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Union between stratified squamous epitheli-
um and the underlying connective tissue is
believed to be effected by basal epithelial
cell hemidesmosomes attaching to the sub-
jacent basal lamina [1-6]. Although the
precise physical architecture and chemical
nature of this relationship remain to be
determined, it appears that in skin the attach-
ment is relatively strong, since it resists
separation in vesiculation [7, 8] and inflam-
mation [9, 10] and under all but the most
extreme mechanical stress [I1]. Studies on
corneal epithelium have also demonstrated
the strength of the hemidesmosome attach-
ment to the basal lamina [12, 13]. The present
study investigates the role of divalent cations
in maintaining this union in human oral
mucosa.

Materials and Methods

Freshly excised surgical specimens of human oral
mucosa were washed twice in calcium- and mag-
nesium-free phosphate-buffered saline (PBS) and
then trimmed to approx. 5x2 x2 mm. Tissue slices
were then incubated at 37°C in an isotonic solution
of phosphate-buffered saline containing 20 mM
tetrasodium ethylenediamine tetraacetate dihydrate
(EDTA) (6.83 g NaCl; 0.2 g KCI; 1.15 g Na,HPOy;
0.2 g KH,PO4; 0.12 ml 1% phenol red; 7.6 g Na,-
EDTA; made to I | with distilled water and gassed
with 5% CO, to pH 7.3-7.4). After a 50 to 60 min
incubation in PBS-EDTA at 37°C the epithelium
could be easily separated from the connective tissue
with fine forceps, using a dissecting microscope.
Control specimens of oral mucosa were incubated
for 4 h in PBS-EDTA containing 20 mM Ca?* ion
(as CaCly), or for 4 h in Ca?*"-and Mg?*+-free PBS,
after which time separation of epithelium from con-
nective tissue was attempted. Other tissue slices were

incubated in PBS-EDTA for | h and then either
transferred directly to, or partially separated and then
transferred to, a divalent cation supplemented
medium, Earle balanced saline (EBS). After a 1 h
incubation at room temperature, separation was again
attempted. Several specimens from each experiment
were fixed directly (untreated) and examined ultra-
structurally as normal controls of our fixation and
embedding procedures.

Tissues from all groups were fixed at room tem-
perature for 2 h in 2 ¢, paraformaldehyde and 2.5 %
glutaraldehyde in half-strength Millonig buffer [14].
Specimens were postfixed in Millonig 2% OsO,,
stained en bloc in 0.5 % uranyl acetate [15], dehydrated
in graded concentrations of ethyl alcohol and pro-
pylene oxide prior to embedding in a Maraglas—
D.E.R. 732 mixture [16]. Sections were stained with
uranyl acetate and lead citrate and viewed with
either a Phillips EM 300 or Siemens Elmiskop la
electron microscope.

Results and Discussion

The relationship of hemidesmosomes to the
basal lamina as seen in untreated prepara-
tions was as described by others [3, 5, 6].
In these preparations fine filaments were
observed to traverse the space between the cell
membrane and the basal lamina. The hemi-
desmosomes possessed peripheral densities
which were associated with these filaments
(fig. 1a). In specimens which were separated,
the basal lamina remained with the connective
tissue portion (fig. 15). Sites of hemides-
mosome attachment to the basal lamina were
no longer apparent following tissue separa-
tion. Examination of the epithelial portion
of the separated preparation revealed extra-
cellular tufts of generally filamentous material
emanating from the hemidesmosomes, and
an absence of hemidesmosomal peripheral
densities. Other portions of the basal cell
membrane were devoid of extracellular
material (fig. 1¢). Desmosomes connecting
epithelial cells appeared unaltered by EDTA
treatment.
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Fig. 1. (a) Contact region between epithelial basal cell and the basal lamina. Several hemidesmosomes are
evident, the peripheral density of one is marked by arrow P ( » 64 200); (a) Connective tissue portion of a
separated preparation carries with it an intact basal lamina ( ¥ 60 000); (¢) hemidesmosomes of basal cells in
a separated preparation. A fine filamentous material emanates from the hemidesmosomes but peripheral
densities are absent 50 000. The line represents 0.5 um.

Tissues incubated in Ca?* supplemented minor tissue shrinkage. However, the mor-
PBS-EDTA would not separate nor would phology of the hemidesmosomes and their
tissues incubated in Ca2t-, Mg**+- free PBS. relationship to the basal lamina remained
In each instance, there appeared to be some the same as in untreated preparations.
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Samples, partially separated following a 50
min incubation in PBS-EDTA, when placed
in a divalent cation containing solution (EBS)
for 1 h could no longer be separated. In fact,
opposing surfaces of the separated tissues
became noticeably more adherent to one
another within a few minutes following return
to EBS. Following 1 h exposure to divalent
cations, the fine structure of partially separat-
ed preparations resembled control prepa-
rations in the unseparated regions and resem-
bled completely separated preparations in
those regions where the epithelium had been
lifted from the connective tissue. EDTA
treated but unseparated tissues which were
post-incubated in EBS for 1 h, not only
resembled untreated controls ultrastructural-
ly but could not be separated into their
epithelial and connective tissue components.
Tissues similarly treated but post-incubated
in Ca?" and Mg**-free EBS could be sepa-
rated even after several hours in the divalent
cation-free saline.

