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REVIEWING PROCEDURE
AND
DISCUSSION WITH REVIEWERS

Each paper in this volume contains a Discussion with Reviewers. This discus-
sion follows the text and should be read witn the paper. Each paper submitted to
SEM, Inc. for publication is reviewed by at least three, up to an average of five,
reviewers. The reviewers are asked to separate their comments from their questions.
The comments are useful in determining the acceptability of the papers as submitted.
Although the comments require no written response, in several cases, the authors
have included responses to comments, or to questions phrased from, or based on, com-
ments (either as a result of editorial suggestions or on the author's own initiative).
Based on these comments approximately 15% of the submitted papers were not accepted
for publication; while almost all of the others were asked to make changes involving
from minor to major revisions.

The questions, for the most part, originate as a result of statements included
in our cover letter accompanying each paper sent to the reviewers. The reviewers
are asked to suppose they are attendees at a conference where this paper, as written,
is being presented, and then ask relevant questions which would occur to them result-
ing from the presentation. From the questions so asked, some are not included with
the published paper because the authors attended to them by text revisions. In some
cases, editorial and/or space considerations may exclude inclusion of all questions
asked by reviewers. The authors are asked to prepare their Discussion with Reviewers
section in a camera-ready format in accordance with detailed instructions which they
are sent by SEM, Inc. In some instances the authors edit the questions and/or .com-
bine several similar questions from different reviewers to provide one answer. While
all efforts are made to check that the questions in the printed version faithfully
follow the views of the specific reviewer, the editors apologize, if in some instan-
ces, the actual meaning and/or emphasis may have been changed by the author.

The cover letter to the reviewers states:
"1l. Your name will be conveyed to the author with your review UNLESS YOU
ASK US NOT TO.

2. The questions published in the Journal will be identified as origin-
ating from you UNLESS YOU ADVISE OTHERWISE..."

In all cases sincere efforts are made to respect the reviewer's wishes to re-
main anonymous; however, in nearly 95% of the cases, the reviewers have given permis-
sion to be identified; so their names are conveyed to the authors and are included
with the questions printed with each paper. An overall list of reviewers is provided
in the opening pages of each SEM part. We apologize for any error/omissions which
may occur.

Finally, readers are urged to be cautious regarding the weight they attach to
the authors' replies, since the answers to the questions represent the authors' un-
challenged views--except for minor editorial changes--the authors generally have the
last word. Also, please consider that the questions were, in most all cases, rele-
vant to the originally submitted paper, and they may not have the same significance
for the revised paper published in this volume.

If you disagree with the results, conclusions or approaches in a paper, please
send your comments, as a Letter to Editor, typed ina column format (each column is
4-1/8 inches wide and 11-1/2 inches long; i.e., 10.5 by 29.3 cm.). Your comments
along with author's response will be published in a subsequent issue.

The editor gratefully thanks the authors and reviewers (see p. ix-xii) for their
contributions, invites your comments on ways to improve this procedure, and seeks
qualified volunteers to assist with reviewing of papers in the future (see p. xii).

ERRATA: Despite the best efforts of authors, reviewers and editors, errors may
remain. Please help by pointing out errors that you notice. Please provide enough
information to locate each error (volume, part, page, column, line, etc.) and indicate
suitable correction.
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CALL FOR REVIEWERS

ibution of reviewers to the quality of this publication and our meetings
We find suitable reviewers from the suggestions we receive from the

authors, our advisors,; and from our past contacts. We will welcome your suggesting

your own name

Important

or other's names (along with full mailing address) as reviewers.

reviewer
set time
that you
forn youn
in time,
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desine and efforts to help us, the rneviewens who do not rnespond
in fact, seniously hamper oun effornts.
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Abstract

Three dimensional structure of intracellular
elements were observed by the Osmium-DMSO-0Osmium
method and by a field emission SEM equipped with
a high resolution device.

