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Ring-shaped bodies are found in the nucleus of
acandonia schismatica, a rare plant with the sex-
al organs inverted. They are 0.5-mm-diameter
tructures that present an electron-dense external
ing surrounding a central core. Ultrastructural
tudies indicate that these bodies contain RNA. The
xternal ring is labeled with antibodies against
mall nuclear ribonucleoproteins, suggesting that
hey may be involved in pre-mRNA metabolism. In
he present work we further characterized these
ntranuclear ring-shaped structures by serial-sec-
ioning analysis. Moreover, we tested the presence
f additional molecular elements related to pre-
RNA metabolism, such as SR proteins and

oly(A)1 RNA, using immunoelectron microscopy
nd ultrastructural in situ hybridization. Our re-
ults show that these nuclear bodies are spherical.
hey contain SR proteins involved in splicing and
ostsplicing events and little to no poly(A)1 RNA.
e also found similar nuclear bodies in other plant

nd animal species. Therefore, ring-shaped bodies
n L. schismatica are spherical, highly compartmen-
alized nuclear structures that may be involved in
re-mRNA metabolism. © 2001 Elsevier Science (USA)

Key Words: cell nucleus; Lacandonia schismatica;
uclear bodies; ring-shaped bodies.

INTRODUCTION

Macromolecular domains involved in RNA metab-
lism are found within the mammalian cell nucleus.
n plants, however, the reticulated and the chromo-
entric nuclear structures are described based upon
eterochromatin arrangement. The nucleus of
acandonia schismatica E. Martı́nez and C. H.
amos (Lacandoniaceae:Triuridales), a rare plant
ith an inverted position of the sexual organs (Mar-

ı́nez and Ramos, 1989; Márquez-Guzmán et al.,

989), is reticulated with a novel type of nuclear o

1

article associated with it (Jiménez-Garcı́a et al.,
992; Agredano-Moreno et al., 1994; Agredano-
oreno and Jiménez-Garcı́a, 2000). In addition, the

ucleus of this species also displays ring-shaped nu-
lear bodies.
The ring-shaped bodies of L. schismatica are 0.5–1

m in diameter and they seem to be associated with
he nucleolus, found free in the nucleoplasm, or
ound in close contact with some strands of compact
hromatin (Jiménez-Garcı́a et al., 1992). The central
ore of these bodies may contain ribonucleoproteins
RNPs) (Jiménez-Garcı́a et al., 1992), as suggested
y the preferential EDTA regressive staining of
ernhard (1969), while the external ring is enriched

n snRNPs, as observed by immunoelectron micros-
opy studies (Agredano-Moreno et al., 1994). These
ata suggest a role for these structures in pre-
RNA metabolism as assembly and/or storage sites

f molecular elements involved in the splicing pro-
ess (Agredano-Moreno et al., 1994).

In order to further characterize and to compare
he ring-shaped nuclear bodies found in L. schis-
atica to other known nuclear bodies, we have in-

estigated their three-dimensional organization,
heir molecular composition, and their presence in
ther species by using standard transmission elec-
ron microscopy, immunoelectron microscopy for the
plicing factor family of SR proteins, and ultrastruc-
ural in situ hybridization for RNA and poly(A)1

NA. We show that intranuclear ring-shaped bodies
f L. schismatica are spherical structures that are
nriched in SR proteins in the external ring. Similar
tructures are present in cells of other animal and
lant species. Similarities to other nuclear bodies
re discussed.

MATERIALS AND METHODS

Transmission electron microscopy. Flowers, stems, and roots

f L. schismatica were fixed for 1 h in 6% glutaraldehyde buffered

1047-8477/01 $35.00
© 2001 Elsevier Science (USA)
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2 AGREDANO-MORENO ET AL.
n 0.16 M phosphate (pH 7.2). Postfixation was made in 1%
smium tetraoxide overnight. Samples were subsequently dehy-
rated in a graded series of ethanol and embedded in an epoxy
esin (glycide ether 100, Merck). Thin sections 60–90 nm in
hickness were contrasted with conventional uranyl acetate–lead
itrate. Leaves of the tree Gingko biloba and flowers of the sap-
ophytic plant Voyria aphyla (Gentianaceae: Gentianales) were
rocessed for conventional electron microscopy in the same way.
omato (Lycopersicon esculentum) root tips were processed for
he phosphotungstic acid (PTA) preferential staining of chroma-
in (Vázquez-Nin et al., 1973) by using PTA solution at pH 2.3.
at liver and PtK2 cells were also processed as mentioned above.
or serial-section analyses, thin sections were stained with lead
itrate and uranyl acetate and ribbons were collected on slotted
rids.

