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Abstract

1. The studies of structure and function of the plasma membranes of cancer cells is extremely
important for the elucidation of specificity of phenotypes of cancer cells. In order to bring this
subject to light, plasma membranes, mitochondria, microsomes and nuclei have been isolated from
the AH 130 ascites carcinoma cells and rat liver cells. The electron cytochemical observations
and biochemical aays of M g2+-Na+-K+-ATPase, ADPase, AMPase, and β-glycerophosphatase
activities have been carried out before and after the fixation with glutaraldehyde. 2. M g2+-ATPase
and Mg2+-N a +-K +-ATPase are present in the isolated plasma membranes, mitochondria and
microsomes in both AH 130 cells and rat liver cells. ADPase and AMPase of the mitochondria
and microsomes show far lower activities than those of the corresponding enzymes found in rat
liver plasma membrane. ADPase and AMPase of AH 130 cell fraction exhibit activity much lower
or zero. Generally, enzymatic activity of the AH 130 cell fraction is much lower than that of
rat liver cell fraction. 3. Mg2+-Na+-K+-ATPase is completely abolished by 5% glutaraldehyde
fixation while it shows le effect on Mg2+-ATPase in the plasma membrane. ADPase and AMPase
activities of the mitochondria and microsomes are completely inhibited by glutaraldehyde fixation.
AMPase of the plasma membrane of rat liver is completely abolished while ADPase activity is
not affected in any way. 4. Only Mg2+-ATPase can be demonstrated electron cytochemically.
Cytochemical reaction products of Mg2+-ATPase are located at the outer layer of the plasma
membrane of the AH 130 cells and rat liver tiue. In the isolated membrane fractions it is located at
the inner layer. 5. ρ-Chloromercuribenzoate has only a slight effect on Mg2+-ATPase and Mg2+-
Na+-K+-ATPase activities of the rat liver membrane, while it inhibits these enzyme activities in
the AH 130 cell membrane. NaF (1 mM) and NaN3 (1 mM) inactivate ADPase of the rat liver
plasma memo brane. 6. In these experimental conditions, nonenzymatic hydrolysis of ATP by
lead ions is not recognized. 7. It seems most reasonable to conclude that cytochemical electron
microscopic demonstration of Mg2+-ATPase after fixation with glutaraldehyde may serve as the
absolute marker for the plasma membrane of ascites hepatoma and liver cells.
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Characterization of the structure and function of plasma membrane
of cancer cells is extremely important for the elucidation of specificity of
phenotypes of cancer cells. In order to dissolve this problem, it is neces
sary to isolate purified plasma membrane. However, it may be said that
valid markers for the plasma membrane have not been found yet. Thus,
the isolation and purification of plasma membrane have not been fully
appreciated. Adenosine triphosphatase is one of the most important
enzymes that are widely distributed in the plasma membranes, mitochon.
dria and other biological membrane systems. There are also the reports
on biochemically.defined ATPase to be present in the isolated membrane
of rat liver (1-5), erythrocytes (6, 7) and bacteria (8), which support the
cytochemical evidence for the existence of membrane·bound ATPase in the
intact cell. Cytochemical reaction products of this enzyme is visualized
with the electron microscope and is usually demonstrated to be associated
with only the plasma membranes of a variety of cell types (9-38).

In order to clarify whether or not the electron cytochemical reaction
of ATPase activity plays a role of special markers in the isolated memb.
ranes, cytochemical observation and biochemical assay of Mg2+.ATPase
were conducted before and after fixation with glutaraldehyde of the
plasma membranes, mitochondria, microsomes, and nuclei isolated from
ascites hepatoma (AH 130 strain) cells and rat liver.

MATERIALS AND METHODS

Animals

Male Donryu rats about three or four months old were used. The animals
had free access to water and oriental solid food prior to the experiments.
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12 K. KOSHIBA

Isolation of cell membranes

AH 130 strain cell membrane: Cell membranes were isolated from AH 130
strain cells and rat liver cells by a modification (14) of Emmelot et aI's method (1).