(1) Rough endoplasmic reticulum: Their cisternae
were closely opposed to form a lamellar system of
flat cavities and they were supported at regular
interval by fine thread-1ike structures. They were
also connected to the cell membrane with similar
threads.
(2) Golgi complex: The Golgi cisternae of the
serous cell of rat submandibular gland showed a
bell-shape fitting one above another. The most
characteristic structure of this Golgi complex was
its foot-like tubuli which projected to all sides
from the periphery of the cisternae.
(3) Synaptic vesicles: The synaptic vesicles of
rat retina were observed at the direct magnifica-
tion from 100,000 to 200,000 fold with the field
emission SEM. The vesicles ranged from 30 to 50nm
in diameter, and their shapes were also various,
such as spherical, cocoon-like and kidney-shape.
The synaptic vesicles were studded with several
granules, about 10 nm in diameter.

In addition, the fine structure of mitochon-
dria and centrioles were examined.

KEY WORDS: Osmium-DMSO-Osﬁium method, rough ER
gi complex, mitochondria, synaptic vesicles,
centrioles, high resolution device.

Introduction

Generally speaking, it has been considered
that the scanning electron microscope(SEM) is un-
suitable for researching cellular fine structure,
because it has lower resolving power than that of
the transmission electron microscope(TEM). The SEM
with high resolving power whose spot size is
strongly decreased but has a strong enough probe
current to provide contrast in the picture, is
useful for researching the intracellular struc-
tures. As techniques to achieve high resolution in
SEM, the Tow-loss method'=* and SEM in TEM method'
have been reported. Nagatani and Okura® also de-
vised a method to obtain high resolution by re-
ducing the working distance and adding an electri-
cally biased electrode next to the specimen in a
field emission SEM. LN

As to specimen preparation'techniques, on the
other hand, two effective methods for revealing
intracellular structures have been developed in
recent years. The first method is "the freeze-
fracture, thaw fix technique" devised by Haggis
and Phipps-Todd.® Haggis and Bond” could success-
fully observe the chromatin fibers of chicken
erythrocytes by this method. The second method is
"the Osmium-DMSO-Osmium method" (0-D-0 method) de-
vised by us.® This method intends to remove the
excess cytoplasmic matrices, which obscure cell
organelles, from the frozen-cracked surfaces of
previously fixed cells by a dilute osmic acid so-
Tution. With this method we could clearly disclose
many kinds of intracellular structures such as
Golgi complex, endoplasmic reticulum, mitochondria
and others.

In this paper, three dimensional structure of
intracellular elements, studied by the 0-D-0 meth-
od and by a field emission SEM equipped with a
high resolution devise, are described.

Materials and Methods

As materials the rat pancreas, submandibular
glands, retina and hamster liver were used. Imme-
diately after excision, the small tissue fragments
(1x1x5mm) were treated by the 0-D-0 method.

1) The specimens were fixed at 4°C for 60-90 min-
utes with 1% osmium tetroxide in M/15 phosphate
buffer solution at pH 7.,4.

2) After having been rinsed with the buffer solu-
tion, the specimens were successively immersed in
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15, 30, 50% dimethyl sulfoxide (DMSO) for 30 min-
utes each.

3) The specimens were frozen on a metal plate
chilled with Tiquid nitrogen and cracked into two
by a razor blade and a hammer. We have used a
freeze cracking apparatus(TF-1, EIKO Engineering
Co. Ltd., Japan) for this procedure which has been
very useful for our purpose.

4) The cracked pieces were immediately placed in
50% DMSO solution for thawing.

5) After having been rinsed in the buffer solu-
tion. they were transferred to 0.1% osmium tetrox-
ide solution buffered at pH 7.4 with M/15 phos-
phate buffer solution and left standing at 4°C for
24-72 hours. This procedure was very effective for
removing the cytoplasmic matrices.

