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ABSTRACT

Potassium pyroantimonate, when used as fixative (saturated or hall-satuwrated, without addi-
tion of any conventional fixative) has been demonstrated to produce intracellular precipi-
tates of the insoluble salts of calcivun, magnesium, and sodium and to preserve the general
cell morphology. In both animal and plant tissues, the electron-opaque antimonate precipi-
tates were found deposited in the nucleus—as well as within the nucleolus and in the
cytoplasm, largely at the site of the ribonucleoprotein particles; the condensed chromatin
appeared relatively free of precipitates. ‘The inorganic cations are probably in a loosely
bound state since they are not retained by conventional fixatives, The implications of this
inorganic cation distribution in the intact cell are discussed in connection with their anionic
counterparts, i.c., complexing of cations by fixed anionic charges and the coexistence of a
large pool of inorganic orthophosphate anions in the nucleus and nucleolus.

INTRODUCTION

s
TheGrganic cations (Mgt Ca™ Nat, K¥) are
known to be important constituents of all living
animal and plant cells (I). However, litde is yet
known about their distribution at the intracellular

level.
The same was true for the orthophosphate ion,
which generally constitutes  the bulk of the

inorganic anions within the cell (1). Previous
work in our laboratory demonstrated that it is
possible to localize this water-soluble electrolyte
at the subcellular level with the electron micro-
scope (2); further information was gained through
the application of the microprobe (3). The results
indicated that the inorganic phosphate ions are
accumulated in the nucleus with the nucleolus
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showing the highest concentration of this elec-
trolyte (2, 3).

Because of the high level of inorganic phosphate
within the nucleus, as reported in those papers, a
high concentration of cations as counter-ions and
with a similar distribution was predicted for the
cell nucleus (2, 3). In order to investigate this
point, we used an approach similar to that em-
ploved for the phosphate anion, but with potassium
pyroantimonate as the precipitating reagent for
the cations.

Komnick (4) was the first to usc this reagent
mixed with osmium tetroxide fixative in an at-
tempt o localize sodium ions. His procedure was
followed by all subsequent investigators (as such

vt
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antimonate deposits have been localized in both

or slightly modified, Electron-opaque

the cytoplasm and the nucleus; particularly
heavy deposits were found in the nucleolus by
Spicer et al. (10). The deposits were attributed
presumably o a precipitate of sodium pyroanti-
monate, although it has been pointed out that
the  solubility  characteristics of  calcium  and
magnesin pyroantimonates, among other salts,
are such that these salts may also form electron-
opaque particles in the tissue (5, 13). Furthermore,
in the absence of a direct chemical identification
it cannot be decided whether the deposits are due
to a deposition of the potassium pyroantimonate
isell or to a precipitation reaction with the cellu-
lar cations.

In the present paper, we report a new and
simple procedure based on the wse of potassium
pyroantimonate alone as a fixative (i.e., without
addition of any other conventional fixative).
Combined electron microscope and microprobe
analysis  conclusively  demonstrates  that  upon
immersion of unfixed tissues in an aqueous solu-
tion of that reagent, the cell morphology was
strikingly well preserved and insoluble antimonate
compounds containing Ca, Mg, and Na precipi-
tatedd massively inside the nucleus and nucleolus
as well as in the cvwoplasm. The implications of
this compartmentalization in the intact cell are
discussed in connection with the anionic counter-

parts for these cations.

MATERIALS AND METHODS

The investigations were carried out on vigorously
growing maize roots, the radicle of ungerminated
broad bean embryos, and rat liver. The maize roots
which developed upon contact with tap or twice
distilled water were cut and fixed. The ungerminated
radicle was dissected out from the broad bean seeds
and immersed in the fixative. Rats were killed by
decapitation, and small slices of liver about 1 mm
thick were immediately fixed.

