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Abstract

The phylogenetic relationships between diazotrophic rhizosphere bacteria were studied using

16S and 23S ribosomal RNA sequences. Certain stretches of the rRNA sequences are variable

enough to provide information for the development of diagnostic probes at the species level

for the five Azospirillum spp., Acetobacter diazotrophicus, Herbaspirillum seropedica, H.

rubrisubalbicans and ,,isolate E"-bacteria. The brasilian ,,isolate E"- type bacteria, which

reside inside roots, stems and leaves of several plants, could be grouped into the beta-

subgroup of proteobacíeria. According to their 16S rRNA sequences they belong to the genus

Burkholderia. Recently isolated diazotrophic bacteria from the C4-plants Miscanthus sinensis

and Spartina pecünata were identified as Azospirillum lipoferum and Herbaspirillum-\ike

bacteria.
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Oligonucleótide probes were successñilly used for a specifíc fluorescence-labelling of single

cells in situ. Azospirillum brasüense strains Sp7, Sp245, and Wa3 could be identified and

localized in the rhizosphere of wheat plants. Scanning confocal láser microscopy allowed to

image the three-dimensional structure of colonízed roots and to characterize a different

localization pattem of these strains.

Introduction

Research on the phylogeny of nitrogen fíxing bacteria has revealed a high diversity of

diazotrophs in all groups of bacteria (Young, 1992). New diazotrophic bacteria were

characterized very recently (Baldani et al., 1992, Reinhold-Hurek et al. 1993, Tran Van et al.,

1994), which demonstrates that the natural diversity of diazotrophic bacteria is far from being

investigated exhaustively. Especially bacteria living endophytically in different plant parts are

representing an ecologically very interesting, less understood group of diazotrophic bacteria

(D5bereiner et al., 1994).

Acelobacter diazotrophicus, which belongs to the alpha subgroup of proteobacteria, is found

in large numbers in the roots and stems of sugar cañe (Cavalcante and Dóbereiner, 1988;

Gillís et al., 1989). Recently a study using scanning electrón microscopy revealed the

localization of Acelobacter diazkotrophicus cells in infected sugarcane plants (James et al.,

1994). fferbaspirilltan seropedicae, described by Baldani et al. (1986), inhabits roots, stems

and leaves from different plants in rather high numbers. Interestingly, it could be

demonstrated that the mild plant pathogenic Pseudomonas rubrislibalbicans is related to

Herbaspirillum seropedicae on the genus level (Gillis et al. 1991, Hartmann et al., 1994).

Molecular taxonomy is a powerful tool to reveal the phylogeny of organisms. The ribosomal

RNA is a suitable marker molecule for evolutionary relationships and allows to derive Índices

of similarity from the comparison of nucleotide sequences. In addition, probes can be

designed from hypervariabíe sequences. Oligonucleótide probes can be labelled and used as

phylogenetic stains for single cells in ecological studies (De Long et al, 1989). As compared

to the 16S rRNA, the 23S rRNA contains more diverse sites which are suitable for the

development of díagnostíc Oligonucleótide probes,
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The molecular taxonomy of the genus Azospiríllum is developed rather well (Fani et al., this

volume). Phylogenetic oligonucleotides were derived from a hypervariable región of the 23 S

rRNA sequence and allowed a specíes-specific ídentification (Kirchhof & Hartmann, 1992).

Recently, species-specifíc oligonucleoüde probes were also derived from 16S rRNA

sequences (Haurat et al., 1994, Bally et al., this volume). On the basis of 16S rRNA sequences

Xia et al. (1994) developed a more complete phylogenetic tree for the Azospiríllum cluster.

They confirmed the cióse relatedness of all five Azospiríllum spp. and placed

Magnetospirillum magnetotacticum and Rhodospirillum fuivum as closest relatives in this

cluster. Surprisingly, the N2-fixing, anoxygenic phototroph Rhodospirillum centenum, isolated

from a hot spring (Favinger eí al., 19S9), was also grouped within the Azospiríllum cluster

cióse to A. irakense. In addition to ribosomal RNA sequence analysis, the DNA restriction

profíles also support the subgeneric classification oí Azospiríllum (Giovanetti et al., 1990,

1992; Fani et al., 1991).

