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Abstract

Colloidal goid is a very exlensively used label tor
light and eleciron microscopy and its advantages
opposite fluorochromes are well known. However, it
is difficult to resclve by optical microscopy without
silver enhancement procedures. The techniques
described herein provide for the detection of
immunogold labeled plant viruses using laser scanning
confocal microscopy in reflected signal detection
mode. Antibody-conjugaled colloidal gold particles
observed by reflected laser light signals were localized
in either Lissues of lettuce infectious yellows (L1YV)
and maize siripe viruses-infected plant samples or
LIY V-infected proloplasts and coincided with
immunolabeled areas observed by transmission and
scanning electron microscopy. The technique permits
visualization of gold labeling avoiding silver
enhancement on semithin sections and resin blocks;
however, in some cases. other reflected light signals
can interfere. This technique could be useful as a
complement o, or alternative for immuno-¢lectron
microscopic studies.

KEYWORDS: [GL, LSCM, Plant Viruses, Reflecled
Signal Detection Mode. SEM-BSE, TEM,

Introduction

The advantages of colloidal gold opposite fluorochromes
are numerous in immunohistochemical studies: a) it is more
stable; b) it sends out stronger and more permanent signals:
¢) 1t has a greater penctration capacily into scctions, provi~
ding three dimensional reconstruction possibilities: d) it in-
creases the possibilines for multiple labeling studies; e} it
does not produce fluorescence bleaching. a principa) fluo-
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rochrome hmitation, and {) the possible autofluorescence of
(issue does not interfere with the labeled image (7, 14, 13,
18.19). However the tiny size of gold particles makes therr
resolution by optical wavelengths very difficult, and it is usu-
ally necessary 1o improve the labeling by silver enhance-
menl. Irregardless. based on its technical advantages and
better senstitivity and performance, some authors assume that
colloidal gold labeling with siiver enhancement is cven bet-
ter than other alternatives as immunofluorescence for hight
microscopy (22, 25).

Several fluorochromes are widely used with good results
in plant immunochemical and/or histochemical studies (4,10,
20, 21). Hoveever, strong autofluorescence of some plant tis-
ques can be a problem using some fluorochromes. 11 these
cases colloidal gold labeling alone and/or wath some kind nf
enhancement could be an alternalive techinique. The colloi-
dal gold particles are able 10 scalter photons in characleristic
ways and it 1s possible 1o localize them using conventional
microscopy. dark-ficld ar contocal microscopy by capturing
the light reflected by the gold panicles (6). Colloidal gold
imiging tn the reflectance mode has begun 1o replace Huoro-
chromes for non-isotopic detection systems, for example. for
i sinhybridization techniques (14, 13).

Laser scanning confocal microscopy (LSCM) is a ech-
nigue that allows obtaining high resclution and high con-
trast information {Tom single confocal sections. Because of
the advantages of confocal microscopy. we have tested (he
possibility for detection of antibody-conjugated collordal
gold particles used for immunogold labeling (IGL Y. by using
laser scanning confocal microscopy (L.SCM) in the reflec-
tance signal detection mode. Comparison of the proposcd
I.SCM method with a standard fluorochrome labeling was
also performed in order to localize plant viruses in resin
embedded infected plant samples. The IGL. was carried out
either on resin blocks and sections fsom them, of embedded
plant virus-infected tissues. We used two viral infection
models that we have studied extensively for several years:
Lettuce infectious yellows crinivirus (L1Y V) mfecting spe-
cifically phloem cclis (8. 9). and Maize stripe lenuivirus
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(MStV) which induces the formation of abundant amorphous
semi-electron-opaque inclusions bodies (ASO) visible in
mesophyll cells (1,11). In the LIYV case we also tested the
technique on RNAl-inoculated protoplasts not-expressing
the coat protein (CP) of LIYV, and RNAT+RNA2-inocu-
lated protoplasts, expressing LIYV-CP (13, 17). The use of
this technique as a previous step before immuno-
electronmicroscopy procedures is discussed.

Materials and Methods

Plant material, protoplasts and antisera

Healthy and infected leaves of lettuce (Lactuca sativa
L..cv. Summer Bibb) and tobacco (Nicoriana benthamiana
Domin) plants, mock-inoculated and LTY V-RNA-inoculated
(RNA 1 or RNAI+RNA2) tobacco mesophyll protoplasts
(17}, together a specific polyclonal antiserum against the
LIYV capsid protein (LIYV-CP-As) (13) were used to lo-
calize LIYV antigens. The plant tissue (small pieces 1x10
mm of leaf), and protoplasts collected by low speed cen-
trifugation, were embedded at low temperature in LR White,
medium grade (London Resin White, Hants, UK) according
to Wells' protocol (26). For analysis of MStV, healthy and
infected leaves of maize (Zea mays L.), processed as above,
and using a specific polyclonal antiserum against MStV non-
capsid protein (MSIV-NCP-As) which specifically labels
ASO inclusion bodies (10) were used.

