLVED IN SURFACE 
POLYSACCHARIDES ANO NODULE DEVELOPMENT. 

C. Coronado, B. Sánchez. J. C: Cabeza and A. l. Palomares. 
Dpt. Microbiology. F. Pharmacy. University of Seville. Seville 41012. 
Spain. 

The Rhizobium suñace has been soposscd to be involved in 
adhesion to the root hair surfacc, determination of host range and 
nodulation. A firm relation betwcen the Rhizobium . surface and the 
development of a nitrogen-fixing root nodule was established by 
the isolation of mutants that fail to produce extracellular 
polysaccbaride and form a developmcntally disturbed nodule. Like 
other Gram-negative bacteria, Rhizobium has an outer membrane, 
tightly associate with it are the lipopolysaccharides (LPS) and more 
loosly bound are che extracellular polysaccharides (EPS). The 
various surface polysaccharides are a complex mixture of difforent 
oligomers and polymers, every one of which may be of impor~nc.e 

in the symbiosis. 
Several genetic locí for Rhizobium surface determinanls have. 

bee:n ídentified and the ·genes are being characterized. as detailed as 
nif, ¡u or nod genes. Loci affecting acidic EPS ha.ve bcen identified 
in R. m~lilotÍ. Strains mutated in seven loci exoA through exoF fail 
to produce a particular acidic EPS. The exoC mutant also lacks cyclic 
glucan. A mutation in the locus exoH resulted in a strain that 
produces a slighth modified acidic EPS in which the succinyl 
modification are absent. The nodules induced by exoH mutant have 
infection threads but bacteria! release is rarely observed. In · 
addition to exo loci, two ndv loci, ndvA and ndvB have been 
identifíed in R. me/iloti. These genes are homologous to and 
functionally intcrchangeable with the chromosomal virulence genes 
chv of A. tumefacien,t. R. meliloú ndv mutants induce nodules with 
a morphology similar to that of the exo mutants. In contrast to R. 
melilotl exo mutants, these mutants are not affected in the syntesis 
of acidic EPS but tbey are defective in the biosynthesis of cyclic 
glucan, just as the Agrobacterium chv mutants. 

Surface componcnts like LPS have been showo to affcct 
nodule development by isolation of mutants that produce an altered 
LPS and form nodules with a characteristic aberration. in 
development. These nodules contain infection threads bacteria 
however the infecction threads develop abnormal and abort. 

R. trifolii RS800 recombinant cosmids pCCl 1 and pCC7 l were 
isolated on basis of structural and functional homology to the 11 d v 

genes. 8 Kb Eco RV fragment of pCC71 that strongly hybridize with 
ndvB probe was subcloned in pRK293. This plasmid (pCC7 l 8) was 
mutagenized by cloning tht: Kanamicine catridge into the X h o I 
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internal site of the ndvB region. Using the marker exchange 
technique wc have obtained one ndvB mutant, CARl. This mutant is 
able to nodulate and fi )(. nitro gen but nodules are differeot from the 
nodules that elecit RS800. This was confirmed by microscopy. CARl 
shows no differences in the production of beta 1,2 glucano in 
relation to wild typc. CAR l grows more slowly than the wild type 
and exhibit tendency to precipitate in liquid culture, phenotype 
similar to LPS mutants. CARI shows no differences in the motility in 
relation to RS800. Studies directed to investigate possible alteration 
in this surfacc component are being carried out. 

In contrast to R. meliloti which fluoresce a brigth blue-green 
colour on plates containing the fluorescent brightner Calcofluor 
when exposed to UV ligth, R. trifolii exhibit a dark phenotype on 
these media. A different structure and composition of each 
exopolysaccharide could explain this different behavior. Two 
strategies were performed to isolate recombinant cosmids 
containing exo-specific sequenccs from a R. trifolii RS800 gene bank: 
Complementation of calcof1uor-dark phenotype R. meliloti exo 

mutants and complementation of its Fix - phenotype. Recombinant 
cosmids coming from each procedure were characterized physically 
and hybridized wíth R. meliloti exo probes to identify the fragment 
containing R. trifolii exo loci. To demostrate genomic localiz:ation of 
exo homologues plasmids DNA of R. rrifolii RS800 were separated by 
agarosa gel electrphoresís and hybridized with R . meliloti exo 

probes. Our results suggest that R. trifolii RS800 harbour 
chromosomal and plasmi<lic exo information . We have detected 
hybridization in a R. rrif olii plasmid different to symbiotic plasmid. 
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Identification and genetic analysis of an fnr-like gene in Rhizobium 

leguminosarum bv . viciae involved in regulation of nitrogen fixation 

genes 

Andreas Schlüter, Thomas Patschkowski, Dusan Zivadinovic , Alfred 

Pühler and Ursula Priefer 

University of Bielefeld 

Recently an fnr- like gene, designated fnrN, ~as found in Rhizobium 

legumir..osarum bv. v iciae ( S . Gclunna-Romauo e t al. 1990). 