In this communication, species-specifíc probes for diazotrophic rhizosphere and endophytic

bacteria are presented. The present state of the art in respect to practica! application of these

probes is summarized and examplified with the characterization of new isolates of diazo-

trophic bacteria from C4-plants. An exaniple of a successful in situ identífícation and

localization using fluorescence-labelled probes is given which includes the application of

scanning confocal láser microscopy to improve image quality.

Materials and Mcthods

Bacterial strains and growth conditions

The bacteria were obtained from the german culture collection (DSM, Braunschweig) and

from the collection of the CNPAB, Seropedica, Brazil. Culture conditions were applied for

Herbaspirillum spp.as described by Baldani et al. (1986), for Azospiríllum spp. according to

Hartmann et al. (1988) and for Acetobacter diazotrophicus as described by Calvante &

Dóbereiner (1988).
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Isolation of diazotrophic bacteria from the C4-plants Miscanthus and Spartina

Plant material of Miscanthus giganteus and Spartina pecünaía was obtained from research

plots of the Bayerische Landesanstalt für Bodenkultur und Pflanzenbau in

Freising/Weihenstephan, Germany. Miscanthus giganteus was grown in four consecutive

years with and without 150 kg N ha" a" . Roots, stems and íeaves were thoroughly washed

and small pieces of this material was inoculated in N-free semisolid Nfb, JNfb and LGI media

(Dó'bereiner et al., 1994). The vials were incubated at room temperature and a small amount

was transferred to fresh N-free semisolid media several times. Typical pellicles appeared in

some of the vials and microscopic examination showed the presence of typicaí Azospirillum

lipoferum cells and also a small, very active Herbaspirillum-like bacterium. All strains were

able to reduce acetylene.

Probé design and dot blot hybridization

Probé development and filter hybridization were performed as described by Kirchhof and

Hartmann (1992). Bacterial bulk nucleic acid (NA) was prepared according to the method of

Stahl and Flesher (1987). Crude NA preparations which contain high amounts of ribonucleic

acid were fixed on Zeta-probe nylon fílters (BioRad, München) and immobilized by drying

overnight. 32P-labelled probes were used for dot blot hybridization.

Whole cell hybridization

Whole cell hybridization of single cells basically followed the protocoll of Spring et al.

(1992). Root pieces from inoculated wheat plantlets were fixed with paraformaldehyde,

dehydrated in an ethanol series and mounted on sudes, After hybridization with fluorescein-

or rhodamine-labelled oligonucleotide probes the samples were counterstained with 4,6'-

diamidino-pheny lindo le (Porter & Feig, 1980). In addition to an A. brasilense probé (Kirchhof

& Hartmann, 1992), the following oligonucleotide probes were used: probé EUB338,

covering all bacteria (Amann et al., 1990), and probé ALFlb which is specific for alpha

subgroup proteobacteria (Manz et al., 1992).

Scanning confocal láser microscopy

The samples were investigated with a Zeiss LSM 410 scanning confocal láser microscopc

equipped with lasers at 365, 488, and 543 nm, and filter sets suitable for detection of

rhodamine- and fluorescein-cou]
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rhodamine- and fíuorescein-coupled oligonucleotides as well as DAPI. All image processing,

combining into a colored rgb-image, reconstructions of three-dimensional arrangements were

performed with the standard Zeiss LSM software package.

Results and Discussion

Taxonomic studies and development of phylogenetic probes

The highly variable stretch covering hélices 54-59 of the 23S rRNA can be amplified by using

conservative flanking sequences as primers in the polymerase chain reaction (Hópfl et al.,

1989; Ludwig et al., 1994). Table 1 summarizes the oligonucleotide sequences derived from

23S rRNA sequences using this approach. The proposed sequences were compared with data

bank sequences of a broad spectrum of 23S rRNAs of other bacteria. The oligonucleotides

were also tested with a large variety of bacterial nucleic acid preparations (Kirchhof,

unpublished) and proved to have the proposed specificity.