Immunolabeling and confocal microscopy

Semithin sections (2-2,5 tum) of embedded samples (blocks)
were obtained using an ultramicrotome (Reichert, Ultracut).
Every section was deposited on a distilled water drop on a
gelatinized slide, and dried at room temperature. Because the
sectioned side of the blocks were to be treated as well, the
opposite side was stuck on a slide to facilitate the subse-
quent manipulation and posterior observation.

The incubation was conducted as follows: 11 ane hourin
blocking buffer (10 mM Tris-HCL, pH: 7,4; 150 mM NaCl;
1%BSA: 0.05% Tween 20) at room terperature, 2) three hours
with specific antisera diluted n blocking buffer (1:100) at
room temperature, 3) 0,5 hour with blocking buffer at room
temperature, 4) one hour with a secondary antiserum, 30nm
gold conjugated 1gG goat anti-rubbit (BBInternational,
Cardiff, UK) or rhodamine conjugated F(ab)’, anti-rabbit
{Boehringer, Mannheim GmbH, Germany) diluted in block-
ing buffer (1:20) at room temperature. Disulled water washings
were done at every change.

The shides containing sections were mounted with cover
slips and Fluoromount-G (Electron Microscopy Sciences,
USA). The blocks were observed directly with 60x/1.4 NA
oil-immersion objective lens.
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LSCM {LSM 310 - Zeiss) observations were performed
employing different lasers and filter combinations. Reflected
Jight (RL) from colloidal gold labeling was detected using
He/Ne laser (A =3543nm) without any filter following Cogswell
et al. (5). Fluorescence of rhodamine labeling (FL) was ob-
served with the same laser but using a BP filter (575< A
<640nm) following the supplier instructions. Samples were
also analyzed using transmitted light (TL) and the same mi-
croscope, To detect the autofluorescence signals (AF),
samples were excited by an Ar laser (A = 488nm) and the
signal was detected using a LP filter (A > 343nm). Al LCSM
images proceeded from single confocal optical sections.

Immuno-electronmicroscopy

In order to confirm and verify the efficacy of LSCM for
detection of immunogold labeled particles, serial ultrathin
sections obtained from the same blocks were immunogold
labeled using 10nm gold. After standard contrasting (urany|
acetate) and staining (lead citrate) the ultrathin sections were
observed using transmission electron microscopy (TEM: EM
910, Zeiss). Moreover, the block surfaces containing bio-
logical material were also immunogold labeled with 30nm
gold particles. After coating with evaporated carbon the block
surfaces were observed using scanning electron microscopy
operated in back-scattered electron (SEM-BSE) detection
mode. The BSE detector records discriminatory differences
in atomic number of the target, and features composed of
heavier elements such as gold partcles, will appear brighter
than will those of lighter composition, such as the organic
matrix. This SEM-BSE detection of immunogold particles
were performed after Ascaso er al. (2) and Ascaso er al. (3)
using DSM 942A (Zeiss) equipped with BSE solid state
detector.

Results

Confocal microscopy in reflectance signal detection mode

L1IYV-infected lettuce and tobacco tissues showed RL
signals in phloem cells (Figs. 1B, 1F and 2B). These were
not observed in healthy samples (Figs. 1D, 1H and 2D). In-
tense RL signals were also sometimes detected 1n non-
phloem tissues of both healthy and infected specimens and
either sections (Figs. 1B, 1D, IF and 1H) or blocks (Figs.
2B and 2D). However, most of these intense RL signals co-
incided with wrinkles, crumples, stripes and others defects
present in these specimens as can be identified from obser-
vation of the TL images.

Protoplasts inoculated with LIYV-RNA 142 showed RL
signals in cytoplasm (Fig. 3B). These signals were not de-
tected from neither LIYV-RNA I -inoculated protoplasts (Fig.
3D) nor mock-inoculated (not showed), although intense RL
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signals related with defects of sections were observed jn all
specimens.

RIL. signals were locabized in mesophyll and parenclryma
cells containing ASO inclusion bodies for MStV-infected
maize samples (Fig. 4B). The ASO inclusion bodies can be
visualized in TL images (Fig. 4A). Healthy samples did not
show similar RL signals (IFig. 4D). However, in both cases,
intense signals were seen for both healthy and infected tis-
sues but were assaciated with different observable defects
as can be seen in TL images. [nfected samples (sections or
btocks) without IGL were also observed to determine if ASO
inclusion bodies alone could produce RL signals. These
observations did not show RL signals from ASO bodes.

