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ABSTRACT Antigens associated with mammalian centromeres were localized at the light and electron
microscopic levels using the peroxidase-labeled antibody method. The antibody used was of a type
naturally occurring in the sera of patients with scleroderma. At the light microscopic level, it reacts
specifically with the centromere regions of chromosomes in a variety of mammalian species and
strains in discrete foci in interphase nuclei. We find that the number of foci approximates the number
of chromosomes present in the various cell types. At the ultrastructural level, the antigenic foci are
confirmed to lie in the kinetochore regions of each chromosome. In interphase nuclei, the antigenic
foci were usually associated either with the inner surfaces of the nuclear envelope or with the nucleoli.
These observations indicate that the centromere regions of the chromosomes in interphase are not
randomly distributed within the nucleus but are usually fixed either to the inner surface of the nuclear

envelope or to nucleoli.

In the past several years, the morphology of kinetochores
(centromeres), especially in relation to microtubule assembly
on mitotic chromosomes (12-15, 18), and the significance of
kinetochores as the site of initiation and formation of chro-
mosomal microtubules have been well established. Except for
their association with tubulin (12) and RNA (14), the precise
molecular components of kinetochores are still poorly defined.
Several microscopic studies on serial sections of interphase
nuclei in plant cells have described centromeres as loose,
fibrillar, spherical formations in the nucleus (1, 7, 9). The
location of the centromeres during interphase varies from
report to report: some reports suggest association with the
nuclear envelope (3, 17) and some do not (1, 7, 9). In animal
cells, the association of kinetochores with the nuclear mem-
brane has been suggested by autoradiography at the light
microscopic level (5). However, the lack of a specific means for
the detection of centromeres in interphase cells prevented
analysis of these organelles, especially in animal cells.

The discovery of naturally occurring antinuclear antibodies
(ANA) of multiple specificities has provided new tools for
immunocytochemical investigation of the cell nucleus (16).
One of these ANA, anticentromere antibody, was reported
recently from this laboratory (10), and the specificity of this
antibody was characterized at the light microscopic level by
immunofluorescence techniques. This antibody specifically re-
acted not only with the kinetochore region on mitotic chro-
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mosomes but also with discrete foci in interphase cell nuclei of
several mammalian species.

To elucidate more precisely the location of kinetochores,
especially in interphase cells, we employed an immunoelec-
tronmicroscopic method in this study.

MATERIALS AND METHODS
Sera

Serum from one patient (MB) with scleroderma was selected because of its
monospecificity for centromere antigen as judged by the staining pattern on
indirect immunofluorescence. Antisera with specificity for other nuclear antigens
(histones, nuclear ribonuclear protein (RNP), and nucleoli) and normal human
serum (KM) were used as controls (16).

Both normal and autoimmune sera were depleted of complement by heating
to 56°C for 30 min and were used at a dilution of 1:1024 for the light and electron
microscopic studies. Fab’ fragments of IgG were prepared by pepsin digestion
).

Cultured Cells

A human B lymphoid cell line (Ramos) was maintained in suspension in 200-
ml tissue-culture flasks (Comning Glass Works, Corning, N. Y.) in minimal
essential medium (Flow Laboratories, Inc., McLean, Va.) supplemented with
10% fetal calf serum, vitamins, L-glutamine, nonessential amino acids, antibiotics,
and sodium pyruvate.

Chinese hamster ovary cells (kindly provided by Dr. F. T. Kao, Eleanor
Roosevelt Institute for Cancer Research, University of Colorado) were grown as
monolayers in 60-mm plastic tissue-culture dishes (Falcon Labware, Div. of
Becton, Dickinson & Co., Oxnard, Calif.) in minimal essential medium supple-
mented as described above.
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FIGURE 1

Light microscopic localization of kinetochores showing focal nuclear staining of interphase Ramos cells. (a) Cells

reacted with human anticentromere serum followed by FITC-labeled goat anti-human 1gG. (Note the staining present on the
chromosomes of a ruptured mitotic cell in the lower portion of the figure.) (b) Cells reacted with human anticentromere serum

followed by HRPO-labeled rabbit anti-human I1gG.

Peroxidase-labeled Antibody Technique

The localization of centromere antigen was accomplished using the horseradish
peroxidase (HRP)-labeled antibody technique developed by Nakane and Pierce
(11) for light and electron microscopy.