Species Ñame

ÁzospiriUum amazonense

ÁzospiriUum brasilense

ÁzospiriUum halopraeferens

ÁzospiriUum irakense

ÁzospiriUum lipoferum

Acetobacter diazoírophicus

Herbaspirillum seropedicae

Herbaspirillum rubrisubalbicans

,,Isolate E"-type bacteria

Oligonucleotide Sequence

5'-GTGTGCCATGGAGGTGT-3'

5'-GCCCGGCTGGGGACCC-3'

5'-AGCGTGCTGCGGCGA-3'

5 '-CTGAAAACCAGTATGC-3 '

5 '-TAGCCCCGCCTTATA-3 '

5 '-ATCCGGCTTTTGGCGCA-3 '

5'-GTCCCGGTTTTTGCATCGA-3'

5'-TAGTCGGTTTTTGCATCGA-3'

5 '- AAGGGTGCG AGGCC ATGC-3 '

Proteobacteria

subgroup

alpha

alpha

alpha

alpha

alpha

alpha

beta

beta

beta

Table 1: Sequences of 23S rRNA derived species-specific oligonucleotide probes
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The Acetobacter diazotrophicus probé was clearly negative with Acetobacter aceti,

Ac. hansenii, Ac, liquefaciens, Ac. pasteurianus and Gluconobacter oxydans. A1I Acetobacter

diazotrophicus isolates from different origins tested with this probé until now were positive.

This corrobórales the finding that there is limited genetic diversity in this endophytic bacterial

species from plants rich in sugar (Caballero-Mellado & Martínez-Romero, 1994).

While the Herbaspirillum seropedicae probé was species-specific, the H. rubrisubalbicans

probé also hybridized to NA from EFl-isolates (Kirchhof, unpublished). These mostly clinical

isolates which are closely related to H. rubrisubalbicans are not nitrogen-fixing and differ

only in a few physiological characteristics (Gillis et al. 1991).

When these oligonucleotide probes are used for a species differentiation with unknown

isolates, problems may appear when other methods are used to obtain bacterial nucleic acids.

Nguyen et al. (this volume) used a method which yields raostly bacterial DNA. Using DIG-

labelled probes, the species-specific response was not observed in all cases. The A. lipoferum

probé exhibited a high degree of unspecifíc hybridization. Probably the genome of

many bacteria contaíns a sequence which crossreacts with the chosen 23S rRNA sequence of

A. lipoferum. Another possible problem arrises in the non-radioactive detection system with

DIG-labelled probes. NA-preparations obtained with the method of Stahl & Flesher (1987)

cannot be used, because the ribonucleic acids are attacked under the alkaline conditions during

the phosphatase assay used in the DIG detection system. Thus, most of the nucleic acid is lost

from the filters (W. Melchinger, unpublished). Hybridizations of RNA-rich bulk nucleic acid

preparations with 32P-labelled probes seem to give the most reliable and sensitive results.

It also needs to be stated that the molecular taxonomic tests with species-specific

oligonucleotide probes should be used together with standard taxonomic examinations. It is

our experience, that thorough investigations with indicative media and culture techniques

along with a careful examination of phenotypic features and physiological tests almost always

led to a positive proof using the direcí probing technique. The probé technique can be used as

a short cut for a quick positive proof. In addition to species-specific probes, the application of

oligonucleotide probes specific for the alpha-, beta- and gamma-subgroup of proteobacteria

(Manz et al., 1992) corrobórales the taxonomic classification. Negative results in hybridiza-

tion assays could be due to an uncommon base exchange in the diagnostic oligonucleotide

región of the tested strain. If negative hybridization results occur, a classical taxonomic

analysis has to be performed (e.g. Krieg & Dó'bereiner, 1984).
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,,Isolate E"-type bacteria

A new type of Gram-negative, diazotrophic bacteria was isolated from the inside of sugar-

cane, sweet potato and rice (Olivares, 1992). These group of bacteria grew very well in

semisolid, nitrogen free rnannitol minimal médium, pH 4.0. They also can be obtained in

médium M, containing glucose, oxalate and citrate. A series of physiological tests were

performed including the API-series and carbón utilization tests using the millipore method (V.

L. D. Baldani, unpublished results). The phenotypic appearance of these isolates resembles

that of Herbaspirillum but the physiological tests suggest to group them as Burkholderia-like

bacteria. All isolates were positive in the acetylene reduction assay. The main difference from

Burkholderia cepacia was the lower pH-optimum (pH 4.0 - 4.5) and the higher tolerance for

sucrose(upto 10%).