Electron Microscope Firation Procedure

Potassium pyroantimonate (Ricdel-De Haén Ag.,
Seelze, Hanover, Germany, analytical reagent) was
employed. A saturated solution in water (about 29/,
w/v) was always freshly prepared by boiling the
potassium pyroantimonate in deionized or twice
glass-distilled water, cooled rapidly to room tempera-
ture, and centrifuged.

This solution was first used mixed with osmium
tetroxide ecither according to Komnick (4, 5) or as
described by Spicer et al. (10). However, it was soon
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found that when potassium  pyroantimonate  alone
is used as fixative, the general morphology of the cell
is strikingly well preserved and large amounts of
antimonate  precipitates  are retained  within - the
tissuce and cells. Therefore, the present study has been
made exclusively with this new and simple procedure.
The fixatives used were: (@) saturated potassium
pyroantimonate (pll about 9.2); () half-saturated
potassium pyroantitmonate, prepared by mixing equal
volumes of the saturated solution and of twice dis-
tilled water; and (¢) samme solution as «, but adjusted
to pll 8.2 by addition of a few drops of glacial acetic
acid. In ¢, a voluminous precipitate forms on addi-
tion of cach drop and the pyroantimonate solution
is centrifuged cach time before checking the ptl; the
amount of pyroantinonate ion remaining in solution
has not been determined. .\ point to be stressed is
that on further addition of acid (acetic or HC1) even
more antimonate comes out of the solution and that
when the pH reaches neutrality, or slightly below it,
little or no pyroantimonate anions remain soluble;
this solution does not precipitate at all with inorganic
cations. The precipitate formed by addition of acids
is probably the potassiuin pyroantimonate itsclf,
since it can be dissolved again by washing the acid
with cold twice distilled water and thercafter heating

in distilled water.
The time of fixation was 6 12 hr (usually over-
night) at room temperature.

Washings and FEmbedding

After lixation, the tissues were hardened by plac-
ing them in a 5/ formaldehyde solution in potassium
pyroantimonate for 624 hr at room temperaturc.
This reagent was always freshly prepared by addition
of 1 volume of 40, formaldehyde (free of acid,
NMerck, Darmstadt, Germany) to 7 volumes of the
saturated solution of potassium pyroantithonate; a
small amount of precipitate forms which is climi-
nated by centrifugation. This precipitate is probably
due to the acid pH (about 5.3) of the formaldehyde
reagent, since it redissolves again after washing and
heating in distilled water or in half-saturated potas-
sium pyroantimonate (i.e., its behavior resembles the
precipitate obtained by addition of acids to the
pyroantimonate solution). The tissucs were  after-
wards washed for 30 min with two or three changes
of deionized or twice distilled water at room tempera-
ture.

Alternatively, after hardening with the above-
described  formaldehyde solution, the tissues were
transferred to a half-saturated solution of potassium
heated at 90 -95°CC for 5 min,
rapidly cooled, and then washed with ice-cold twice-
distilled water. ‘This step was used in an attempt to
solubilize any precipitated or adsorbed potassiuim

pyroantimonate,

pyroantimonate. The sodium, calcium, magnesium,
zine, and iron pyroantimonates are insoluble in hot
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distilled water; heating with a half-saturated potas-
sium pyroantimonate solution decrecases even more
the solubility of these insoluble pyroantimonates as a
result of the common-ion effect. Therefore, there is
no risk that those pyroantimonate precipitates will be
washed out of the tissue, even by a prolonged heating
of the tissuc.

In the present study, postosmication  and staining
as well  was always omitted in order to correlate all
the clectron opacity observable in the electron micro-
graphs (Figs. 1 6) to the presence of antimony (as
insoluble pyroantimonate precipitates).