Male Donryu rats were injected intraperitoneally with 0.5 ml of AH 130
cells. The animals were killed 8 days after injection and ascites hepatoma cells
were obtained. The cells were once filtered through four-layered nylon cloth.
The filtrate was centrifuged at 1,100 rpm for 10 minutes in a Kubota centri
fuge operated at 4°C, rotor No.3. The pellet was suspended in 1mM NaHCOa
medium and centrifuged at 1,100 rpm for 10 minutes. The pellet was resuspended
in a small quantity of the same medium and homogenized by moving a teflon
pestle up and down in an ice cold surrounding. During the homogenization
a drop of the homogenate was examined under a phase contrast microscope
to check the degree of cell disruption. When the degree of the cell disruption
reached about 80 %, the homogenation was discontinued. The homogenate was
suspended in twenty volumes of the same medium and centrifuged at 2,200
rpm for 10 minutes. The pellet was homogenized in five volumes of 1 mM
NaHCOJ-l mM CaCh medium with a loose fitting teflon homogenizer and
centrifuged at 3,000 rpm for 10 minutes. The supernatant was discarded and
the pellet was homogenized with the same medium and centrifuged at 3,000
rpm for 10 minutes. This procedure was repeated several times until the
supernatant became completely clear. The pellet was suspended in an equi
valent volume of 0.25M sucrose and resuspended in two volumes of sucrose
(d= 1. 34). Five ml of this suspension were transferred into a centrifugal tube
of Spinco Model L preparative ultracentrifuge using rotor 30. Nine ml of 45
per cent sucrose (d= 1.20) and nine ml of 42 per cent sucrose (d= 1.18) and
nine ml of 37 per cent sucrose (d = 1.16) were gently layered over the suspen
sion successively, then centrifuged at 30,000 rpm for one hour. A solid layer
at the interphase between d = 1.16 and d = 1.18 was scooped. This centrifugal
floatation was repeated and the same layer was collected. The fraction so
harvested was suspended with twenty volumes of 1 mM NaHCOa medium and
centrifuged at 10,000 rpm for 20 minutes. The pellet was designated as the
cell membrane fraction.

Rat liver cell membrane: Rats were killed by decapitation, and liver tissues
were perfused with cold lmM NaHCOa (pH 7.4). The liver tissues were re
moved and weighted, chopped by scissors, and added with the same medium
to give one gram of wet weight per 10 ml solution. The tissue was homo
genized with a glass homogenizer by moving the pestle up and down in the
ice cold surrounding. When the degree of cell disruption reached about 80
per c~nt, the homogenization was discontinued. The homogenate was sus
pended in twenty volumes of the same medium. This homogenate was filtered
through four layered nylon cloth to remove tissue. The filtrate was centrifuged
at 2,200 rpm for 10 minutes. The subsequent procedures were identical with
those emplayed in the case of AH 130 cells.

Isolation of AH 130 cell nuclei: The nuclei were isolated from AH 130 cells
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Adenosine Triphosphatase Activity in Cancer Cell 13

by a modified method of WIDNELL and TADA (39). The cells were suspended in
1 mM NaHCOJ (pH 7.4) and centrifuged at 1,100 rpm for 10 minutes. The
pellet was suspended in a small quantity of the same medium, and homo
genized with a Teflon homogenizer by moving the pestle up to down in ice
cold water. The homogenate was added with 1 M sucrose, 1 M CaCh, and
0.2M Tris-HCI buffer (pH 7.4) to make 0.25 M sucrose, 1.8 mM CaCh, and
10 mM Tris-HCl in final concentration. The homogenate was centrifuged at
1,100 rpm for 10 minutes. The pellet was homogenized in the 0.25 M sucrose
1.8 mM CaCb medium with a loose fitting Teflon homogenizer. The homo
genate was gently layered over the 0.34 M sucrose-l.8 mM CaCb layer and
centrifuged at 2,500 rpm for 10 minutes. The pellet was homogenized in the
2.2 M sucrose-l.8 mM CaCb solution of about ten-fold volumes with loose
fitting Teflon homogenizer and centrifuged at 28,900 rpm for one hour. Then
supernatant was discarded. The pellet was suspended in the 0.25 M sucrose
1.8 mM CaCb solution. The suspention was gently layered over the 0.34 M
sucrose-l.8 mM CaCb solution, and centrifuged at 2,500 rpm for 10 minutes.
The pellet was homogenized in the 0.25 M sucrose-l.8 mM CaCh and centri
fuged at 1, 100 rpm for 10 minutes. This pellet was the nuclear fraction.