To evalúate the phylogenetic position, the complete sequence of the 16S ribosomal RNA of

isolate PPe8 was obtained. It clearly revealed a position inside the Bwhoíderia-cíustet,

probably representing a new Burkholderia species. In addition, an oligonucleotide probé for

the «isolate E"-type bacteria was derived from strain PPeS which has been isolated from

sugarcane. It was tested by dot blot hybridization with nine other ,,isolate E"-type bacteria,

Herbaspirillum isolates and other bacteria. The probé (Table 1) gave positive resufts only with

the ,,isolate E"-strains PPe5, PPe6, Ppe7 and PPeS. This can be taken as evidence for an

unrevealed diversity among the ,,isolate E"-type bacteria. Phylogenetic comparison with other

Burkholderia spp. are currently under investigation.

Diazotrophs in the C4-plants Miscanthus and Spartina

Miscaníhus giganteus and Spartina pectínata are investigated as potential energy or fíber

crops in Europe. Using oligonucleotide probes, we examined the taxonomy of endophytic

bacteria isolated in Germany from these plañís. In dot blot hybridizations, the putative

Azospirillum lipoferum isolates hybridized only with the A. lipoferum probé. However. the

Herbaspirillum-like isolates did not hybridize with the Herbaspirillum seropedicae probé. It

is quite possible, that this type of isolates represents a new species within the genera

Herbaspirillum or Burkholdeña.

In situ studies using fluorescence-Iabelled oligonucleotide probes

Oligonucleotide probes coupled to fluorescent dyes can be used for a specific in situ detection
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of bacteria in complex habitáis (Spring et al., 1992). Using this approach, we studíed the

colonization of wheat roots by Azospirülum brasiiense strains Sp7, Sp245 and Wa3 (Afímus

et al., 1995). The samples were viewed with a scanníng confocal láser microscope (SCLM).

This technique provides an improved image quality due to point-by point illumination of the

specimen and elimination of out-of-focus signáis (for review see Shotton & White, 1989).

After colíecting series of optical sections at different excitation wavelengths, colored images

with extended focus as well as three-dimensional reconstructions of the original samples were

calculated.

The species-specifíc probé allowed an in sita detection of A. brasiiense only in root samples

from monoxenic Hoagland tubes. Sígnal quantification with SCLM on hybridized cells

revealed that this probé gave only 40% of the signa! intensity as compared to probé Eub338 or

ALFlbf respectively. Thus, for detection of azospirilla on soil grown roots the group-specific

probé ALFlb was used. A new set of species-specifíc probes rteeds to be developed on the

basis of other variable sequence stretches of the 23S rRNA which are more suitable for in situ

application.

Fíg. 1: A. brasiiense Sp245 in the root hair zone of a Hoagland-grown wheat seedling.
Staining with rhodamine-labeled probé ALFlb, excitation wavelength 543 nm. Projection of a
z-series, 18 jim. Bar equals 20 [¿m.
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A signifícant portion (10-25%) of the rhizosphere microflora gave hybridization signáis with

sufficient signal intensity. This provides an esíimation of the physiological activity of the

cells, because the contení of ribosomes is supposedly hígh in very active cells and the

penetration of probes into fixed bacteria is usually not limiting. Azospirillum brasilsnse was

found on the root surface and in the root hair zone in tight layers and clumps (Fig.l). Whereas

strain Sp7 was restricted to these sites, strains Sp245 and Wa3 were also detected below cells

of the outer cortex (Fig. 2a). Strain Sp245 was found repeatedly in high densities ín the

interior of root hairs which obviously had intact cell walls (Fig. 2b). We could not yet detect

strain Sp245 in the vascular system of the roots, probably because fluorescence-labelled

probes may not have access to the root interior due to the tight cell walls. Improvements

towards a proper sample processing should solve this problem. Strain Sp245 is known to

penétrate the root cortex since it could be identífied in thin sections of root vascular tissues

using strain-specific monoclonal antibodies and the immunogold/silver enhancement

technique (Schloter et al., 1995).

>agland-grown wheat seedling.
slength 543 nm. Projection of a

Fig 2: Colonizatíon of the endorhizosphere of wheat seedlings by A. br'asílense. Staining and
excitation as in fíg. 1. a: z-scan exhibiting strain Wa3 (arrows) below the outer cortex cells of
a seedling grown in quartz sand. b: Root hair cell of a seedling grown in unsterile soil, tightly
fiíled with A brasileme Sp245.
Bars equal 5 f^rn for panel a and 10 um for panel b, respectively.
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Monoclonal or polyclonal antibodies can also be coupled to fluorescent dyes and used for an

in siíu monitoring of Azospirittum brasilense in the rhizosphere (Schloter et al., 1993).