After the tissues were washed, they were dehy-
drated with graded coneentrations of cold cthanol,
passed through propylene oxide, and embedded in
NMaraglas (Narblette Corp., Long Island City, N.Y.).
It was found necessary to extend to 1224 hr the time
of Immersion in  the
mixture and in Maraglas in order to assure a good
penctration of the plastic. Thin sections were cut

propylene  oxide-Naraglas

glass knives on a Porter-Blum  microtone,

mounted on Formvar-coated copper grids, and ex-
amined wnstained with a Siemens Elmiskop T electron

with

microscope. Thick (1w} sections were  also cut,
fastened to a microscopic slide, and stained with
carbonate  for

polychrome blue in 0.1¢; sodium

examination under the light microscope.

Electron Microprobe

The distribution of the atomic elements in the
thick (1 w1 sections was studied with a Cameca model
MS 46 Xeray microanalyzer with an accelerating
voltage of 10 kv for the lighter elements (Na, Mg, Cla)
and 30 kv for antimonium and a probe current of
70 100 n\. The L. @y-radiation was used for antimony
while the lighter elements were scanned with the
K ajp-radiation. The preparation of the specimen,
which is a simple one, has been described (3). The
relative distribution of these clements was recorded
in micrographs (c.g., Figs. 8 10), and their topog-
raphy can be correlated with the absorbed electron
image (Iig. 7) of the same arca. The nuimber of white
specks in a micrograph is proportional to the concen-
tration of the element present at different points in the
same micrograph. It must be emphasized that the
different micrographs are not quantitatively com-
parable, since the conditions of analysis are not
similar; therefore, the relative proportions of the
different cations cannot be judged in this way.

It is to be noted that the maize root was selected
for this work because of the relatively large size of the
nucleoli which may reach more than 5 g in diameter;
this fact permits their analysis with the microprobe
(sec also references 2, 3). On the other hand, a resolu-
tion of the nucleoli in the normal hepatocyte nucleus

1¢ not possible with the probe.

Tanprer, LinanaTi, AND SaNciis

RESULTS
Electron Microscope

The most prominent feature to be observed in
unstained sections of pyroantimonate-fixed tissues
abundant clecuron-opaque

s the presence  of

deposits (Figs. 1 6). These deposits were  not
altered by heating  the tssues at 90 93°C in
half-saturated potassium pyroantimonate (cither
belore or after the Tormaldehvde-hardening step),
strongly suggesting that they are not composed of
potassium  pyroantimonate  exclusively.  Those
deposits remained  equally  insoluble  when  the
heating procedure was performed with the thin
sections mounted on copper grids; even heating
in twice-distilled water does not remove  them.
Therefore, this clectron-opaque material must have
originated fromn a precipitation reaction hetween
the pyroantdmonate anions of the fixative and
the cellular cations. This point is clearly demon-
strated with the microprobe analyvsis (see below).

Iig. 1 shows an unstained section ol maize root
fixed in saturated
about 5 mm from the tp; these cells are highly

potassium  pyroantimonate,

vacuolized, and the cellulose walls have collapsed
during the debydration procedure. The electron-
opaque  antmonate  precipitates  are  massively
deposited in the large nucleolus and in much
lesser amounts in the rest of the nucleus. The
nucleolus houndary is quite sharply delimited by
the precipitates. At higher magnifications, these
antimonate deposits are seen as “granules” about
400 A in diameter, and are apparenty formed by
ageregation ol smaller granules. The cellulose
walls and the middle lamellae show a finely
granular precipitate; a “layer™ of a more con-
centrated precipitate, measuring roughly 300 A
thick, delimits the cytoplasmic boundaries with
the cellulose walls. A densely packed granular
precipitate is found at some places in the inter-
cellular spaces, c.g., the triangular schizogenous
spaces (Fig. 1), In this material, similar results
were obtained when a half-saturated solution of
potassiim pyroantimonate or a solution of the
same salt adjusted to pll 8.2 was used as fixative.