Immunoelectron microscopy. Immunoelectron microscopy was
onducted as described (Agredano-Moreno and Jiménez-Garcı́a,
000). Briefly, fragments of flowers of L. schismatica were fixed
ith a mixture of 0.5% glutaraldehyde and 4% paraformaldehyde

or 1 h at room temperature. Lowicryl K4M embedding was
onducted as described (Roth, 1986), and 60- to 90-nm thin sec-
ions were collected on Formvar-coated gold grids. Grids were
oated in Tris-buffered saline (TBS) containing 20 mM Tris (pH
.6), 150 mM NaCl, 20 mM sodium azide, 1.0% Tween 20, 10%
ovine serum albumin (BSA), and 10% normal goat serum for 60
in. Sections were then incubated with anti-SR monoclonal an-

ibody 3C5 (Turner and Franchi, 1987; courtesy of Dr. D. Spector,
SHL), diluted 1:30 in TBS at 4°C for 16 h in a humidified
hamber. Grids were washed for 15 min in TBS and then incu-
ated with goat anti-mouse IgM secondary antibody coupled to
0-nm colloidal gold particles, diluted 1:10 in TBS for 1 h at room
emperature. After incubation, the grids were rinsed for 15 min
ith TBS and for 10 min with water. Finally, samples were

tained with uranyl acetate and lead citrate.

Genomic DNA extraction. Total DNA of L. schismatica was
xtracted according to standard protocols (Sambrook et al., 1989),
ith modifications. Unless otherwise noted, all procedures were
erformed at 4°C. Briefly, plants of L. schismatica (1.32 g) were
rozen in liquid nitrogen and ground to a fine powder in a mortar.
hen, 10 ml of extraction buffer was added (100 mM Tris–HCl,
H 8, 50 mM EDTA, 10 mM b-mercaptoethanol, 1.3% SDS). The
omogenate was incubated at 65°C for 10 min. Then 3.3 ml of
otassium acetate was added, incubated for 30 min on ice, and
hen centrifuged for 45 min at 15 000 rpm. The supernatant was
ltered into a tube containing 10 ml of isopropanol and incubated
t 220°C for 1 h. DNA was collected and transferred to 350 ml of
ilution buffer (50 mM Tris–HCl, pH 8, 10 mM EDTA). Two
icroliters of RNase (10 mg/ml) was added and incubated for 1 h

t 37°C. A second precipitation of DNA was carried out by adding
7 ml of 3 M sodium acetate and 250 ml isopropanol for 2 h at
20°C. DNA was collected, rinsed in 80% ethanol, and resus-
ended in TE (10 mM Tris–HCl, pH 8, 1 mM EDTA). DNA was
tored at 4°C. Total DNA was labeled by nick translation as
escribed (López-Velázquez et al., 1998) and then used as a probe.

In situ hybridization to detect total RNA. The ultrastructural
n situ hybridization protocol was carried out basically as de-
cribed (López-Velázquez et al., 1998). Small fragments of floral
uds of L. schismatica were fixed in 4% paraformaldehyde for 1 h
t room temperature. Lowicryl thin sections (60–90 nm) were
ollected on Formvar-coated gold grids. One microliter of genomic
NA was labeled by nick translation in the presence of biotinyl-
ted dUTP. The reaction was carried out for 4 h at 16°C in order
o obtain fragments of ;125 bp. Ten microliters of this nick-
ranslated probe, 10 ml of formamide, and 1 ml of competitor
scherichia coli tRNA were denatured for 4 min at 90°C and
mmediately chilled on ice. For negative control experiments, no t
robe was added to the hybridization mixture. Hybridization
uffer containing 4 ml of 50% dextran sulfate, 4 ml of 5% BSA, and
ml of 203 SSC was added. Grids were floated on 15 ml of this

ybridization mixture and then incubated in a humid chamber
or 18 h at 42°C. After being rinsed in 43 SSC at room temper-
ture for 15 min, grids were incubated in streptavidin conjugated
ith 10-nm colloidal gold particles, diluted 1:20 in 43 SSC at 4°C
vernight. Grids were rinsed with 43 SSC three times for 5 min
ach, rinsed with PBS three times for 5 min each, and rinsed with
eionized water. Finally, sections were stained with uranyl ace-
ate and lead citrate. Samples were examined at 80 kV with a
eiss EM-10 transmission electron microscope.

In situ hybridization for poly(A)1 RNA. In situ hybridization
o poly(A)1 RNA was performed as described (Agredano-Moreno
nd Jiménez-Garcı́a, 2000). A biotin-labeled oligo(dT) 20-mer
dT)20 (Boehringer) was used as a probe for in situ hybridization
o poly(A)1 RNA. Lowicryl sections were collected on Formvar-
oated gold grids. Grids were floated in 10 ml of the hybridization
ixture containing oligo(dT)20, 23 SSC, 1 mg/ml of tRNA, 10%

extran sulfate, and 25% formamide. For negative control exper-
ments, probe was not used in the hybridization mixture. Hybrid-
zation was performed at 42°C overnight. Grids were rinsed with
3 SSC three times for 5 min each, rinsed with PBS three times
or 5 min each, and rinsed with deionized water. Uranyl acetate
nd lead citrate were used for contrast.