Whereas rRNA-targeted oligonucleotide probes can be designed at a specificity from domain

down to species level, a monoclonal antibody can be even strain-specific (Schloter et al.,

1992). The combination of these two labelling tools would allow the detection of a

specifically introduced strain within the naturally occurring background of bacteria from the

same species or gemís. Research is in progress to combine the serological and oligonucleotide

fabelling techniques to a single protocol.

References

Amann RI, Binder BJ, Olson RJ, Chisholrn SW, Devereux R, Stahl DA (1990) Combination
of 16S rRNA-Targeted oligonucleotide probes with flow cytometry for analyzing mixed
microbial populations. Appl Environ Microbiol 56:1919-1925

ABmus B, Hutzler P, Kirchhof G, Amann R, Lawrence JR, Hartmann A (1995) In situ
localization of Azospirillum brasilense in the rhizosphere of wheat using fluorescently labeled,
rRNA-targeted oligonucleotide probes and scanning confocal láser microscopy. Appl Environ
Microbiol, in press

Baldan! JI, Baldani VLD, Seldin L, Dó'bereiner J (1986) Characterization of Herbaspirillum
seropedicae gen. nov., sp. nov., a root-associated nitrogen-fixing bacterium. Int. J. System.
Bacteriol. 36:86-93

Baldani JI, Baldani VLD, Olivares F, Dó'bereiner J (1992) Identification and ecology of
Herbaspirillum seropedicae and the closely related Pseudomonas rubrisubalbicans.
Symbiosis 13:65-73

Bally R, Haurat J, Normand P (1995) Azospirillum phylogeny based on 16S rRNA gene
sequences. This voíume

Caballero-Mellado J & Martínez-Romero E (1994) Limited genetic diversity in the
endophytic sugarcane bacterium Acetobacter diazotrophicus. Appl Environ Microbiol
60:1532-1537

Calvante VA & Dobereiner J (1988) A new acid tolerant nitrogen-fixing bacterium associated
with sugarcane. Plant Soil 108:23-31

De Long EF, Wickham GS, Pace NR (1989) Phylogenetic stains: Ribosomal RNA-based
probes for the identification of single cells. Science 243:1360-1363.

Dobereiner J, Baldani VLD, Oliv;
BNF in gramineous plañís. In: P
with Non-Legumes, Ismailia, Egy
Fani R, Bazzicalupo M, Gallori I
fragment length polymorphism oí

Fani R, Bandi C, Bazzicalupo N
Damiani G (1995) Phylogenetic s

Favinger J, Stadtwald R, Gest H
cyt-forming anoxygenic photosyn

Gillis M, Kersters K, Hoste B, J
Dobereiner J, De Ley J (1989) A
acid bacterium associated with su¡

Gillis M, Dobereiner J, Pot B, G
Taxonomic relationships between
group 1), Herbaspirillum seropet
Nitrogen Fixation (eds: Polsint
Publishers, Dordrecht

Giovanetti L, Ventura, S, Bazzic
fmgerprint analysis of the soil bac

Giovanetti L, Fedi S, Gorí A, N1

strains at the genome level wii
Microbiol. 15:37-41(1992)

Hartmann A, Fu H, Burris RH
growth of Azospirillum spp. Appl

Hartmann A, ABmus B, Lawre
application of 23S rRNA-directec
diazotrophicus and Herbaspirülu
Fixation with Non-Legumes, IsrrtE

Hdpñ P, Ludwig W, Schleifer K
structure oí. Pseudomonas cepacia

James EK, Reis VM, Olivarez FL
the nitrogen-fixing bacterium Acei

Kirchhof G & Hartmann A (199
23S-rRNA sequences. Symbiosis



425

fluorescent dyes and used for K

jsphere (Schloter et al.. 1993).

ned at a speciíicity firom doma*

i strain-specific (Schloter et *_

ould allow the detecúon of m

background of bacteria fram Ae

; serological and oligonucfeotüe

L Stahl DA (1990) Combinad»
cytometry for analyzing nñxed

R, Hartmann A (1995) In san
-heat using fíuorescently labeled.
laser microscopy. Appl Enviroo

aracterization of Herbaspirilhmi
ixing bacterium. Int. J. Syr-í~

) Identification and ecology of
'seudomonas rubrisubalbicara.

