
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, OCt. 1991, p. 3052-3055 Vol. 57, No. 10
0099-2240/91/103052-04$02.00/0
Copyright © 1991, American Society for Microbiology

Use of Immunogold Labelling with Scanning Electron Microscopy
To Identify Phytopathogenic Bacteria on Leaf Surfacest

C. L. DAVIS AND R. H. BRLANSKY*

Citrus Research and Education Center, Institute ofFood and Agricultural Sciences,
University of Florida, Lake Alfred, Florida 33850

Received 15 April 1991/Accepted 1 August 1991

Scanning electron microscopy coupled with high-resolution back-scattered electron imaging was used to
detect gold-labelled specific immunoglobulins attached to epiphytic bacteria. Strains of Xanthomonas citri and
X. campestris pv. citrumelo were specifically identified on grapefruit leaf surfaces when labelled with
homologous gold-labelled immunoglobulins.

Phytopathogenic bacteria can survive and multiply as
epiphytes on both host (9, 11, 18, 22, 26) and non-host (5, 10,
12, 20, 26) plant species. A number of researchers have used
light microscopy to evaluate epiphytic bacteria on leaf
surfaces. Leaves were bleached with chlorine gas or cleared
with methanol prior to visualization of bacterial epiphytes
with epifluorescence and bright-field microscopy (6, 17).
Other methods (3, 7) have utilized acrylic casting resins
which are sprayed on leaf surfaces, allowed to polymerize,
peeled, and stained for examination with the light micro-
scope. Scanning electron microscopy (SEM) has also been
utilized to observe bacterial populations on leaves and buds
of plants (2, 21, 25). All of these techniques are useful for
obtaining information on spatial distribution and on varia-
tions in population, but they do not identify the bacterial
organisms present.
More recently, membrane entrapment direct immunofluo-

rescence using specific labelled antibodies has been used to
detect the spread of the bacterium Xanthomonas campestris
pv. citrumelo in simulated greenhouse and field nurseries (4,
10). New methods utilizing SEM and specific gold-labelled
antibodies have enabled researchers to label a number of
types of cells, including yeasts, erythrocytes, platelets, and
cells from a wide variety of tissues (14-16, 27). With the
development of highly efficient back-scattered electron de-
tectors (1, 23), the performance of SEM immunocytochem-
istry has become much more practical. The purpose of our
study was to develop a method of labelling bacteria on leaf
surfaces with specific colloidal gold-labelled antibodies in
order to detect them with SEM and back-scattered electron
imaging (BEI).

Strains of Xanthomonas citri (XC-62), X. campestris pv.
citrumelo (F-1), X. campestris pv. pruni (XP-1), and Erwinia
herbicola (EH-1) were obtained from E. L. Civerolo, U.S.
Department of Agriculture, Agricultural Research Station,
Beltsville, Md.

Cultures were stored at 4°C under sterile oil slants of
Wakimoto's semisynthetic potato medium (19). Bacterial
inocula were grown in 20 ml of L broth (10 g of casein
hydrolysate, 10 g of NaCl, 5 g of yeast extract, 1 liter of
distilled water) for 18 to 20 h with gentle rotary shaking at
28°C. The 20-ml cultures were centrifuged (10 min at 10,000
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x g) and washed two times by resuspending the pellet; the
final pellet was then resuspended in sterile distilled water.
The final concentration was adjusted to approximately 0.1
A620 unit (1-cm light path), which corresponds to 108 CFU/
ml.
Greenhouse-propagated seedlings of Duncan grapefruit

(Citrus paradisi Macfadyen), approximately 30 cm tall, were
used for inoculations. Bacterial cell suspensions of 0.5 x 108
to 3.0 x 108 CFU/ml were sprayed uniformly onto leaf
surfaces until runoff, and inoculated plants were covered
with plastic bags for 24 h to maintain a high relative
humidity.
Leaf disc samples were collected at 1, 2, 3, 5, and 7 days.