Fig. 2 shows the distribution of the antimonate
precipitates in a thin section from the radicle of
broad Dbean seed fixed in saturated potassium
pyroantimonate. The ungerminated embryo was
chosen in order to compare the cation distribution
in a physiologically dormant radicle (Fig. 2) with
that of a growing, functional root (Fig. 1); more-
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In all the electron micrographs shown in these figures, the tissues have heen fixed in potassium pyroanti
monate alone without addition of any conventional fixative, hardened with formaldehyde, and embedded
i Maraglas. Postosmication and staining were always omifted.

Ficuire 1 Electron micrograph of a portion of a vacuolized maize root cell and its nucleus (V) illustral
ing the massive deposition of electron-opaque precipitates in the nucleolus (1), in the triangular schizoge
nous space, and at the eytoplasmic houndary with the cellulose walls. A finely granular precipitate appears
in the cellulose walls and middle lamellae. Fixation: saturated potassium pyroantimonate. Seale mark,

1 . X 13,000.

Fiaune 2

Thin section of a radicle from the broad bean seed fixed as for Fi

. 1. The pyroantimon

precipitate is localized in the nucleoli (arrows), in several unidentified eytoplasmic bodies, at the cell w

and in the schizogenous space. N, nucleus. Scale mark: 1 g X 10,500.

over, that tissue is highly dehydrated and, there-
fore, the only water put in contact with the cell

contents is that of the fixative. As can be seen in

Fig. 2, massive electron-opaque precipitates are
also found in the nucleoli and at some places in the
intercellular spaces (e.g., the triangular schizo-
genous spaces) while a fine granular precipitate is
evidenced in the cellulose walls, especially at the
boundaries with the cytoplasm. This pattern of
pyroantimonate deposition is similar to that of
the functional root (Fig. 1). In the broad bean
radicle, several massive antimonate deposits of
different sizes also can be seen in the cytoplasm

(Fig. 2). A sequential thick (I u) section stained
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with polychrome blue and observed with the light

that these nuclei have

multiple nucleoli similar in shape and size to

microscope  confirmed

those observed in
Fig. 2

fied cytoplasmic bodies are also heavily stained.

the electron micrograph of

and, furthermore, that the dense unidenti

A point of interest is that the massive anti
monate precipitates in Fig. 2 are more finely
granular than those of Fig. 1, a fact that could be
due to the dehydrated condition of the radicle.

Fig. 3 shows a survey electron micrograph of an
unstained section of rat liver fixed in half-satu:
potassium pyroantimonate. The electron-ope

antimonate precipitates are massively depos
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Ficvre 3

Survey cleetron micrograph of a thin section of rat liver fixed in hall-saturated potassium

pyroantimonate, illustrating the generality of the reaction. The precipitates are localized in the nuclei

(arrows), in several diserete masses in the eytoplasm, and in the wall of the blood vessel; e, ervthroceyte.

Mark, 2 u. X +,000.

within the nucleus and nucleolus; in several

cliscrete masses in the cytoplasm and in the blood
vesselwalls. A sequential thick (1 w) section stained
with

polychrome blue and observed with  the
microscope indicates that the antimonate
« precipitation in the cytoplasm appear to
'ond to the sites of the ribonucleoprotein
sation. In the nulecus, the pattern of anti-
monate deposition does not correlate with that of
the condensed chromating this can be easily seen
in the chromatin lying against the nuclear mem-
brane and around the nucleolus, which is largely
free of precipitate. This pattern of antimonate
deposition in the nucleus is also directly observed
in the electron micrograph of Fig. 4 taken at

higher magnification in which the condensed

chromatin at these two sites can be discerned

because of its intrinsic electron opacity. At higher
magnifications, the precipitates in the nuclei are
seen as spherical ageregates, about 600 A in
dieter, denser at their periphery. The absence

his granular precipitate in the condensed
also illustrated 1n which

matn  is Fig. 5,

Taxprer, LIBANATI, AND SANCHIS

shows a leukocyte inside a small blood vessel and
an endothelial nucleus. The antimonate precipi-
tates are morphologically similar to those of the
hepatocyte nuclei and are evidently dispersed
between  the condensed masses of chromatin.
Although one would expect divalent cations also
to be associated with sites of high DNA content,
the present results appear to indicate that the
condensed chromatin in the interphase nucleus is
(i.e.