Confocal immunofluorescence

There were no detectable differences between the fluo-
rescence labeling of healthy and infecled tissues using
rhodamine. Tt was not possible to distnguish these tissues
even when subtracting part of the natural autofluorescence,
or though modifying conirast and brightness paramelers.

Immuno-electronmicroscopy

IGL. of ultrathin seciions allowed us 10 confirm the source
of the RL signals observed by LSCM. LIYV infecied plant
tissue showed the cytoplasm of phloem cells o be specifi-
cally labeled (Fig. 5). A low level of labeling was localized
on chloroplasts of 1.IY V-infected tobacco tissue and non-
specific labeling of wracheids was observed in both healthy
and LIY V-infected tissue of lettuce and tobacco (not shown).
IGL was lecalized in the cytoplasm containing filamentous
particles of LIYV-RNA 1 +2-incculated protoplasts only (see
17)

Labeling was specifically localized to mesophyll and
parenchyma cells containing ASO inclusions of MStV-in-
fected samples (Fia. 6). Neither infected tissue without ASO
nor healthy maize showed deteclable IGL.

L1Y V-infected samples showed BSE signals in phloem
cells and, in the case of infected tobacco samples, were also
observed in chloroplast (not shown). ASO inclusion bodies
of MStV-infected samples showed BSE signals (Figs. 7A
and B). Healthy maize did not show these signals (Fig. 7C).

Discussion

To use LSCM in reflectance. Cogswell er al. (5): Cogswell
(6) and Linares-Cruz er al. (15) advise 1o compare very care-
fully infecied samples with healthy controfs to distinguish
authentic IGL-RL signals from others. According to Cogswell
et af. (5) this comparison is difficult because some organclles,
cellular structures and other cellular particles produce RL
signals when plant tissues are examined with different wave-
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lengths, due 1o the Rayleigh scattering phenomenon. Per-
haps Diis phenomenon is interfering in some of the images
obtained in our study. Virus-infected plant cells exhibit many
changes due to viral infection including crystals, disruption
of organelles, and other alterations, all of which can produce
RL even in the absence of IGL. These can be difficult 0
distinguish from reflectance due to the presence of gold par-
ticles and IGL. Obviously the level of discrimination/resolu-
tion of this technique is closely related with the abundance
of labeling, as accurs with many other used labeling tech-
niques.

Furthermore. additiona? distortion and reflectance can
result from defects and imperfections n tissues resulting
from specimen manipulation. However in this case the su-
perposition of RL and TL signals helps to readily distin-
guish and identify RL resulting from gold particles asso-
ciated with [GL. Thereflore, it is very important o avoid
wrinkles, crumples and holes in semithin sections. and im-
purities of restn of blocks in order to get clear images.

LSCM can generate clear thin oplical section images
lotally free from out-of-focus signals thereby permitting
localization of RL signals and reproduction of plant tissue
(TL signals) without additional manipulation. as reported
[noue (12). However. when using whole blocks, the required
optical sectioning incorporates scattered photons resulting
from the defects present in the resin and the rest ofthe speci-
men (Fig. 2).

Rhodamine 1s employed in many immunolabeling stu-
dies of plants and AIF and FL signals to identify its location
within cells (16). In our case. we were not able to differen-
tiate between AF and FL of rhodamine labeling in maize.
lettuce and tobacco samples. This is because the FL signals
are really composed of AF and FL rhodamine signals. as
has been shown by McCormac er af. (16). and 1t is very
difficull to separate them with the filters used. When
rhodamine labeling is observed, intense AF signals are ga-
thered and are somclimes more intense than those due 1o
rhodamine. These authors state that some L.SCM parameter
modifications allow detection of less intense AF signals in
order to more easily identify flucrochrome labeling. How-
ever. the plant AF spectrum includes rhodamine and thus it
can not be separated. So, according 1o Slavik (23) the basic
requirement to use fluorochromes is not followed. because
it is necessary that both AF and fluorochrome signals be
distinguished. A possible solution that would allow loca-
lization of thodamine labeling would be to eliminate plant Al
through chemical (23) or dye treatments (24) or perhaps by
using other filters. Howcver. these allernatives have not been
followed. Alternatively, the use of other fluorochromes could
avotd these problems, but this was not the objective of our
study.