Samples were collected from expanding and fully expanded
leaves and fixed in 1.5% glutaraldehyde in 0.1 M cacodylate
buffer with 1,500 ppm of ruthenium red, pH 7.4, at 4°C
overnight. Samples were rinsed three times for 15 min each
in 0.1 M cacodylate buffer containing 5% sucrose, pH 7.4.
Samples were stored at 4°C in 0.1 M cacodylate buffer with
5% sucrose, pH 7.4. Polyclonal rabbit antisera to bacterial
strains were prepared by previously described methods (4),
and the immunoglobulin (IgG) fraction of each antiserum
was purified by using the protein A-Sepharose affinity chro-
matography procedure of Miller and Stone (24). The IgG was
dialyzed against 2 mM borate, pH 9.2, prior to conjugation to
colloidal gold. Colloidal gold particles approximately 30 to
40 nm in diameter was consistently prepared by reduction of
tetrachloroauric acid with sodium citrate as described by
Frens (8). Microtitration assays were used to determine the
stability of the colloidal gold at different pHs and the
optimum amount of protein to be coupled (13). The pH of the
colloidal gold was adjusted to approximately 9.5 with 0.1 M
potassium carbonate. Colloidal gold (13.95 ml) was placed in
a sterile siliconized beaker with a magnetic stir bar, and 1.05
ml of 0.1 M Tris-HCl, pH 9.5, was added. The IgG was
gradually added to the colloidal gold and stirred for 15 min at
ambient temperature (24°C). Further IgG-gold adsorption
was quenched by the addition of 240 pl of 2.5% polyethylene
glycol (molecular weight, 20,000). Immediately after conju-
gation, the pH was adjusted to 8.2 with HCl and bovine
serum albumin (BSA) was added from a 10% aqueous stock
solution to a concentration of 0.25%. The addition of BSA as
a secondary stabilizing agent enhanced the stability of gold-
IgG complexes. The IgG-gold solution was centrifuged at
12,000 x g for 5 min at 4°C. The supernatant was carefully
removed, and the mobile red pellet was washed in 0.01 M
Tris-buffered saline-0.25% BSA (0.01 M Tris, 0.15 M NaCl,
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FIG. 1. (a) Scanning electron micrograph ofX campestris pv citrumelo on a leaf disc sample which has been incubated on a homologous
30- to 40-nm gold-IgG complex. (b) Back-scattered electron (BSE) image (normal polarity) of panel a. Arrows show that gold particles are
evident and well distributed over the bactenial cells. (c) BSE image (reverse polarity) of panel a. Arrows indicate gold particles. (d) Scanning
electron micrograph of X. citri on a leaf disc sample which has been incubated on a homologous 30- to 40-nm gold-IgG complex. Arrows
indicate the EPS matrix. (e) BSE image (normal polarity) of panel d. Arrows indicate gold-IgG particles. (f) BSE image (reverse polarity) of
panel d. A uniform distribution of particles can be seen on the bacterial cell surfaces. Arrows indicate gold particles.
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0.25% BSA, 0.02% NaN3, pH 8.2) and centrifuged at 12,000
x g for 5 min. The resulting mobile red pellet was resus-
pended in 1.5 ml of 0.01 M TBS-0.25% BSA and stored at
4°C. The sizes of gold-IgG complexes were determined by
transmission electron microscopy.

Previously fixed and washed leaf discs were incubated for
15 min on 0.10-ml drops of BSA-Tris (0.1% BSA, 20 mM
Tris, 0.9% NaCl, 20 mM NaN3) buffer containing 1% normal
goat serum, pH 8.2. The leaf discs were blotted on filter
paper and placed immediately on a 0.10-ml drop of a
strain-specific gold-IgG complex diluted 1/10 in a BSA-Tris
buffer and incubated overnight at 4°C. Control leaf disc
samples were prepared by placing leaf discs on a 0.10-ml
drop of a 30-nm gold-labelled goat anti-rabbit IgG diluted
1/10 in a BSA-Tris buffer overnight at 4°C. After incubation,
the leaf discs were rinsed three times on 0.10-ml drops of
BSA-Tris buffer for 5 min each and rinsed three times on
0.10-ml drops of filtered, double-distilled water for 5 min
each. Leaf discs were optionally fixed for 10 min on drops of
1% glutaraldehyde in 0.06 M phosphate buffer, pH 6.8, and
rinsed on drops of filtered distilled water. Discs were dehy-
drated in an ethanol series (10 to 100%) and critical-point
dried. Dried samples were mounted on carbon planchets
attached to specimen mounts and given three coats of carbon
using a Ladd 30802 carbon fiber evaporation unit attached to
a Ladd 30800 sputter coater (Ladd Research Industries, Inc.,
Burlington, Vt.). Specimens were examined with a Hitachi
S-530 scanning electron microscope operating at 20 kV and
equipped with a GW Electronics 113A back-scattered elec-
tron detector (GW Electronics, Inc., Norcross, Ga.).
With the use of SEM and BEI, bacterial cells of X. citri