precipitable with potassium pyroantimonate). The

largely free  of ionizable cations those
presence of chelated cations cannot be ruled out
since they will not yield insoluble pyroantimonate
salts; this apparently is the case for iron in hemo-
globin, the red cells being largely free of precipi-
tates (Fig. 3). A finely nonaggregated precipitate
can be seen dispersed within the whole nucleus
(Fig. 5) or cytoplasm (Figs. 3 and 5), but it is not
clear whether this reflects a low concentration of
of the

which resisted the washing procedure.

cations at these sites or traces fixative

A correlation between both the distribution and
the amount of inorganic cations with that of the
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Fraure +

Electron micrograph of part of a rat liver cell nueleus; fixation as for i

&

3. The condensed

chiromatin (¢hr) associated with the nucleolus (r) and the nuclear membrane (double arrow) are relatively

free of precipitate which is massively deposited in the nucleolus and in the rest of the nucleus. Mark,

0.5 m. X 28,500.

ribonucleoprotein particles seems evident for the
cell nucleus. 'This statement is based on the com-
parison of the granular aggregate precipitates in
the two types of nuclei (Figs. 4 and 5) with the
recently by Monneron and

figures  published

Bernhard (Figs. 1 and 2 in reference 14) showing

the topography of ribonucleoprotein in  these
nuclei. Both the ribonucleoprotein particles and
the norganic cations are abundant in the hepato-
cyte, are relatively scarce in the leukocyte, and are
dispersed between the condensed chromatin. The
nucleolus, which is well known to be rich in
ribonucleoprotein, also shows a heavy precipitate
of insoluble antimonate salts (Figs. 4 and 1)

Fig. 6 shows a “projection” of pyroantimonate
precipitate towards the nuclear membrane; on
the cytoplasmic side of it a massive precipitate of
pyroantimonate protrudes into the cytoplasm and
has an appearance similar to that of the cyto-
plasmic antimonate deposits found in the baso
philic masses of ribonucleoprotein. 'T'his observa-
tion strongly suggests that this area is coincident
the nuclear membrane and that

with a pore in

360 Crrn BroLogy
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what is observed is part of the processes taking
place during the passage of ribonucleoprotein into
the cytoplasm; whether this passage is also ac-
companied by the cations cannot be decided on
morphological observations alone.

At relatively  low  magnifications, the mor
phologies of the antimonate precipitates in the
nucleus and cytoplasm seem to differ considerably;
however, at high magnifications, spherical granu
lar aggregates denser at the periphery can be
visualized in the cytoplasm, although they are
more tightly packed than in the nucleus (Iig. 6)

Massive precipitates of insoluble salts are found
in the walls of all the blood vessels; inside them, the
precipitate is located in the plasma and inside the
leukocytes. The boundary between two adjacent
hepatocytes is generally delimited by a deposition
of an antimonate precipitate about 300-400 A
thick and probably corresponds to the opposed
cell membranes

I'he electron-opaque precipitates of Figs. 1-6 are
absent in tssues fixed for 2.5 hr in 2¢, g¢lutaral

dehyde, 5 formaldehyde, 5¢, cold trichloroacetic
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Ficure 5

Thin section of a Iyimphocyte ina small blood vessel of rat liver fixed as for Fig. 3. The precipi-

tate is scarcer than in the hepatoeyte nucleus and is also dispersed hetween the masses of chromatin. A

nucleus of an endothelial cell is discernible at the left of the leukocyte. A massive precipitate is localized
in the wall of the blood vessel (arrow). Mark, 1 u. X 12,000.

Fravne 6

Electron micrograph of a portion of the nucleus and eytoplasm of rat liver fixed as for Fig. 3.