One limitation of the use of LSCM observations is that il
allows detecting different kinds of signals, but theze recetved
signals are constrained. Microscope parameters can be used
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1o detect low intensity signals, but by changing these pa-
rameters 1t is also possible to obtain high quality images, for
example, by madification of the pinhaole aperture, By this,
gold particles would have their strongest scattering peak in
the green portion of the spectrum (550 nm) (6), but the images
would not show the actual intensity observed because other
smaller particles present in the specimen could scatter at the
same portion of spectrum. Thus, when intensity is increased,
it is not possible to determine which are the real IGL-RL
signals, It is not often possible to reproduce observations
with the sume parameters because LSCM automatic para-
meters fix later observation conditions and every sample has
different characteristics.

This work shows that LSCM 1n reflectance mode allows
detecting viruses and 1GL specifically in plants or proto-
plasts. It was observed that plant autofluorescence does not
interfere with reflected light signal generated by colloidal
gold. It also was shown that the visualized RL signals were
localized in the same regions observed with TEM and SEM-
BSE techniques. This light microscopy technique detects
the reflected light from the gold particles. Obviously the
signals from gold could be amplified by silver enhancement
but they are sufficiently clear without further enhancement.
This technique as described or enhanced with silver could
be very useful as a complement and/or alternative 1o TEM
or SEM-BSE observations. In the case of issues with a com-
plex organization and structure, LSCM techmgques would
allow a preliminary labeling location and facilitate identifi-
cation of sites to be chosen for TEM observation, Detection
of specific immunogold-labeled regions on biological ma-
terials such as block surfaces could significantly facilitate
efficient subsequent ultrathin sectioning to only areas of in-
terest for TEM examination. Our future studies based on
LSCM detection of immunogold colloidal particles will in-
valve attempts to localize viruses in their insect vectors. The
LSCM technique described hercin could greatly facilitate
IGL localization of plant viruses within the complex inter-
nal anatomy of insects vectors.
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Figure 1. LSCM images of immunogold
labeled semithin sections of leltuce
infactious yellows crinvirus (LIYV)-

intected (A-B, E-F] and healthy (C-D,
G-H) lelluce (A-D) and tobacco (E-H)
leaves. Left! transmitled ligh! images.
Right: corresponding relfecled light
Signals images; (m: mesophyll; ph.
phloem; x. xylem. Bar: 32.90 um
instead of m in all the figures; gold
particle size; 30 nm).
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Figure 2 LSCM images of immunogold
labeled resin blocks of leltuce infechous
yellows crninivirus (LIYV)-infected {A-5)
and healthy {C-D) lettuce leaves Len:
transmitted hght tmages. Right.
conesponding reflected light signals
images; (& epidermys, m: mesophyll; pn,
phloem; x: xylem. Bar: 32,10 um, gold
particle size: 30 nim).

Figure 3. LSCM
images of
ITIMUNOgeid
jabaled semithin
secfions gt
leltuce infechous
yellows crinivirus
(LIYV}Iinoculated
protoplasts, LIYV-
RNAT+2 (A-B;
and LIYV-FRNAT
(C-D). Lett.
lranseitted light
images. Fight:
corresponding
reflected hght
Signals images;
(Bar ' 32 um;
gold particie
size: 30 nm;.
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Figure 4. LSCM wnages of immunog
iabeled senithin sections of infected [A-
8) and healthy (C-D) | leaves, Leff.

fransmitted light images. Right:
corresponding reflected light signals

images; (e: epidermis; m: mesophyll; vi;

vascular issue. Bar: 23 um, gold
particle size: 30 nm).
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Figure 5. TEM images
of immunagald labelad
ullrathin sections of
letluce intectious yellows
crintvirus-infected
lettuce (£) Lettuce
phicem ceils. (B} Detail
of the lower cell of hg. A,
Infected companion cell
showing plasmalemma
deposits and
immunogald fabeled
cytoplasm. (C
companion celi: PC
plasmalemma deposis;
PhP: phioem
parenchyma cell; S:

y 3 pum; B=0.91 um;
gold particle size' 10
nm)




Figure 6. TEM image of immunogold labeled
ultratyn section al maize stnpe tenuivirus
(MStV)-maize nfected jeave. Cell showing
specific immunogold labeling of amorphous
sen-eleclron opaque (ASC) inclusion biodres.
(Bas. 11 um; gold parti :le size. 18 nm).

Figure 7. SEM-BSE tmages of immunogold labeled surfaces of resin blocks of maize siripe lenuivirus (MSIV)-inlected (A-B) and
healthy (C) maize leaves Immunogold labeling in amorphous semi-efectron opaque (ASO) inclusion (A and Bj: (Bars: A=10 um; B=5 m,

gold parucle size: 30 nm).
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