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SHORT TECHNICAL NOTE

Direct identification, and localization of Azospirillum in
the rhizosphere of wheat using fluorescence-labelled
monoclonal antibodies and confocal scanning laser

microscopy
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Summary

Azospirillum  Is a soil bacterinm  with  plant - growth-
promoting potential, Strain-specilic monoclonal antibodies
{mAbs) which hind to different antigenic determinants of
the bacterfal cell surface with high specifieity for A
bragilentse Sp7 were used to monitor this bactertum in the
thizosphere of wheat plants. The mAbs were marked
directly with the fluorochromes fluoreseein (FITC) or
tetramethylrhodamine  (TRITC). With the labelled mAbs
and confocal scanning laser microscopy, an ino sitn
identification and localization of this bacterium in root
segments was possible.

Introduction

The inoculation of plant roots with bacteria of the genus
Azospirillum can resull in a sipnificant change in varous
growth parameters of the plant (Kapulnik et al., 1985), It is
reported that Azespirillum has a plant growth-promoting
potential, which produces enhanced nitrogen uptake in the
inoculated plants (Baldani et al,, 1983) and phytohormone
production in the rhizosphere (Hartmanno et al. 1983}
Azospirillum can colonize roots externally (in the mucigel
layer; Bashan & Levanony, 1939) or internally {in the
intercellular space; Patriquin & Diberciner, 1978). How-
ever, the mechanisms of the plant bacterla Interaction
leading to plant growth promoetion are not fully elucidated,
A specilic o sitn localization of particular Azospirillum
strains is necessary to reach this goal.

in our laboratory we use stroin-specific monoclonal
antibodies (mAbs) for A brasilense Sp7 (o identify, localize
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and guantily Inoculated Azospirillum In the rhizosphere.
The strain-specific mAbs were classified into two subclasses
according to their different antigenic determinams (Schlo-
ter of al., 1992a) One class of mAbs is bound o an 85-kDa
outer membrane protein, while the second type recognizes
a certain exopolysaccharide of the bacterial cell surface (M,
Schloter. unpublished observations).,

With engyme-coupled mAbs apainst the membrane
protein and a sensitive immunoassay quantification of A,
brasilense Sp7 in a soil extract, it was possible to derect 100
bacteria/ml {Schloter et al., 1992b). Using Hluorescent
markers conjugated o the mAbs and eplfluorescence
microscopy a specific cell identification is possible (Bohlool
& Schmidt, 1980). However in samples with high
awtolluorescence - like roots or soil with high clay or
humic content - problems exist concerning the e of
epilluorescence microscopy, Therefore the application of
confocal scanning leser microscopy was investigated.

Maierials and methods

Bacterial strains

The bacterial strain Azespivilhon brasilense Sp7 (DSK 1690
was obtained from the German collection of micro-
organisms (DSM) and grown in Lurfa broth (LB} al 33°C.

Maroclenal antibodies

The monoclonal antibodies (mAbs) were generated amil
characterized as described by Schloter et al, (19%24a),
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Frg. 1. An sy sean picture (= 1000} of baeterin labelled with PTTC mAbs on a 10-week-old wheal rool strface uslog g single-channed confocal
segnning laser microseope. The luorescence was excited with an Ar laser at 458 nm and detected with a long-pass filler at 515 nn

Coupling of the aniibedies with fuovechromes, The antibodies
were coupled either with the fuorochromes [uorescein
fsothiseyanate (FITC) (Sigma, Germany) or with ilelra-
methyl rhodamine isothiccyanate (TRITC) (Sigma, Ger-
many ) according o Goding (1978).

Plant inoeulation

Rhizcitrons (30 = 15 = 2em) were filled with soil (high elay
content). One wheat seedling was planted in each rhizoiron,
At the time of planting the plants were inoculated with 10°
cells of an overnight eulture of A hrosilense Sp7. The
rhizotrons were moistened every 2 days with 3 ml water,
After 10 weeks the rhizotrons were opened and the roots
were carelully removed {rom the soil.

In situ immunostaining teclmique

For the immunesiaining experiments a stealn-specific mAb
for A brasilense Sp7 owas used, which binds to cell-surface
polvsiccharides (Schioter ef af., 19924),

The staining of the root segments was performed in pelr

dishes according 1o Boblool & Schmidt (19800 and Harlow
& Lane (1988). To prevent lading of the Muerochromes an
antifnding reagent containing 100 mg paraphenylenedi-
amine in 10 ml phosphate-bullered saline (pH 9} and 90 ml
glycerin was used,

Confocal scanming luser migroscopy

A Carl Zetss LSM 310 was ased to record optical sections.
The Instrument was eguipped with an Ar-ion laser (488
nm) and a HeMNe-laser (543 nm). Objective lenses 40x/1.3,
(3x/1.4 and 100x/1.4 were used. The instrument was
capable of recording two fluorescence channels simulia-
neouslv. A three-dimensional soltware package ennbled
root and bacteria (o be displayed at different angles.