In the eytoplasm, a massive pyroantimonate precipitate in contact with the nuclear membrane (arrow)

is apparent. Mark, T u. X 15,000.

acid, or 19, osmium tetroxide, washed with
twice distilled water, and immersed aflterwards in
potassium pyroantimonate. 'This indicates that the
cellular cations are easily leached out of the cells
and could not be satisfactorily retained by the
conventional fixatives. In the intact cell, a large
part of the cations are apparently in a relatively
loosely “*bound™ state, in the sense that they are
casily solubilized (and washed out) by distilled
water following the alterations produced by the
This last statement is made

chemical fixatives.

more evident when the conventional fixatives

(2%

yotassium permanganate, |
g

glutaraldehyde, 59, formaldehvde, 1°¢,

' potassium dichro-
mate) are added to the saturated or half-saturated

potassium  pyroantimonate solution and then

tested. These mixed fixatives do not affect pre
cipitation of sodium, calcium, and magnesium in
the test tube; however, they cause a rapid diffusion
tissues as

and leakage of cations from cells and

Tanprer, LIBANATI, AND SANCHIS

judged by the scarcity of the electron-opaque
precipitates, and negative results were commonly
obtained. 'This fact stands in great contrast to the
results  obtained with

the potassium  pyroanti-

monate solution alone. It is evident, therefore,
that our procedure does preserve a significant
proportion of inorganic cations inside the cells
and tissue and at the subcellular level. Addition
of 1 osmium tetroxide to the potassium pyroanti-
monate solution resulted in electron-opaque de-
posits in the nuclei and in some other sites in the
tissues, as found by other authors (5-13); however,
they were much less abundant than with potas-

sium pyroantimonate alone
Electron Microprobe

Figs. 7 and 11 show the absorbed electron
image taken with the microprobe from thick 1 u
sections of potassium pyroantimonate-fixed maize

root and rat liver, respectively. In Fig. 7, the
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Ficure 7 Absorbed electron image taken with the microprobe from a thick 1 g section of maize root

fixed in potassium pyroantimonate. The outlines of two nucleoli (arrows) and of the cell walls are evident.

X 2,300.

Ficure 8 The image for the Laj-emission wavelength of antimony on the same area of the section

shown in Fig. 7. X 2,300

Ficure 9 The image for the Kag-emission wavelength of magnesium on the same area of the section

shown in Figs. 7 and 8. X 2,300.

Figure 10 The image for the Kag-emission wavelength of caleium on the same area of the section

shown in Figs. 7 and 8. X 2,300.
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Frcure 11 Absorbed electron image taken with the microprobe from a thick 1 u section of rat liver fixed

in potassium pyroantimonate. T'wo hepatocyte nuclei (arrows) are outlined, and several diserete masses

of different sizes are discernible in the eytoplasm. X

Ficurr 12 The
.

shown in g, 11.

Frcure 13 The
shown in Figs. 11

Ficure 14 The

shown in Figs. 11

image for the Lag-emission wavelength of antimony on the same area of the seetion

X 2,700.

image for the

Kaj-emission wavelength of sodium on the same area of the section

and 12. X 2,700.

image for the Kag-emission wavelength of calcium on the same area of the section

and 12. X 2,700.

Taxprun, 1

LTI,

AND SANCIIS

2.700.

Intracellular Localization of

Calions
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outlines of two maize nucleoli and of the cellulose
walls are specially evident. In Fig. 11, two hepato-
cyte nuclei are oudined lying in the cytoplasm in
which several discrete masses of different sizes
are also discernible. These topographies can be
visualized in more detail in Figs. 1 and 3, which
show similar images through the clectron micro-
scope. However, the field analyzed by the probe is
not identical with the arca shown in the electron
micrographs of Figs. 1 and 3 (e.g., the schizogenous
space of Iig. 1 is not apparent in Fig. 7).