Isolation oj nuclei Jrom rat liver: The liver tissues were weighted, chopped
by scissors, and added with an ice cold 0.25 M sucrose-l.8 mM CaCh-lO mM
Tris-HCl buffer (pH 7.4) to give one gram of wet weight per 10 ml solution.
The homogenization was carried out with a glass homogenizer in cold water.
The homogenate was on~e filtered through four-layer nylon cloth to removed
connective tissue. This homogenate was centrifuged at 1,100 rpm for 10 mi
nutes. The subsequent procedures were the same as in the case of AH 130
cells.

Isolation oj AH 130 strain cell mitochondria: The cells were filtered through
four-layer nylon cloth. The filtrate was centrifuged at 2,200 rpm for 10 mi.
nutes. The pellet was diluted with 5 volumes of an ice cold 0.25 M sucrose
0.1 mM EDTA.2 mM-Tris-HCl buffer (pH 7.4) and centrifuged at 2,200 rpm
for 10 minutes. The proteinase in the pellet was added to give one milligram
per gram of wet cells and kept at O°C for 15 minutes. This pellet was homo
genized with Teflon homogenizer, the homogenate was diluted in twenty times
with the same medium, and centrifuged at 2,500 rpm for 10 minutes. The
supernatant was centrifuged at 6,000 rpm for 10 minutes. The pellet was
homogenized in the same medium, and centrifuged at 6,000 rpm for 10 mi
nutes. The pellet was homogenized in the same medium. The homogenate
was gently layered over 0.34 M sucrose and centrifuged at 2,500 rpm for 10
minutes. The supernatant was centrifuged at 6,000 rpm for 10 minutes. The
pellet was homogenized in 0.25 M sucrose and centrifuged at 5,000 rpm for
10 minutes. This pellet was taken as mitochondria fraction.

Isolation oj rat liver mitochondria: The liver tissues were weighted, chopped by
scissors and added with an ice-cold 0.25 M sucrose-O.l mM EDTA.2 mM Tris
HCl buffer (pH 7.4) to give one gram of wet weight per 10 ml solution. The
homogenization was carried out with a glass homogenizer. The homogenate was
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14 K. KOSHIBA

centrifuged at 2, 500 rpm for 10 minutes. The pellet was suspended in the
same medium. The homogenate was gently layered over 0.34 M sucrose and
centrifuged at 2,500 rpm for 10 minutes. The following procedures were the
same in the case of AH 130 cells.

Isolation of microsomes from AH 130 cells and rat liver: After the mitochon
drial fraction was removed as described above, its supernatant was centrifuged
for 10 minutes at 10,000 rpm. The microsomes were isolated by centrifugation
of the supernatant tor one hour at 30,000 rpm in a medium identical with
that used for the isolation of plasma membranes or mitochondria. All opera
tions were carried out at O°C or 4°C.

Assay of e~me
The enzyme assay was carried out as follcws: Mg2+-ATPase medium consisted

of 5.0 mM MgClz, 25 mM Tris-HCl buffer (pH 7.6), 5 mM substrate (sodium
salt of ATP, or ADP, or AMP, or 19-91ycerophosphate). The reaction was
conducted with the addition of 0.05-0.10 ml of membrane fractions, and these
fractions were omitted in the control reaction. Mg2+-Na+-K'"-ATPase medium
was added with 100 mM NaCl and 10 mM KCl in the same medium. The
final volume was adjusted to 1.0 ml with deionized water. The final concent
ration of protein of each fraction in the reaction medium ranged from O. 1 to
0.5 mg protein per ml of medium. After preincubation in water-bath for 5
minutes at 37°C, the reaction was started by the addition of 0.1 ml substrate.
The incubation was continued for 15 minutes at 37°C. O.lml of NaN3 (1mM),
NaF (1 mM), or p-chloromercuribenzoate (2 x 10-4M) was added to the substrate
medium for the study of the inhibitory effects upon enzymatic activity. The
reaction was stopped by the addition of 1.0 ml of 1696 cold perchloric acid,
and aliquots of 1.0 ml were taken out for the determination of inorganic phos
phate. The inorganic phosphate was determined by the method of TAKA
HASHI (40), a modification of the method of Berenblum-Chain. Proteins in each
fraction were determined by the method of BIURET (41) or LOWRY (42).