¡eny based on 16S rRNA gene

lited genetic diversity in the
cus. Appl Environ Microbio!

>gen-fixing bacterium associated

stains: Ribosomal RNA-basec
1363.

Dobereiner J, Baldani VED, Olivares F, Reis VM (1994) Endophytic diazotrophs: The key to
BNF in gramineous plants. In: Proceedings of the 61 Int. Symposium on Nitrogen Fixation
with Non-Legumes, Ismailia, Egypt (in press)
Fani R, Bazzicalupo M, Gallori E, Giovanetti L., Ventura S, Polsinelli M (1991) Restriction
fragment length polymorphism of Azospirillum strains. FEMS Microbiol Lett 83:225-230

Fani R, Bandi C, Bazzicalupo M, Di Cello F, Fancelli S, Gallori E, Gerace L, Grifoni A,
Damiani G (1995) Phylogenetic studies of the genus Azospirillum. This volume

Favinger J, Stadtwald R, Gest H (1989) Rhodospirillum centenum sp. nov., a thennotolerant
cyt-forming anoxygenic photosynthetic bacterium. Antonie van Leeuwenhoek 55:291-296.

Gillis M, Kersters K, Hoste B, Janssens D, Kroppenstedt RM, Stephan MP, Teixeira KRS,
Dobereiner J, De Ley J (1989) Acetobacter diazotrophicus sp. nov., a nitrogen-fixing acetic
acid bacterium associated with sugarcane. Int J System Bacteriol 39:361-364

Giílis M, Dobereiner J, Pot B, Goor M, Faísen E, Hoste B, Reinhold B, Kersters K (1991)
Taxonomic relationships between [Pseudomonas] rubrisubalbicans, some clinical isolates (EF
group 1), Herbasptrittum seropedicae and [Aquaspirillum] auíotrophicum, pp. 293-294. In:
Nitrogen Fixation (eds: Polsinelli M, Materassi R, Vincenzini M) Kluwer Academic
Publishers, Dordrecht

Giovanetti L, Ventura, S, Bazzicalupo M, Fani R and Materassi R (1990) DNA restriction
fmgerprint analysis of the soil bacterium Azospirillum. J. Gen. Microbiol. 136:1161-1166

Giovanetti L, Fedi S, Gori A, Montani P, Ventura S (1992) Identification of Azospirillum
strains at the genome level with total DNA restriction pattern analysis. System. Appl.
Microbiol. 15:37-41 (1992)

Hartmann A, Fu H, Burris RH (1988) Influence of amino acids on nitrogen fixation and
growth of Azospirillum spp. Appl. Env. Microbiol. 54:87-93

Hartmann A, ABmus B, Lawrence JR, Reis V, Kirchhof G (1994) Development and
application of 23S rRNA-directed oligonucleotide probes for Azospirillum spp., Acctobacter
diazotrophicus and Herbaspirillum. In: Proceedings of the 6l Int. Symposium on Niírogen
Fixation with Non-Legumes, Ismailia, Egypt (in press)

Hópfl P, Ludwig W, Schleifer KH, Larsen N (1989) The 23S ribosomal RNA higher-order
structure oí Pseudomonas espacia and other prokaryotes. Eur. J. Biochem. 185:355-364

James EK, Reis VM, Olivarez FL, Baldani JI, Dobereiner J (1994) Infection of sugar cañe by
the nitrogen-fixing bacterium Aceíobacter diazotrophicus. J Exp Botany 45:757-766

Kirchhof G & Hartmann A (1992) Development of gene probes for Azospirillum based on
23S-rRNA sequences. Symbiosis 13:27-35



426

Krieg NR, Dóbereiner J (1984) Gemís Azospirillum, pp. 94-104. In; Bergey 's Manual of
Systematic Bacteriology Vol.l (eds: Krieg NR, Holí JG) Williams & Wilkins, Baltimore,
London

Ludwig W, Dorn S, Springer N, Kirchhof G, Schleifer KH (1994) PCR-based preparation of
23S rRNA-targeted group-specifíc polynucleotide probes. Appl, Environ. Microbiol. 60:3236-
3244