Our conclusion from these experiments is
that divalent cations, probably calcium and/
or magnesium, are necessary for the union
of stratified squamous epithelium to con-
nective tissue. A similar observation was
made with respect to the union of ectoderm
with mesoderm in developing chick limbs
[17]. The following observations support the
hypothesis that the nature of the union
between epithelium and connective tissue is
(at least in part) a divalent cation mediated
association of hemidesmosomal filaments
with the basal lamina: (1) Following tissue
separation hemidesmosomal filaments, while
being structurally altered, always remain
associated with the epithelial cells. The basal
lamina, on the other hand, remained firmly
attached to the connective tissue portion of
the treated tissues. (2) An increased adhesive-
ness develops between the opposing surfaces
of EDTA separated epithelium and connective
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tissues when they are returned to divalent
cation supplemented medium (EBS). Further,
a firm union which defies separation by
routine methods is reestablished between
epithelium and connective tissues of EDTA
treated but unseparated oral mucosa when
the specimen is postincubated in EBS. This
union is not reestablished in divalent cation-
free saline; epithelium and connective tissue
may be separated even after several hours of
incubation in this medium.

It is also worth noting that there is a
disappearance of the peripheral densities
from hemidesmosomes following separation.
It is possible that divalent cations may be
in part responsible for the stability of these
morphological regions whose biological sig-
nificance remains to be determined. How-
ever, such speculations must await definitive
studies on the physical and chemical struc-
ture of the hemidesmosome. In any event,
divalent cation participation in this type of
union appears to be localized (hemidesmo-
some) and in that respect differs from the
well documented but poorly understood
roles which divalent cations play in the
phenomena of cell adhesiveness and cell
membrane hardening [I8].
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Protoplasts isolated from callus cells of
maize endosperm. Formation of multinucleate
protoplasts and nuclear division

F. MOTOYOSHI, Institute for Plant Virus Research,
959, Aoba-cho, Chiba, Japan

Summary

About 509% of the total protoplasts enzymatically
isolated from callus cells of maize endosperm were
multinucleate, suggesting that fusion of single pro-
toplasts occurred during the protoplast isolation
process. Some of the protoplasts cultured in vitro
showed enlargement, budding, and nuclear division
during 6 days of culture. Nuclear division in the
multinucleate protoplasts was usually synchronous.
No evidence of protoplast proliferation has yet been
obtained.

It has been described how protoplasts from
different plant species can fuse [1], and some
of the fused protoplasts of tobacco Ieaf
cells regenerate the cell wall and repeatedly
divide when cultured in vitro [2]. In this
study, the author obtained evidence indi-
cating fusion and nuclear division in proto-
plasts isolated from callus cells of maize
endosperm.

Material and Methods

Callus cells (TM 34) used in this work were obtained
from a hybrid endosperm of maize [3] and subcul-
tured every 30 days for about 7 years on White’s
agar medium with added 0.5 % dried extract of yeast
(Daigo Chemical Co., Osaka, Japan). To digest the
cell wall, 500 mg of the cells, which were obtained
around 10 days after transfer of the callus on the
agar medium, were suspended in 25 ml of an enzyme
mixture consisting of 5 % cellulase (Cellulase Onozuka
CLA 696, Kinki Yakult Manuf. Co., Nishinomiya,
Japan), 2% Macerozyme (ME43, Kinki Yakuit),
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0.01 % potassium dextran sulfate (Meito Sangyo Co.,
Nagoya, Japan), and 0.6 M mannitol, and incubated
at 37°C in a 100 ml flasks on a reciprocal shaker
(60 rpm) in the dark. The enzyme mixture had been
previously adjusted to pH 5.4 with 1N HCI and
sterilized by filtration through a Millipore filter
(PH, Millipore Co., Bedford, Mass.) After incubation
for 3.5 h, the suspension was filtered through a
stainless steel mesh (150 mesh), and the protoplasts
were collected by low speed centrifugation (ca. 70 g,
5 min), followed by washing three times with 15
ml of 0.6 M mannitol by centrifugation (ca 70 g,
2 min).

In other work the author attempted to iso-
late protoplasts from tobacco calluses, but
the cell wall was not completely digested,
and after enzyme treatment 10 to 20% of
the protoplasts were observed to be surround-
ed by a cell wall. Dead cells, cell fragments
with a cell wall, and living protoplasts sur-
rounded by a cell wall could not be removed
from the protoplast preparation by the
washing procedure, since they sedimented
together with protoplasts by centrifugation
(unpublished). The cell wall of the maize
callus was, however, more efficiently digested,
although some tightly associated large clumps

Table I. Frequency of protoplasts and cellulase-
untreated cells with different numbers of nuclei

Cellulase-untreated

Protoplasts cells
Percent Per-

No. of No. of of No. of cent

nuclei per proto- proto- nuclet  No. of of

protoplast plast plasts  per cell cells cells
1 264 52.8 1 355 85.1
2 97 194 2 54 12.9
3 44 88 3 5 1.2
4 29 58 4 2 0.5
S 24 4.8 5 0 0.0
6 12 2.4 6 0 0.0
7 10 2.0 7 1 0.3
8 7 1.4

9 4 0.8

10 4 0.8

11 2 0.4

14 1 0.2

15 1 0.2

28 1 0.2

Total 500 100,0 Total 417 100.0