and X. campestris pv. citrumelo could be identified on leaf
discs when incubated with their homologous gold-labelled
IgG (Fig. 1). With the use of high-resolution BEI with
positive and negative polarity, individual gold-IgG particles
were visualized and well distributed over the bacterial cell
surfaces (Fig. lb, c, e, and f). No particles were observed
attached to E. herbicola or X. campestris pv. pruni when
incubated with either the X. citri or X. campestris pv.
citrumelo gold-IgG complexes. Gold-IgG complexes specific
to X. campestris pv. citrumelo did not attach to X. citri, nor
did complexes specific for X. citri attach to X. campestris
pv. citrumelo on leaf surfaces. Gold particles also were not
visible when X. citri- and X. campestris pv. citrumelo-
inoculated leaf discs were incubated on a control 30-nm goat
anti-rabbit gold-IgG complex.

Incubation of leaf disc samples on strain-specific gold-IgG
complexes at 4°C overnight was found to be superior to
incubation at 37°C for 30 to 60 min. The lower incubation
temperature prevented the gold-IgG complexes from form-
ing patches or caps on bacteria and allowed for more
individual particles to be visualized. For the most part,
gold-IgG complexes of 30 to 40 nm showed better distribu-
tion of gold-IgG particles and remained stable much longer
than did 60- to 100-nm gold-IgG complexes. There was no
indication that postfixation after gold labelling increased the
number of gold particles attached to bacteria.

It appeared that the population of bacteria declined rapidly
after removal of the humidity bags which surrounded the
plants for 24 h. However, X. citri and X. campestris pv.
citrumelo could be positively identified on leaf surfaces by
homologous gold-IgG labels at 7 days postinoculation. X.
citri and X. campestris pv. citrumelo were mostly observed
in anticlinal wall areas of the abaxial side of the leaf and were
embedded in an extracellular polysaccharide (EPS) matrix
(Fig. ld). Gold-IgG labels did not show an affinity for the

EPS matrix, and the back-scattered image showed that most
gold-IgG particles attached directly to the bacteria (Fig. 1I0.
Immunogold labelling coupled with SEM and BEI was

effectively used to detect bacteria on leaf surfaces. The high
levels of contrast obtainable with high-resolution BEI
proved useful in detecting attachment of gold particles to the
bacterial cells. The BEI negative-polarity mode allowed for
the best observation of the gold particles attached to the
bacterial cell surfaces. BEI was also useful in showing
outlines of the bacterial cells, even when a large number of
bacterial cells were encapsulated in EPS.

Phytopathogenic bacteria may multiply and persist as
epiphytes for long periods without producing symptoms.
Weeds can be asymptomatic and overwintering hosts of
several plant-pathogenic xanthomonads (5, 10). Evidence
suggests that these bacteria are part of the natural bacterial
flora. Most previous techniques to locate bacteria on leaf
surfaces have not distinguished among the bacterial organ-
isms present. The results from our study indicate that the use
of direct or indirect immunogold labelling and SEM with BEI
for observing epiphytic phytopathogenic bacteria on weeds
or host plants is practical if specific antisera are available. At
present, we are continuing studies to identify specific patho-
vars on leaf surfaces in mixed inoculations and to determine
the detection limits of this technique. This immunolabelling
technique may also prove useful in early detection of bacte-
ria in the xylem or phloem of infected plants and, possibly,
in studies of the ecology of bacteria and their possible
effectiveness as biological control agents on plant surfaces.
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