Quantitative analysis. To quantitatively evaluate the labeling
or SR proteins, we estimated the number of gold particles using

1-mm2 grid. Values were represented as the number of gold
rains per square micrometer.

RESULTS

erial-Section Analysis of the Ring-Shaped
Nuclear Bodies of L. schismatica

The serial-sectioning analysis of the ring-shaped
odies of L. schismatica revealed that they are
pherical bodies that can be observed throughout
ve consecutive thin sections 70–90 nm in thick-
ess, which results in bodies of about 0.5 mm in
iameter. The shell is composed of strongly inter-
ingled fibrils surrounding a less dense core of

brils (Fig. 1). It is interesting to note that these
odies are associated with an environment enriched
n Lacandonia granules.

nalysis of the Presence of SR Proteins

Ultrastructural immunolocalization using the
onoclonal antibody 3C5 against SR proteins shows

hat the external ring that surrounds the central
ore is enriched in this family of nuclear proteins
Fig. 2; Table I) and, in some cases, thin fibers that
adiate from them to the interchromatin space show
ntense labeling. Occasionally, the central core pre-
ents weak labeling.

nalysis of the Presence of RNA and Poly(A)1 RNA

When using genomic DNA as a probe to detect
otal RNA in the ring shaped-bodies of L. schis-
atica, we observed labeling in the external ring of

1
hese structures (Fig. 3a). To detect poly(A) RNA,
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3NUCLEAR RING-SHAPED BODIES IN Lacandonia schismatica
e used a biotin-labeled oligo(dT) 20-mer (dT)20 as a
robe. Little to no poly(A)1 RNA was detected in the
ing-shaped structures (Fig. 3b). When some label is
resent, it is associated mainly with the external
ing. In contrast, in the nucleoplasm a strong label is
ssociated with fibers and Lacandonia granules as
reviously noted (Agredano-Moreno and Jiménez-

FIG. 1. Serial-section images of a ring-shaped nuclear body of
. schismatica. The complete structure is included in five consec-
tive thin sections and is embedded within a fibrogranular ma-
erial, close to compact chromatin (c). Uranyl acetate–lead ci-
rate. Bar is 0.5 mm.
arcı́a, 2000). No label was found when hybridiza-
ion experiments were conducted in the absence of
robe (Fig. 3c).

nalysis of the Presence of Ring-Shaped Bodies in
Other Species

We then analyzed the presence of ring-shaped
tructures in other animal and plant species by
eans of conventional electron microscopy. Our re-

ults show that similar nuclear structures are
resent in the primitive tree G. biloba, in the plant
. aphylla, and in animal cells such as rat hepato-
ytes and PtK2 cells (Figs. 4a, 4b, 4d, and 4e). They
ere also observed in tomato (L. esculentum) root

ips (Fig. 4c). For tomato cells we performed prefer-
ntial staining for chromatin using acidic PTA. As

TABLE I
Quantitative Analysis of the Labeling for SR Proteins in

Nuclear Compartments

Nuclear compartment Gold grains/mm2

hromatin 19 g/mm2

nterchromatin region 325 g/mm2

xternal ring 250 g/mm2

nternal core of the ring 0 g/mm2

FIG. 2. Immunoelectron microscopy of SR proteins in a ring-
haped body of L. schismatica. Dense labeling is observed in the
xternal ring of this structure (arrow) and in fibrils and granules
n the surrounding nucleoplasm (arrowheads). c, chromatin. Bar
s 200 nm.
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4 AGREDANO-MORENO ET AL.
or L. schismatica using anti-DNA antibodies (Agre-
ano-Moreno et al., 1994), we observed that these

FIG. 3. Ultrastructural in situ hybridization to detect RNA in a
ing-shaped nuclear body of L. schismatica. (a) Total RNA. The exter-
al dense ring and surrounding nucleoplasm are labeled. (b) Poly(A)1