6) The specimens were fixed again for 1 hour in 1%
osmium tetroxide solution. They were treated with
2% tannic acid solution about 12 hours and then 1%
osmium tetroxide solution for 1-2 hours. This pro-
cedure is necessary for enhancing the electric
conductivity of specimens.

7) They were dehydrated through graded alcohol
series. After treatment with isoamyl acetate, they
were dried in a critical point dryer(HCP-2,
Hitachi Koki Co. Ltd., Japan) with dry ice.

8) Dried specimens were coated with platinum in an
jon-coater with rotating stage(VX-10R, EIKO Engi-
neering Co. Ltd., Japan).

9) The metal coated specimens were observed with a
field emission SEM. : y

Scanning Electron Microscope Used

The field emission SEM(Hitachi HFS-2ST) with
a high resolution devise constructed by Nagatani
and Okura® was used. The sample holder is equipped
with a 45° pre-tilted pole 2mm in diameter, on
which a sample is attached, and a cone-shape elec-
trode which effectively guides the secondary elec-
trons. The electrode can be supplied with a posi-
tive potential from 0 to 400V, when the sample
holder is set on the stage in the specimen cham-
ber. The sample holder itself can be independently
biased negatively through the inlet terminal,
which is normally used for absorbed current meas-
urement. In the present study, positive 200V po-
tential was supplied to the electrode and negative
10V potential to the sample holder. With this
device, the working distance was reduced from 5 to
Omm and consequently the spot size of the electron
beam decreased (on calculation ) from 2 to 1.45nm.

In addition, the SEM has an objective lens
with a lower pole piece with an enlarged bore
diameter of 7mm for keeping the movement of the
specimen holder on X and Y axis (2mm each) at the
working distance of O mm.

Results

Rough endoplasmic reticulum

Cisternae of the rough endoplasmic reticulum
were closely opposed to form a lamellar system of
flat cavities. These cisternae were linked to each
other at regular interval with fine thread-like
structures ?Fig. 1). They were fixed also to the
cell membrane with similar threads (Fig. 2). The
thread-1ike structures are about 10-15nm in diam-
eter. The feature of these thread-1ike structures

remain to be examined.

The outer surface of rough endoplasmic retic-
ulum was studded with numerous ribosomes. The
ribosomes were observed as a combined body 6f two
subunits of unequal size, and often formed a poly-
some (Fig. 3). The size of the ribosomes were
20-25nm in diameter. In general, ribosomes ob-
served by SEM are considerably larger than those
reported by TEM studies (15nm). Kirschner et al. ®
reported ribosomes to be 20-25nm in diameter in
their SEM study on isolated mouse liver nuclear
envelope. The difference in size between SEM and
TEM observations probably depends upon the metal
coat around the ribosomes of the SEM specimens.
Golgi complex

We previously reported that the Golgi complex
of the rat epididymal cell consisted of three
elements. These are the Golgi stacks with numerous
small vesicles, the plexus of anastomosing tubuli
with associated granules of various sizes, and
large vacuoles which might be secondary lysosomes:®
In the present study, the Golgi complex of the
serous cell in rat submandibular gland was ob-
served. Its construction differed considerably
from that of epididymal cells.

The Golgi cisternae of the serous cell ap-
peared to be formed from a number of bell-shapes
fitting one above another. The number of the
cisternae was 4-5, less than that of the epididy-
mal cell. The most characteristic structure of this
Golgi complex was its foot-like tubuli which pro-
jected to all sides from the periphery of the
cisternae (Fig. 4). Some of the feet from the
cisternae were gathered at the lower part of the
Golgi complex as shown in Figure 6. They rarely
anastomosed and did not form a plexus. Vacuoles
which were found in the plexus of anastomotic
tubuli of epididymal cells (probably lysosomes)
were rarely ever observed in this gathering tu-
buli, but sometimes the end of a cisterna was
expanded to form a vacuole (Fig. 5). On the other
hand, some feet expanded from the cisterna and
joined to the endoplasmic reticulum closely lo-
cated around the Golgi complex (Fig. 6). The sur-
face of the Golgi stack was studded with Golgi
vacuoles, about 50nm in diameter, but their num-
ber was considerably less than that of the epidid-
ymal cell (Fig. 5). No secondary lysosome and
multivesicular body were observed around the Golgi
complex.