Figs. 8 and 12 show the antimony Le, -emis-
sion image of the same specimens. The white
specks are clearly distributed at the sites of the
maize nucleoli and cellulose walls and, in the rat
liver, they are found concentrated over the nuclei
as well as in the eytoplasm. Lvidently, the anti-
corresponds the
electron-opaque  deposits as observed with the

mony distribution  closely to
electron microscope.

Figs. 9, 10, 13, and 14 show the Kaj-emission
of the lighter elements magnesium, calcium, and
The

responded to that of the antimony; this is the

sodium. distribution of these cations cor-
direct proof for the presence of those cations in the
antimonate deposits and indicates that the in-
soluble antimonate salts were originated by a
precipitation reaction with the cellular cations
during the fixation process. Potassium was detected
by the probe in the antimonate precipitates, a
fact which indicates ecither a certain amount of
potassium pyroantimonate that resisted the wash-
ing procedure, a coprecipitation phenomenon, or a
complex chemical composition of the precipitate.
As Methods, the
micrographs are not quantitatively comparable;

indicated under different
the relative proportions of the different cations at
several loci in the sections have not been deter-
mined.

Control tissues fixed in either osmium tetroxide
or aldehydes, washed with distilled water, and
immersed thereafter in potassium pyroantimonate
failed to show the presence of any of the lighter
atomic species while they revealed only traces of
antimony. This result correlates with the absence
of electron-opaque deposits as observed with the

clectron llli(‘l'()S(‘()})(‘A

DISCUSSION

The the usefulness of

potassium pyroantimonate as a fixative (alone,

present paper  describes

without addition of any conventional fixative);

361 Tur Ja oo Cenn Bronogy - YVonvae 143,

the main point demonsuwated is that pyroanti-
monate fixation of living cells produces massive
the calcium,
magnesium, and sodium  inside the cells and

precipitates of insoluble salts of
tissues and a strikingly good preservation of
general cell morphology. This is a constantly
reproducible result, and an explanation must be
given for this phenomenon. However, the exact
reason(s) why this reagent behaves so succesfully
is unknown. The same applies o another reagent
which we have recently shown to immobilize the
tnorganic phosphate anions within the cell (2,3).
Taken togcther, these results leave no doubt that
the fixation procedures employed preserve a large
amount of ditfusible cellular electrolytes which are
not retained by the conventional fixatives.

The question remains whether the localizations
obtained reflect the in vivo sites. ‘The fact that the
distribution of inorganic ions is similar in a
naturally dehydrated tssue (i.e., the radicle of
ungerminated seeds as compared with the growing
root; see Figs. | and 2) swongly supports the
validity of the localizations obtained. Furthermore,
other experimental evidence indicates that when
diffusion of the soluble ions occurs it is in the
outward direction, i.e., out of the nuclei and cells
(and out of the tissue) leading o a loss of the
clectrolytes; this 15 the case, for instance, when
another reagent- which does not affect precipi-
tation in the test tube  is added to the potassium

pyroantimonate fixative, mentioned  under

Results.
Diffusion artifacts as a source of false location

as

for the large pool of inorganic orthophosphate
inside the nucleolus and nucleus have been elimi-
nated (2), and a relatively high concentration of
cations as counterions was predicted (2, 3). The
fact that significant amounts of inorganic cations
have now been localized at those same sites with
the use of a completely different fixative also
supports the contention that the electron-opaque
deposits seen  through the electron microscope
the
amounts of electrolytes are concentrated in the

truly represent sites at which  Important
living cell.

The absence of cation-antimonate precipitates
at sites of high DNA content as found in the present
work is at variance with the intranuclear locations
described by Spicer et al. (10) using Komnick's
pyroantimonate -osmium  tetroxide  fixative;  on
the other hand, several authors, using the latter

procedure, either found the antimonate deposits
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only in the interchromatin regions of the nucleus
(c.g., Fig. 8 in reference [1) or failed to show
appreciable amounts of precipitate inside  the
nuclel. In the tissues testedd in the present work

(i.c.. rat liver and mazie roots), the amount of

antimonate precipitated within the cells-—-and

including their nuclel  was much greater alfter
fixation in potassium pyroantimonate alone than
when Komnick™s procedure was used.