Manz W, Amann R, Ludwig W, Wagner M, Schleifer K-H (1992) Phylogenetic
oligodeoxynucleotide probes for the major subclasses of proteobacteria: Problems and
solutions. System Appl Micrbiol 15:593-600

Nguyen ND, Kraut M, Klingmüller W (1995) Isolation and characterization of Azospirillum
spp. from soil and rhizosphere of North-Vietnam. This volume

Olivares E (1992) Estudo da associacao entre bacterias diazotroficas e arroz. Msc Thesis,
Univ. Fed. Rural Rio de Janeiro, Itaguai, Rio de Janeiro, Brazil

Porter KG & Feig YS (1980) The use of DAPI for identifying and counting aquaüc
microflora. Limneol Oceanogr 25:943-948

Reinhold-Hurek B, Hurek T3 Gillis M, Hoste B, Vancanneyt M, Kersters K, De Ley J (1993)
Azoarcus gen. nov., nitrogen-fixing proteobacteria associated with roots of Kallar grass
(Leptochioa fusca (L.) Kunth), and description of two species, Azoarcus indigem sp. nov. and
Azoarcus communis sp. nov. Int J System Bacterio! 43:574-584

Schloter M, Bode W, Hartmann A (1992) Characterization of monoclonal antibodies against
cell surface structures of Azospirillum brasilense Sp7 using ELISA techniques. Symbiosis
13:37-45

belonging to the genus Burkholc
Fixation with Non-Legumes, Isrr

Xia Y, Embiey TM , O'Donnell
sequencing of PCR ampüfied 16!

Young JPW (1992) Phylogeneti
Biological Nitrogen Fixation (e
Routledge, USA

Schloter M, Borlinghaus R, Bode W, Hartmann A (1993) Direct identification, and
localizaron of Azospirillum in the rhizosphere of wheat using fluorescence-labelled
monoclonal antibodies and confocal láser scanning microscopy. J Microscopy 171 :173-177

Schloter M, Kirchhof G, Heinzmann U, Dóbereiner J, Hartmann A (1995) Immunological
studies of the wheat-root-colonization by the Azospirillum brasilense strains Sp7 and Sp245
using strain-specifíc monoclonal antibodies. Plañí Soil, in press.

Shotton D & White N (1989) Confocal scanning microscopy: Three-dimensional biological
imaging. Trends Biochem Sci 14:435-439

Spring S, Amann R, Ludwig W, Schleifer K-H, PetersenN (1992) Phylogenetic diversity and
identification of nonculturable magnetotactic bacteria. System Appl Microbiol 15:1 16-122
Stahl & Flesher, 1987, fehlt.

Tran Van V, Gilíis M, Hebbar KP, Fernadez M, Martel MH, Berge O, Meyer JM, Heuiin T
(1994) Isolation of a new species of nitrogen-fixing proteobacteria from the rice rhizosphere



427

'4-104. In: Bergey 's Manual of
Williams & Wilkins, Baltimore,

(1994) PCR-based preparation of
upl. Environ. Microbiol. 60:3236-

ifer K-H (1992) Phylogenetic
f proteobacteria: Problems and

characterization of Azospirillum

azotroficas e arroz. Msc Thesis,

lentifying and counting aquatic

M, Kersters K, De Ley J (1993)
ited with roots of Kallar grass
;, Azoarcus indigens sp. nov. and
!4

if monoclonal antibodies against
I ELISA techniques. Symbiosis

Í93) Direct identifícation, and
:at using fluorescence-labelled
y. J Microscopy 171:173-177

mann A (1995) Immunological
'•asílense strains Sp7 and Sp245

y: Three-dimensional biological

992) Phylogenetic diversity and
Appl Microbiol 15:116-122

, Berge O, Meyer JM, Heulin T
.cteria from the rice rhizosphere

belonging to the genus Burkholderia. In: Proceedings of the 6l Int. Symposium on Nitrogen
Fixation with Non-Legumes, Ismailia, Egypt (in press)

Xia Y, Embiey TM , O'Donnell AG (1994) Phylogenetic analysis of Azospirillum by direct
sequencing of PCR amplifíed 16S rDNA. System Appí Microbiol 17:197-201

Young JPW (1992) Phylogenetic classification of nitrogen-fixing organisms, pp. 43-86. In:
Biological Nitrogen Fixation (eds: Stacey G, Burris RH, Evans HJ) Chapman and Hall,
Routledge, USA


