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Abstract Mitochondrial granules (MGs) are known to contain organic constituents such as

phospholipids, glycolipids, glycoproteins, and lipoproteins and to be involved in the transport and

accumulation of calcium ions and /or precursors of the mitochondrial inner membrane. Electron-

dense mitochondrial granules have always been observed in mechanically damaged cells in cryo-

fixed specimens. This study was the first to show the presence of certain sulphated glycoconju-

gates (SGs) in MGs, as another organic component, not only of hard tissue cells but also of soft
tissue cells. Further, in ameloblasts and osteoclasts which have many mitochondria and process

large amounts of calcium ions, SGs were also detected at the outer surface of the mitochondria.

Although phosphate groups in MGs have been thought to contribute to calcium sequestration,

this study suggested that the strongly negatively charged substances, the sulphate groups of
SGs, are also involved in the accumulation of divalent cations by MGs.

INTRODUCTION

Mitochondria in a variety of cells, chemically- or
cryo-fixed, have been reported to contain mitochon-
drial granules (MGs). They are known as osmiophilic
granules ”, elecron dense granules?, mitochondrial
dense granules®, matrix intra-mitochondrial gran-

ules*?

, normal matrix granules®, or native matrix
granules”. These granules usually contain high con-
tent of calcium and phosphorus®**® and small
amounts of sulphur®. They have often been regarded
as an artefact caused by mechanical cell damage.
10)

Phospholipids', glycoproteins', and glycidic sub-
stances' have been shown as organic constituents of
the granules. On the other hand, based on the differ-

ence of electron density, two types of mitochondrial

granules have been discussed™ : one is an electron-
dense granule containing a relatively large content
of calcium; the other is electron lucent and observed
after osmification, thus indicating the presence of os-
miophilic phospholipids. It has also been suggested
that the phospholipids give the MGs an affinity for
calcium™,

In this study, certain SGs capable of accumulat-
ing cations such as calcium and/or strontium were
revealed as other organic constituents of MGs and it
was suggested that the negatively charged sites
play an important role for calcium precipitates
within the MGs which result in the formation of elec-
tron dense MGs.

MATERIALS AND METHODS

Ten Wistar strain rats, aged 1-4 weeks, were
anesthetized with 20% chloral hydrate and perfused
through the left ventricle with located Ringer’s solu-
tion followed by 2% glutaraldehyde/4% paraformal-
dehyde in 0.1 M sodium cacodylate buffer, pH 7.3,
for 10 min. The heart, liver, and mandibles including
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tooth germs were dissected and immersed in the
fixative for 6 h at 4 C.
Detection of sulphated glycoconjugates

High iron diamine thiocarbohydrazide silver pro-
teinate (HID-TCH-SP) technique has been shown to
detect specifically sulphated glycoconjugates SGs™.
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The fixed tissues were incubated for 18 h at room
temperature in high iron diamine solution, as previ-
ously described”. This solution was prepared by the
addition of 1.6 ml 40% FeCl; (Nakarai Chem. Co. To-
kyo) to a freshly prepared diamine solution contain-
ing 120 mg of N, N-dimethyl-m—phenylene diamine
(HC)) (Sigma Chem. Co. St. Louis) and 20 mg N, N—di-
methyl-p—phenylene diamine (HC) (Sigma) in 50 ml
of distilled water. Control specimens were similarly

incubated in a solution prepared by the addition of 1.

6 ml 40% MgCl, to freshly prepared diamine solu-
tion as mentioned above, the pH of which was ad-
justed to 1.6 with 0.1 M HCL These specimens were
rinsed several times in distilled water, post-fixed in 2
% osmium tetroxide in 0.1 M sodium cacodylate
buffer (pH 7.4), dehydrated and embedded in Taab

812 Resin. Some specimens were processed without
post-fixation in osmium tetroxide, since it has been
reported that osmification may cause non-specific
precipitation of HID-TCH-SP staining under the exis-
tence of phospholipids. Ultrathin sections, cut with a
diamond knife and floated onto stainless steel grids,
were reacted with 2% thiocarbohydrazide (Merck,
Darmstadt), in 10% acetic acid for 15 min, rinsed in
distilled water, and treated with 1% aqueous silver
proteinate (Merck) for 20 min in the dark. The silver
proteinate background staining was eliminated by
filtering (Whatman filter #2) the silver proteinate so-
lution twice before use. Sections were then washed
in 2-3 changes of distilled water. The ultrathin sec-
tions were observed without uranyl acetate and lead
citrate staining.