Results and discussion

Conventionel epifluorescence microscopy

For studylng microbial populations in soll and ehizosphere,
the sensitivity of standard epilluorescence  methods s



Fig. 2. An xzy scan picture (= 10000 of baclerls
labelled with "THITC mAbs on o F0-week-nld wheat
oot surfice using @ two-channel confocal scanning
lieserr microscope. Thi Huorescence of the mAbs was
excited with an HeMe laser at 543 nm and detected
with o long-pass filler at 390 om. The avtofluores-
cence of (e ool was excited with an Ar laser al
488 nm  und detected with & long-pass filter at

S5 nm

limited, because autolluorescence problems do occur in sitn,
The optical properties of the luorescence markers used are
of central importance. Using TRITC or Texas Red at an
excitation wavelength of 584 nm and an  emission
wavelength of 612 nm, aatofluorescence due to the soil
and rool material was present, bul within an acceptable
ringe. Localization and identification of micro-organisms
unider these conditions was possible 1o some extent (not
shown), In contrast, using an excitation wavelength of
485 mm and an emission wavelength of 538 nm
(recommuended for FITC), rool and sail componenis showed
very high autoflucrescence. In mature roots and In soils
with & high content of organic matter bacteria could hardly
be identified under these condllions (not shown).

Confocal scaneing laser niicroscopy

Confocal laser scanning microscopy solved many of these
problems. The technique aof oplical sectioning with a
confocal scanning laser microscope removes the out-of-
feus Nluorescence from the rools, leading to a sharp. clear
pieture, In these optical sections the bacteria can be
detected very casily.

Using only a single exciting laser wavelength (488 mum) it
wits possible (o stimulate autofluorescence ol rool material
and specilic Muorescence of the FITC-labelled bacteria at the
same wavelength. Figure 1 shows an xy scan picture of
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bacteria labelled with FITC-mAbs on & 10-week-old wheat
root surface, 1L was possible to localize marked A brasilense
Sp7 cells on the root surfice, Using bacteria marked with
TRITC mAbs and excitation with green light, the back-
ground signal was so weak that the rool could not be
localized (nol shown),

A two-laser system provided the opportunity toosplit
autofluorescence and lluorescence of the labelled bacteria.
Figure 2 shows an xy scan pleture of bacteria labelled with
TRITC mAbs on the surface ol a 10-week-old wheat root.
The rool Nuorescence was excited with the Ar-laser loe o
488 nm and detected with a 515-nmm long-pass filer, For
the TRITC label we nsed excitation wilh the green HeNe
laser line at 543 nm and a 5%0-nm long-pass filter for
detection. It was also possible 1o excite both  signals
simultaneousty and to split the emissions for simultaneous
recording al two channels.

With a two-laser system i1 was not only possible to
localize bacteria on the root surfuce, a z-scan gave the
additional opportunity to determine the exact position of the
bacteria in the depth of the mucigel layer. Flgure 3 shows a
zsean of 30 um in 0.5-pm steps of bacteria labelled with
TRITC mAbs on the surface of a 10-week-old wheat root. li
could be shown that A, brasilense Sp7 did not penetrate into
the root interior. but colonized the root in the mucizel layer.
This is in accordance with results of other groups (Bashan &
Levanony. 1989},
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A twoslaser system also provided the ability to scan o the
eyz-direction. In smaller roots or root hairs this technigue
may enable us w guantify the mAb-labelled bacteria. Figure
4 shows an xyz scan of a root hair (30 gm in 1-pm steps) of
bacteria labetled with TRITC maAbs.

Experimens to use double-marked bacteria in confocal
scanning laser microscopy are in progress. Two differently
labelled mAbs of different specifity or a combination of

Fig, 3. A z sean pleture (= 1O of bactera labelled
with TRITC mabs on o 10-week-old wheat root sar-
face using a two-chonnel confocal scanning laser
microscope (depth of 30 pm in 005-um stepsh The
fiuorescence of the mAbs was exciled with an Hele
faser at 543 nom and detected with o long-pass (ilter
al 5% nm The butollusreseenee of the ool was
exclled with an Ar laser ab 458 nmoand dolected
with @ long-pass flter at 515 nm.

labelling with mAbs and gene probes like oligonucleotides,
directed against 235-rRNA (Kirchhol & Hartmann, 1992),
may be applied simultaneously.
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Fig. 4. An xyz scan pictone (= LO00) of . bacteria
laabselledd with TRITC mAbs on a 10-week-old wheat
riwl surfice using a two-chonnel confooal scanning
lager microscope (= scan: depth of 30pm 0 1-pm
stepsl. The Moorescence of the mAbs was excifed
witl an HeNe biser an 343 mmand detecied with o
long-pass filter at 390 nm, The autolluorescence ol
the ool was exciied with an Ar laser ol 458 mim
and deteeied with o long-poss filler ot 515 0m,
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