For light microscopy, cell suspension were washed three times in balanced salt
solution (BSS), resuspended in BSS, and centrifuged onto glass slides using a
cytocentrifuge (Shandon Southern Instruments, Sewickley, Pa). The slides were
dried at 37°C for 30 min, fixed for 15 min in periodate-lysine-paraformaldehyde
(PLP) fixative (8), incubated with sera for 2 h, washed in BSS, and then treated
with the HRP-labeled antiserum for 2 h.

The slides were then immersed in DAB solution (0.02% 3,3’-diaminobenzidine,
0.005% H20, in 0.05 M Tris-HCI buffer, pH 7.6). After washing, the slides were
dehydrated in graded ethanols and xylene and mounted. In the case of CHO
cells, the cells were detached from culture dishes by gentle trypsinization and
immediately washed in culture medium once and in BSS twice. In some cases,
the cells were fixed with PLP before detachment. All subsequent procedures were
the same as those described above.

The HRP-labeled antibody method was compared with indirect immunoflu-
orescence using the same incubation and washing times. Chromosomal spreads
for light microscopy were prepared as previously reported (10).

For electron microscopy, suspensions of Ramos cells were washed three times
in BSS by centrifugation at 800 rpm for 5 min, suspended in PLP at a concentra-
tion of 3 X 10° cells/ml, and 0.1 ml of this suspension was cytocentrifuged onto
glass slides coated with 0.1% polylysine in PBS using a cytocentrifuge. After
centrifugation, the slides were removed and immediately placed in PLP for 1 h
without allowing the cells to air-dry. The fixed slides were washed three times for
10 min in BSS containing 10% sucrose and incubated with diluted sera or Fab’
fragments for 12 h in a wet box at room temperature. After incubation with the
primary antibody, the slides were washed three times in BSS-10% sucrose for 10
min each, and the slides were then incubated with HRP-labeled rabbit Fab’ anti-
human immunoglobulin for 3 h. The slides were again washed three times in
BSS with 10% sucrose and fixed in 2% glutaraldehyde in BSS for 30 min. After
three washes in BSS with 10% sucrose, the slides were immersed in DAB solution
without hydrogen peroxide for 30 min and then immersed in the same solution
supplemented with 0.005% hydrogen peroxide for 10 min. The slides were washed
and incubated with 1% osmium tetroxide in PBS for 1 h, dehydrated in graded
ethanols, and embedded in Epon-Araldite. Ultrathin sections were prepared and
examined with a JEM 100B electron microscope at 60 kV. Each stained kineto-
chore was scored as being associated with nuclear envelope, associated with
nucleolar material, or free-floating in the nucleoplasm on electron micrographs
of all cells that were sectioned through the nucleus.

RESULTS
Light Microscopy

Compared with immunofluorescence staining (Fig. 1 a), the
HRP-labeled antibody method gave a similar staining pattern
for centromere antigen (Fig. 15). On chromosomal spreads,
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FiIGure 2 Histographs of number of antigenic foci counted per
interphase nucleus and number of chromosomes counted per mi-
totic cell. The number of antigenic foci were determined by counting
the foci in each cell which has been stained immunohistochemically
with the peroxidase-labeled antibody method. Chromosome counts
were made using cytocentrifuge preparations of cells which have
been arrested at metaphase by 0.05 ug/ml colcimid. Solid black bars
are antigenic foci. Diagonally striped bars, are chromosomes.

the staining was localized to the centromere region of each
chromosome and consisted of a pair of spherical structures,
presumably the kinetochores. On interphase cells, roundish
discrete foci were seen distributed evenly throughout the nu-
cleus. None of the control sera showed this staining pattern,
and normal human serum produced no staining at this dilution.
The number of foci were counted under the light microscope
in 30 interphase cells and compared with the mean chromo-
some counts for the cell in question (Fig. 2). On Ramos cells,
the number of foci ranged from 24 to 47 (mean = 34.4),
whereas the mean chromosome number was 43.3. On CHO
cells, the number of foci ranged from 16 to 29 (mean = 19.4),
whereas the mean chromosome number was 20.5. The size of
these foci was uniform in CHO cells; however, in Ramos cells,
some foci were larger than others.
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FIGURE 3 Electron micrographs of mitotic Ramos cells. (&) Control cell reacted with normal human serum. (b) Stained cell reacted
with human anticentromere serum. (¢) Higher magnification of the boxed area in Fig. b. ch, chromosome, and k, kinetochore.