The large cxtent of complexing  of cations in

living tissues and inside the cells  is a very well
established fact, and the presence of ion-binding
substances is sirongly indicated (15). The present

anic cations are

results demonstrates that the inor
present in both the cytoplasm and nucleus, and
furthermore, that the
nucleus is not homogeneous. The nucleolar bound-

distribution  inside  the
ary is quite sharply delimited by the precipitates
and shows a high concentration of inorganic
cations (Figs. 1 4) and inorganic orthophosphate
anions (2, 3); this requires an explanation since
there is no membrane at the interphase with the
nucleoplasim. Accumulation of electrolytes inside
the nucleoli could be due to the existence of ion-
binding substances. This  possibility  could  be
considered either as a “binder™ for the phosphate
anion or for a cation(s), which then binds the
phosphate ion. Some experimental evidence sup-
ports such an expectation. Studzinski (16) re-
ported that the nucleolus of ethanol-fixed cells
has a striking affinity for zinc and that a basic
protein component(s) is responsible for this metal
binding; other cations apparently have not been
wried.

[t is conceivable that in the cytoplasm as well
as in the walls of the blood vessels (Fig. 3) the
inorganic cations arce largely held by fixed anionic
RNA,

acidic  polysaccharides, cte.). The same could

charges (c.g., macromolecules such as

apply for the nucleus, sinee the pattern of inor-

ganic cation distribution correlates with that of

the ribonucleoprotein particles (Figs. 4+ and 5, and
14).

cations in the nucleus and nucleolus is noteworthy

reference However, the
because of the coexistence of a large pool of inor-
ganic phosphate anions at these sites (2, 3), a
situation  apparently  not  encountered in  the
cytoplasm. As suggested before (2, 3), the absence
of mature (cation-bound) ribosomes in  the
nucleolus and nucleus (14, 17 19) could be due, at

least partially, to an inorganic phosphate chela-

accumulation of

ANDLER, LIBANYPY, AND SANCHIS

tion of divalent cations, inasmuch as magnesium

and calcium have now been demonstrated  at
those same sites along with the ribonucleoprotein
particles.

A point to be stressed is the demonstration of the
cell nucleus as an intracellular ionic compartment,
which is in line with some reports in the literature
strongly suggesting that the nucleus is involved in
the accumulation of a number of electrolytes
(see references 3, 20). However, we do not have

evidence on  the exact mechanism  of

and exit- ol phosphate anions and

any
entrance
inorganic cations in the nucleus of the intact cell.
All these jons are compartmentalized inside the
nucleus and are apparently in a loosely “"hound™
state, Le., they probably should not produce
great osmotic alterations (which is in line with
some experimental evidence; see reference 20).
The high intranuclear level of inorganic cat-
ions and orthophosphate anions certainly could
affect the latency of enzvines (e.g., nucleases;
see reference 19) as well as the assoclation and
dissociation of nucleic acids with respect 0 pro-
teiny, a fact which suggests that regulation of the
ionic intranuclear environment may be involved

in genetie regulatory mechanisims.,
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Nute Added in Proof: In collaboration with Dr. AL I

Kierszenbaum  (manuseript  in preparation),  the
pattern of insoluble antimonate precipitation was
studicd in mouse testis lixed in potassium pyroanti-
monate. The results obtained with this technique
cation-antmonate

confirmed the absence  of

cipitates in sites of high 1D

pre-
A content, 1.e., the con-

densed chromatin in the nuclei of mature spermatids

and the heterochromatin masses in Sertoli's cells.
The antimonate precipitate always appeared  dis-
persed between the masses of condensed chromatin,
except in the nuclet of mature spermatids which did

not show any sign of antimonate deposition.
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