As described above, the constitution of the
Golgi complex in the serous cell of submandibular
glands is much different from that of the epididy-
mal cell.

Mitochondria

For identification of mitochondria from other
intracellular structures, the mitochondrial cris-
tae must be clearly disclosed.ll,12 The 0-D-0
method is very useful for this purpose. The mito-
chondrial cristae or tubuli are easily observed
in gitu in the specimens prepared by this method.

Recently Masunagal3 in our department ied
the mitochondria of rabbit heart muscle celis _y
our method and reported the three dimensional
structure of them. He showed that the outer and
inner membranes that enclose the mitochondria were
sometimes separately recognized. The outer mem-
brane was a smooth contoured with a continuous
1limiting membrane, and the inner one generally ran



Demonstration of intracellular structures by SEM.

Fig. 1 Rough endoplasmic reticulum. The cisternae Fig. 4 Golgi complex of a serous cell in rat
are supported at regular intervals with fine submandibular gland.
thread-1ike structures (arrow).

Fig. 2 Rough endoplasmic reticulum (Er). They are
connected tc the cell membrane (CM) with fine
thread-Tike structures (arrows).

Fig. 5 Golgi complex of a serous cell. On the
surface of the Golgi stack, many vesicles are
seen (asterisk) and the end of a cisterna ex-
] panded to form a vacuole (arrow).

Fig. 3 A polysome observed on a rough endoplasmic
reticulum (P). A ribosome consists of two sub-
units (arrow).

Fig. 6 The lower part of the Golgi complex in a
serous cell. Many tubuli are gathering. Some of
them Tead to the endoplasmic reticulum (arrow).
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parallel to the outer one, but also formed numer-
ous narrow cristae that projected into the inte-
rior of the organelle. The mitochondrial membranes
formed two compartments. By SEM observation, the
outer compartment was not usually distinguished
and consequently the 1imiting membrane of mito-
chondria and cristae were seen as thick plates.
The inner compartment, on the other hand, appeared
empty, $ince the mitochondrial matrix was removed.
On the surface of the inner compartment, espe-
cially on the cristae, numerous small particles,
about 20nm in diameter, were observed. They were
usually in spherical shape but sometimes they were
mushroom-shape. -

Kirschner and Rus1i,'* in their study of iso-
lated mitochondria, reported that the inner mito-
chondrial membrane had a granular surface and
these granules might represent respiratory enzyme
complexes perhaps the ATPase particles. We could
also see mitochondrial cristae or tubuli clearly
by the 0-D-0 method (Fig. 7) and could observe the
small particles on the cristae or tubuli (Fig. 8).
Thus we assume that such particles are common
elements of mitochondria and correspond to the
inner membrane particles seen in negative contrast
preparations. However, it is necessary to confirm
in the future by histochemical methods whether the
particles are respiratory enzyme complexes or not.
Centrioles

tection of centrioles under SEM was very
difficult because nobody knew the shape the cen-
trioles showed under SEM. Recently Mitsushima
and Inouel5 in our department found them in a rab-
bit plasma cell by the 0-D-0 method. According to
their findings, the centrioles were situated at
the center of the Golgi region beside the nucleus
and appeared as a cylindrical body with small
granules in its cavity. We could also find the
same structure at the Golgi region of a rat lym-
phocyte. Unfortunately their detailed three dimen-
sional structure remains to be examined.
Synaptic vesicles

As materials for higher resolution SEMi syn-
aptic vesicles were used. In 1978, Furusawa'®
studied the synaptic vesicles of cat purkinje and
spinal motor nerve cells with SEM. However, he did
not report their form and structure, because he
could not obtain micrographs of high magnification
which permits visualization of their detailed con-
figuration.