TaABLE |
Location of Antigenic Foci in the Nucleus

Number of antigenic foci

Number of Adjacent
cells nuclear Adjacent Free in nu-
examined  Total envelope nucleolus cleoplasm
% % %
Ramos 50 194 100 (57) 79 (41) 15 (8)
CHO 25 67 28 (42) 16 (24) 23* (34)

* |n two of the nuclei counted (which contained a total of nine stained foci
free in the nucleoplasm), nuclear pores were prominent in the nuclear
envelope, which suggests that the plane of section was near the surface of
the nuclei. If these nine foci were counted as adjacent to the nuclear
membrane, the results would be 55, 24, and 21% of the foci adjacent to the
nuclear envelope, adjacent to the nucleolus, and free in nucleoplasm,
respectively.

Electron Microscopy

On sections of mitotic human B cells (Fig. 3), staining was
observed in the kinetochore region of the chromosomes. In
interphase cells, more areas of staining adjoined the nuclear
membrane or associated with nucleoli. Over 90% of the stained
areas in Ramos cells and approximately two-thirds of the
stained areas in CHO cells were found to be associated with
either the nuclear envelope or nucleoli. Some of the stained
areas scored as being free in the cytoplasm may have been
associated with either nuclear membrane or nucleoli, particu-
larly in those nucleoli tangentially sectioned near the surface
(Table I). In Fig. 4 there are three areas of staining adjacent to
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the nuclear membrane and two associated with a nucleolus.

At higher magnification (Fig. 5), these areas of staining
appeared as rounded structures lying against the inner surface
of the nuclear membrane. The nuclear membrane interspace
was well preserved at the points of kinetochore attachment.
Many areas of staining associated with the nucleolus appeared
to be on or near the surface of the nucleolus.

DISCUSSION

This investigation reinforces the usefulness of naturally occur-
ring antibodies which are directed against particular cellular
components. One such antiserum which appeared to react with
the centromere region of metaphase chromosome was indeed
found at the ultrastructural level to react with the kinetochore
region of the metaphase chromosome. In the interphase nuclei,
the antibody reacted with well-defined foci which were usually
located near or on the surfaces of nucleoli and the inner surface
of the nuclear membrane.

When the number of antigenic foci were counted in whole
interphase cells at the light microscopic level, the mean number
of foci observed was less than the mean chromosome number.
This discrepancy was small in cell lines having a low chromo-
some number (19.4 vs. 20.5 for CHO) and increased markedly
as the chromosome number increased (34.4 vs. 43.3 for Ramos).
The reason for the discrepancy could be due to the inaccuracy
of counting resulting from either two foci adjacent to one
another being counted as one, or else the overlapping of two or



FIGURE 4 Electron micrograph of interphase CHO cell. Note the localization of kinetochore antigen along the nuclear membrane
and near the surface of nucleoli.
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FIGURE 5 Electron micrograph of an interphase CHO cell. Arrows indicate the kinetochore regions of interphase nucleus.
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more foci, rather than the dissolution of some kinetochores in
interphase. Nevertheless, regardless of the reason for the dis-
crepancy, the observation suggests that many, if not all, kinet-
ochore regions remain intact throughout the cell cycle. The
association of kinetochore regions with nucleoli during inter-
phase is in agreement with the reports (2, 6) that the nucleolar
organizer regions are situated adjacent to the centromere (ki-
netochore) on human chromosomes. It may be speculated that
the centromeres of chromosomes with nucleolar organizer re-
gions remain associated with the nucleolus during interphase.
The association of the kinetochore region with the inner surface
of the nuclear membrane suggests that during interphase the
chromatin is bound at these sites and that the kinetochore may
play an important role throughout the cell cycle. It is of interest
to determine whether or not a particular chromosome becomes
attached (associated) to a particular area of the nuclear mem-
brane. The behavior of the kinetochore region during the cell
cycle has not yet been fully explored, and questions concerning
the point in the cell cycle when the duplication of centromere
regions takes place remain to be answered. The chemical
composition of the antigens presented in this study has not
been fully established although preliminary studies have sug-
gested that it is protein in nature (10). The number of antigens
recognized by this antiserum has not been established. How-
ever, a remote possibility exists that different antigens are
recognized at different stages of the cell cycle. If this is the case,
the different antigens must be present in tandom as antigen
foci in nuclei because no interruption or change in the staining
pattern is observed during the cell cycle. The discovery of
antibodies against various cellular components in autoimmune
diseases is encouraging and should enable one to study further
the immunochemical composition and organization of the
nucleus and cytoplasm.
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