The FnrN protein shows structural homology to Rhizobium meliloti FixK 

(J. Batut et al . 1989) and Fnr, the transcriptional regulator of 

anaerobic respiration in Escherichia coli (S. Spiro and J .R. Guest 

1990). 

FnrN is able to restore induction of the fixN operon and nitrogen 

fixation ability in an R .meliloti fixK ·mutant . Furthermore fnrN 

complements an E . coli fnr mutant for anaerobic respiration with 

ni trate . 

Analysis of the expression of fnrN-lacZ fusions revealed that the fnrN 

gene like the R.meliloti f ixK gene is only induced under microaerobic 

conditions. In the fnrN promoter region two sequence motifs were found 

that show significant homology to the consensus sequence of Fnr­

binding-sites (also called anaerobox). Deletion of the distal 

anaerobox showed that it is absolutely required for fnrN expression. 

The fnrN gene is not expressed in an R. leguminosarum fnrN mutant . 

This result indica tes that fnrN expression is positively 

autoregulated. In R .meliloti the FnrN protein can be replaced by 

R .meliloti FixK in activating fnrN expression. 

Insertion of a constitutive promoter in front of fnrN does not affect 

microaerobic induction of the target gene fixN , demonstrating that in 

contrast to R .meliloti FixK the R . leguminosarum FnrN protein is only 

active under low oxygen conditions . 

Despite the fact that there is a putative anaerobox in the fixC coding 

region ups tream of the R . leguminosarum nifA gene, FnrN apparantly is 

not involved in modulating nifA expression. 
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SALINITY EFFECT ON NITROGENASE ACTIVITY IN LEGUME NODULES 

R. Serrajl, H. Vasquez-Diaz2 and J.J. Drevon3 

1. Laboratoire de Physiologie Végétale, Faculté des Sciences, 
BP.S. 15 Marrakech.Maroc. 2. Estacion La Renee, Instituto de 
Suelos, APT 8022 Ciudad de la Habana, Cuba. 3 Laboratoire de 
Recherche sur les Symbiotes des racines, INRA, place viala, 
34060 Montpellier, France. 

The effect of sodium chloride salinity (100 mM NaCl) was 
tested on four cultivars of Phaseolus vulgaris inoculated by 
Rhizobium phaseoli CIAT 899. Experiments were conducted in a 
growth chamber on 30 day-old-nodulated plants. 

Nitrogenase activity estimated by acetylene reducting 
activity (ARA) was strongly inhibited by salt. The decrease of 
nitrogenase activity was observed in the first hour after salt 
application. This inhibition has been observed in soybean and 
alfalfa nodules. 

The influence of partial oxygen pressure 
ni trogenase act i vi ty was measured in the pres ene e 
absence of NaCl, the ARA was stimulated by increasing 
incubation medium. Although the stimulation of ARA 
higher in the presence that in the absence of NaCl. 
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These results suggest a direct and rapid effect of osmotic 
stress on nodular nitrogenase activity and the involvement of the 
oxygen resistance in the inhibition of nitrogenase activity by 
salini ty. 

Fundación Juan March (Madrid)



Local izatlon 

extracellular 

61 

of genes lmplied 
polisacarldes. 

M. Ternero. M J Romero y M. Megías. 

In syntesis of 

Departamento de Microbiología y Parasitología. Facultad de Farmacia. 
Universidad de Sevilla. 41012-Sevilla . 

Bacteria of the genus Rhizobium produce an acidic exopolisaccharide 

required far the invasion of the nodule and possibly for its development. 

In R. mefiloti 1021 there have been identified 13 exo genes whch are in 

the second megaplasmid, they are involvad in the syntesis of the 
exopolysaccharide and when mutated produce loss of the capacity for 
nitrogen fíxation. Far the location of the genes involved we used mi.:tants 
of R. feguminosarum bv. phaseoli CIAT899, which present alterations on 
the production of EPS and in its simbiotic characteristics. 
1. Complementation of mutants with plasmlds which bare exo 
genes of R. melíloti 1021 (pD2, pD5, pD15, pD34) . The 

complementation of these mutants was acomplished by a triparental 

conjugation with the R. meliloti plasmids and selecting the 
transconjugants by testing plants (Phaseo/us vufgaris cv. Negro Jamapa). 