In the present study the synapses of the
outer plexiform layer in rat retina were examined.
The outer plexiform layer is the region of syn-
aptic interplay between photoreceptor cells,
bipolar and horizontal cells. The synaptic termi-
nals of the photoreceptor cells are large pyrami-
dal endings containing synaptic vesicles, synaptic
ribbons and mitochondria.

The synaptic vesicles of this region were ob-
served at the direct magnification of 100,000 -
200,000 fold with the field emission SEM equipped
with the high resolution device. Many transmission
electron microscopic studies have reported that
the synaptic vesicles showed, in general, spheri-
cal shape and their size was 40-65nm in diameter.
By our SEM observation, the vesicles had various
sizes, from 30 to 50nm in diameter, and their shapes
were also various, such as spherical, cocoon-like
and kidney-shape (Fig. 9).

The synaptic vesicles had attached to them with
several small granules, about 10nm in diameter, on
their surfaces. With these granules, the vesicles
were often joined together. Granules of similar
size could be observed on the cytoplasmic surface
of the synaptic membrane also (Fig. 10). Though it
is uncertain yet whether both granules have the
same features or not, we assume that the synaptic
vesicles are probably attached to the synaptic
membrane with these granules. In the present -
paper, details of the synaptic ribbon are omitted.

Discussion

For observing intracellular structures by
SEM, it is indispensable to have a good method for
revealing intracellular structures (i.e. for re-
moving the surrounding matrix material) and a high
resolution SEM to permit their adequate visualiza-
tion. As to such preparation techniques, many
kinds of cryofracture and cracking methods
have been devised,17-23 put it was practically
impossible to expose the intracellular structures
usually hidden in the cytoplasm by these methods
alone. In recent years, three methods for re-
vealing intracellular structures have been re-
ported. The first is ion-etching method.24~28
When this method was applied to the cracked sur-
faces of cells, the intracellular structures were
clearly disclosed,?® because moderate ion-etching
was quite effective in exposing membranous struc-
tures from the cytoplasmic matrix which was much
less etch resistant. Unfortunately, the ion-
etching method has shortcomings. It often produces
artificial cone figures which fail to reflect the
intrinsic structures properly. The second method
is the freeze-fracture, thaw fix technique de-
vised by Haggis and Phipps-Todd.® In this method.
soluble protein is washed out from the fractured’
surface of unfixed materials at the thawing stage.

The third method is the 0-D-0 method. This
method is characterized by the use of fixation
with a slightly hypotonic osmium tetroxide solu-
tion and a maceration procedure for eliminating
cytoplasmic matrices with a dilute osmium tetrox-
ide solution. It is well known in light micro-
scopic technique that dilute solutions of some
metal salts such as osmium tetroxide, chromium
trioxide and potassium dichromate are effective in
macerating the cytoplasm. Though any one of these
reagents may be used for the maceration, osmium
tetroxide was chosen in this study, because it
does not cause any remarkable damage to the fine
structures. When the specimens are left standing
24-72 hours in the dilute osmium tetroxide solu-
tion, the excess cytoplasmic matrices are success-
fully removed from the cracked surfaces of fixed
cells. The effect of this maceration procedure is
strengthened by the fixation with a slightly hypo-
tonic osmic acid solution. This fixation is also
important in disclosing the intracellular struc-
tures. When isotonic osmic acid solution is used
for fixation, the cytoplasm is incompletely re-
moved by the subsequent maceration procedure. Now
it becomes a question whether the treatment with
the hypotonic fixative produces some artifacts or
not. Fortunately we did not find any significant
artifacts in the specimens prepared by this meth-
od. Thus we think that the 0-D-0 method is very