RESULTS AND DISCUSSION

In the osmium tetroxide-fixed rat liver hepato-
cytes, moderate electron dense particles were found
inside mitochondria (Fig. 1a, c). SGs revealed as HID-
TCH-SP stain deposits were localized in accord with
the mitochondrial particles (Fig. 1b, d, arrows) and
inside lysosome-like structures (Fig. 1b, L). SGs were
also observed associated with mitochondria of fibro-

blasts (Fig. 2a), cardiac cells (Fig. 2b), osteoblasts (Fig.

2¢), and odontoblasts (Fig. 2d). In atrial muscle cells,
SGs were detected not only in mitochondria but also
in atrial specific granules (Fig. 2B, AS). It was noted
that mitochondria of osteoblasts (Fig. 2c) and odon-
toblasts (Fig. 2d) contained less abundant SGs (Fig. 2
¢, d). In ameloblasts and osteoclasts which contain
many mitochondria and process large amounts of
calcium, SGs were found not only inside mitochon-
dria but also at the outer surface of mitochondria
(Fig. 3a, b).

The high electron density of MGs is caused not
only by mineral deposition but also by osmification.
The latter is related to the presence of phospholipids
in MGs and usually moderate electron dense parti-
cles appear. The presence of calcium in MGs has
also been shown*®'*™®. It has been suggested that
phosphate groups of the phospholipids in MGs are
involved in the sequestration of calcium by MGs'" ™.
Although the existence of sulphur in MGs has been
reported”, nothing is known about the concrete ma-
terials including the sulphur. This study suggests
that the sulphur derives from the SGs.

MGs have been observed in various types of
cells processed by chemical- and/or cryo-fixation.

Further, it has been suggested that the presence of
calcium-rich mitochondrial granules is associated
with mechanical cell damage™. In fact, the number
of electron dense MGs increases by loading with di-
valent cation prior to fixation and/or by mechanical
damage of cells”. We have also observed in high
pressure rapid-frozen specimens that no MGs are
seen in intact cells, but that in mechanically dam-
aged cells, many electron dense partiles are present
inside mitochondria (data not shown). Although at
the physiological level, calcium concentration in cells
is kept less than 10 mM, the damage to the cell
membrane causes an increase in intracellular cal-
cium concentration. Mitochondrial calcium is known
to be less mobilized than non-mitochondrial cytoplas-
mic calcium', thus suggesting that the former exists
in a bound state with other certain organic sub-
stances. It is most likely that the SGs in MGs play a
part of calcium sequestration and that the electron
dense MGs may be caused by the accumulation of
large amounts of calcium ions which influx into the
mechanically damaged cells. In an experience of
strontium loading®, it has been shown that stron-
tium is accumulated inside both mitochondria and
atrial specific granules of heart cardiac cells. As ob-
served in this study, SGs are also present inside both
the mitochondria and atrial specific granules of rat
heart muscle cells. It is highly suggestive that the
strongly negatively charged molecules, SGs in the
MGs and atrial specific granules are responsible for
divalent cation precipitates.

In conclusion, this study showed that MGs of
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Fig. 1. a. Routinely prepared rat liver hepatocyte. Note moderate electron dense MGs (arrows).
L : lysosome-like structure Bar= 500 nm

b. HID-TCH-SP stained rat liver hepatocyte. HID-TCH-SP stain deposits are observed in
accord with the MGs (arrows). The stain deposits are also seen inside lysosome-like struc-
tures (L). Bar=500 nm e. A higher magnified picture of MGs (arrow) routinely prepared.
Bar =200 nm

d. A higher magnified picture of HID-TCH-SP stained MGs (arrows). Note that the stain
deposits occupy the entire MGs. Bar =200 nm
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Fig. 2. Figs.
a. A fibloblast in thg dental follicle. The stain deposits are observed inside lysosome-like
structures (L) and in MGs (arrow). Bar =200 nm b. Mitochondria of heart muscle cell. The
stain deposits are localized in MGs (arrow) and atrial specific granules (AS). Bar =500 nm c.
Mitochondria of osteoblasts in rat alveolar bone. The stain deposits are observed in MGs (ar-

row). Bar =500 nm d. The stain deposits are localized in MGs (arrows) of odontoblasts.
Bar =200 nm
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TCH-SP.

Fig. 3. Figs. 3a-b indicate mitochondria of ameloblasts (a) and osteoclasts (b) stained with HID-
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The stain deposits are detected not only inside mitochondria but also at the outer surface of

them (arrows).

Bar =500 nm (Fig. 3a) Bar =200 nm (Fig. 3b)

various types of cells contain SGs, suggesting that

the SGs may be involved in the accumulation of di-

1)

2)

3)

4)

5)

6)

valent cation such as calcium in mitochondria.
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