From the nodules which were fixing nitrogen we proceded to isolate and 

check tha complementing plasmids. 
2. lsolation of the cosmids of CIAT899 by complementation of 
the mutants in plants. Far the complementation of the mutants with 
cosmids from the gene library of R. leguminosarum bv. phaseoli CIAT899, 
we proceded to inoculate all the conjugation mass in bean plants. From 
the fixing nodules appeared we isolated bacteria which had tne 
complementing cosmids . Then we checked the antibiotic res;stances and 

transformed them into E. coli. Finally, these cosmids have been mapped 

using ditterent restriction andonucleases. 
3. Fine location of the region which complement of the isolated 

cosmlds. Far the analysis of these cosmids we made deletions by 

digesting partially with restriction endonucleases. Afterwords the 

delatad cosmids were testad in plants. From the nitrogen fixing nodules 

we reisolated these cosmids and analysed the fragment which carried. 
Finally we made a restricction map of these fragments. 
4. lsolation of the cosmids of CIAT899 which complement exo 
and ndv mutants of R. melilotl 1021. As befare, to isolata these 

plasmids, we made a triparental conjugation of tha gene library of 
CIAT899 and exo and ndv mutants. Again, all the conjugation mass was 
inoculated into beans and from the plants which presented nitrogen fixing 
nodules we isolated the complementing transconjugants. This way we 

have isolated regions of R. leguminosarum bv. phaseoli which cornplement 

the mutants mentioned above. 
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Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loan. Lectures by L. C. Van Loan, R. Fra­
ser, J. F. Antoniw, M. Legrand, Y. Ohashi , 
F. Meins, T. Boller, V. Conejero, C. A. 
Ryan, D. F. Klessig, J. F. Bol, A. Leyva 
and F. García-Olmedo. 

248 Beato, M.: 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. García 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg, E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig, M. Delseny, M. Freeling, S. C. de 
Vries, J. H. Rothman, J. Modolell, F. Sala­
mini, M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi­
narios por Julio E. Celis, James l. Garrels, 
Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organized by F. Garcia-Arenal and P. Pa­
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 

Fundación Juan March (Madrid)



J. Burgyan, J. R. Díaz Ruiz, W. G. Dou­

gherty, F. García-Arenal, W. L. Gerlach, 

A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 

P. Palukaitis, Y. Watanabe and M. Zaitlin . 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organized by C. Gancedo, J. M. Gance­

do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 
Evolution. 
Organized by P. Alberch and G. A. Dover. 

Lectures by P. Alberch , P. Bateson, R. J. 

Britten, B. C. Clarke, S. Conway Morris, 
G. A. Dover, G. M. Edelman, R. Flavell, 
A. Fontdevila, A. García-Bellido, G. L. G. 

Miklos, C. Milstein, A. Moya, G. B. Müller, 

G. Oster, M. De Renzi, A. Seilacher, 
S. Stearns, E. S. Vrba, G. P. Wagner, 
D. B. Wake and A. Wilson. 

256 Workshop on Chromatin Structure and 

Gene Expression. 

Organized by F. Azorín, M. Beato and 
A. A. Travers. Lectures by F. Azorín, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 

Churchill, D. Clark, C. Crane-Robinson, 

J. A. Dabán, S. C. R. Elgin, M. Grunstein, 

G. L. Hager, W. Horz, T. Koller, U. K. 

Laemmli, E. Di Mauro, D. Rhodes, T. J. 
Richmond, A. Ruiz-Carrillo, R. T. Simpson, 

A. E. Sippel, J. M. Soga, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 
C. Wu. 

257 Lecture Course on Polyamines as mo­

dulators of Plant Development. 

Organized by A. W. Galston and A. F. Ti­
burcio. Lectu;es by N. Bagni, J. A. Creus, 
E. B. Dumbroff. H F. F!ores, A. W. Galstun, 
J. Martin-Tanguy, D. Serafini-Fracassini, 
R. D. Slocum, T. A. Smith and A. F. Tibur­

cio. 

258 Workshop on Flower Development. 

Organized by H. Saedler, J. P. Beltrán and 

J. Paz Ares. Lectures by P. Albersheim, 

J. P. Beltrán, E. Caen, G. W. Haughn, J. 

Leemans, E. Lifschitz, C. Martín, J. M. 
Martínez-Zapater, E. M. Meyerowitz, J. 

Paz-Ares, H. Saedler, C. P. Scutt, H. 
Sommer, R. D. Thompson and K. Tran 

Thahn Van. 

259 Workshop on Transcription and Repli­
cation of Negative Strand RNA Viruses. 

Organized by D. Kolakofsky and J. Ortín. 

Lectures by A. K. Banerjee, M. A. Billeter, 

P. Collins, M. T. Franze-Fernández, A. J. 
Hay, A. lshihama, D. Kolakofsky, R. M. 

Krug, J. A. Melero, S. A. Moyer, J. Ortín, 
P. Palese, R. G. Paterson, A. Portela, M. 

Schubert, D. F. Summers, N. Tordo and 
G. W. Wertz. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives. 

lt is one of the most important in Europe, 
considering its endowment and activities . 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and schorlarships 
for scientific training, 

supporting research studies 
and publishing research results . 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 

International Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their international colleagues. 
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