NA. Some gold particles are associated with the external shell of the
ody while intense labeling is observed in the nucleoplasm. (c) Negative
ontrol. No probe was used. c, chromatin. Bars are 200 nm.
tructures do not contain DNA (Fig. 4c). s
FIG. 4. Electron micrographs of ring-shaped bodies in other
lant and animal cells. The tree G. biloba (a), the saprophyte V.
phylla (b), tomato (L. esculentum) (c), marsupial P. tridacty-
us-apicalis (PtK2) cells (d), and rat (Rattus norvegicus) hepa-
ocytes (e). (a, b, d, e) Uranyl acetate–lead citrate; (c) PTA

taining. n, nucleolus. Bars are 0.5 mm.
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5NUCLEAR RING-SHAPED BODIES IN Lacandonia schismatica
DISCUSSION

he Ring-Shaped Bodies Are Spherical Bodies

In the present work we performed serial-section-
ng analysis of the ring-shaped bodies of L. schis-

atica in order to investigate whether they are
pherical or cylindrical structures. Our results
learly show that these structures are spherical bod-
es that comprise an external ring of strongly inter-

ingled fibers surrounding a central core of fibrils
nd granules. Although the structure is about 0.5
m in diameter for a medial section, they should be
onsidered spheres. Therefore, since the volume for

sphere is defined as V 5 4
3 pr3, this structure

ould be about 0.07 mm3, with a maximum diameter
f 0.5 mm. A similar structure was previously de-
cribed in animal cells using a serial-sectioning ap-
roach. In fact, Ochs et al. (1995) found that ring-
haped nuclear bodies of roosters induced by
timulation with estrogens were also spherical bod-
es of about the same size. It is tempting to speculate
hat both structures may belong to a class of nuclear
odies with a similar function in plant and animal
ells.

he Ring-Shaped Bodies of the Plant L.
schismatica Contain SR Proteins

The functional role of the ring-shaped bodies in
he nucleus of L. schismatica is unknown. The pres-
nce of SR proteins, a family of proteins involved in
plicing and postsplicing events (Manley and Tacke,
996), found in this study and the presence of
nRNAs (Agredano-Moreno et al., 1994) suggest that
hey may play a role in the processing of pre-mRNA
uch as in the assembly, transport, and/or storage of
he molecular elements involved in the splicing pro-
ess.

It is interesting to note that almost all molecular
lements identified to date in the ring-shaped bodies
f L. schismatica are located in the external ring.
he central core of these structures contains ribo-
ucleoproteins (Jiménez-Garcı́a et al., 1992; Agre-
ano-Moreno et al., 1994), although the EDTA re-
ressive staining (Bernhard, 1969) is not specific but
referential for RNPs. Little to no SR protein is
resent, however.

he Ring-Shaped Bodies Contain Little to No
Poly(A)1 RNA

While RNA was detected in ring-shaped struc-
ures of L. schismatica by in situ hybridization using
enomic DNA as a probe, little to no poly(A)1 RNA
as associated with the external ring when ana-

yzed by using a specific probe. These results, how-

ver, do not rule out the possibility that the ring-
haped structures may contain factors involved in
he 39 end processing of pre-mRNA. In a previous
ork, the EDTA regressive method for RNP stained

he central core. However, this method also may
tain only structures containing proteins as sug-
ested by the absence of label for RNA as observed
y the absence of phosphorus (Hendzel et al., 1999).

ing-Shaped Bodies Are Present in Other Plant
and Animal Cells

To date, intranuclear ring-shaped bodies have
een observed in normal animal and plant cells
Jiménez-Garcı́a et al., 1992; Grande et al., 1996),
ssociated with viral infections (Puvion-Dutilleul
nd Puvion, 1991), under pathological conditions
Popoff and Stewart, 1968; Dyck et al., 1994), and in
issues stimulated by hormones (Brasch et al., 1989;
chs et al., 1995). A random search of structures of

his kind in other plant and animal cells indicated
hat they may be present in a more widespread
istribution than previously thought. Although the
eneral structure is conserved in the different spe-
ies studied, there are differences in the size, in the
ompaction grade of the outside ring, and in the fine
tructure of both the external ring and the central
ore. The presence of these structures in diverse
lants such as the saprophytic plant V. aphylla and
n the dicotyledon L. esculentum supports the notion
hat they may be present in many eukaryotes. It is
oteworthy that even the primitive plant G. biloba
isplays such structures. Additionally, we have ob-
erved ring-shaped bodies in marsupial animal cells,
uch as the cell line PtK2, and in rat hepatocytes,
hich may have a different composition since the
ltrastructure seems to display some differences,
uch as in the compactness and width.
Based on our ultrastructural data, including se-

ial sectioning, immunoelectron microscopy, and ul-
rastructural in situ hybridization, we conclude that
ing-shaped bodies in L. schismatica are spherical
tructures that contain RNA and SR proteins. The
resence of ring-shaped structures in other plant
nd animal species suggests that they may belong to
class of a more general nuclear bodies that predate

he origin of plants and animals. However, whether
hey are homologous structures or not remains to be
lucidated.

We thank Dr. D. Spector (CSHL) for providing 3C5 antibody.
his work was supported by CONACyT 28002N, México.
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