Electron cytochemical demonstration of adenosine triphosphatase activity: For deter
mining the site of ATPase activity, the membrane fractions were fixed for 30
minutes at O°C with 5 per cent glutaraldehyde in 0.25 M sucrose buffered with
o.1M cacodylate buffer (pH 7.4). The cell and tissue were fixed for one hour
with the same medium. They were rinsed overnight in 0.25 M sucrose buffered
with 0.1 M cacodylate. For the demonstration of ATPase activity in these
samples, Wachstain-Meisel medium modified by ODA (9) was used as the incu
bation medium. The medium consists of 5 mM adenosine triphosph~te Na
salt, 50 mM histidine buffer (pH 7.4), 5 mM MgClz, 2 mM Pb (NO.h, 5 mM
KCI, 0.1 M NaCl, and 0.1 M sucrose.

The fixed plasma membranes, nuclei, mitochondria and microsomes were
incubated for 15 minutes at 30°C in a freshly prepared medium. The cell or
tissue was incubated for 30 minutes at 30°C in the same medium. After reac
tion the samples were washed with the following medium: 0.1 M sucrose,
50 mM histidine buffer (pH 7.4), 5 mM KCI, O. 1 M NaCl; and centrifuged.
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Adenosine Triphosphatase Activity in Cancer Cell 15

The tissue and cells were briefly rinsed in the same medium. In order to check
the substrate specificity of the ATPase reaction, ATP was replaced with
ADP, AMP or l3-glycerophosphate.

Electron microscopy

Dehydration, embedding, section staining and microscopy: Samples of the pre
cipitated material were immersed in freshly prepared ice-cold fixative solution
containing I % osmium tetroxide and 0.14 M veronal-acetate buffer (pH 7.4)
for one hour or overnight. The samples were then dehydrated through a series
of ethanol solution of graded concentration, embedded in Epon 812 and
sectioned with the glass knife using a Porter-Blum microtome MT-2. The sec
tions were mounted on copper grids and stained with uranyle acetate and lead
citrate. Specimens were examined in a Hitachi HU-ll-D electron microscope.

RESULTS

Mg2+-Na+-K+-ATPase activity in AH 130 cells and rat liver tissue

Under the experimental conditions employed in this instance, the
Mg2+-Na + -K + -ATPase reaction was confined to both plasma membranes.
The intensity of reaction products in the AH 130- and liver cells was about
the same. The reaction products were distributed on the plasma membrane
in the form of discrete dots. In the AH 130 cells, the enzymatic reaction
products were seen on the microvilli and infolding plasma membrane
(Figs. 1, 2). The same in the liver tissue were on bile canaliculi and plasma
membrane (Figs. 3,4). These electron dense granules were located at the
outer layer of the plasma membrane, but such reaction products were not
detected in nuclei, mitochondria and microsomes. In the case of the AH
130 cell, the enzymatic reaction products could not be recognized when
ADP, AMP and p-glycerophosphate were employed as the substrate.

Mg2+ -Na+ -K+·ATPase activity of AH 130- and rat liver plasma membrane fractions

The plasma membrane isolated from AH 130 cells and rat liver cells
were observed as a triple layered structure of about 80 A in width. The
membrane fraction isolated from rat liver had still adhered to each other
by way of desmosome and tight junction (Figs. 5, 8). But these features
were not recognized in the plasma membrane isolated from AH 130 cells
(Fig. 6). Generally, the cellular membrane fractions exhibited a variety
of structural organization according to their functional specialization in
the cell. The electron cytochemical reaction products in the isolated cell
membrane were located at the inner layer of the membrane (Figs. 7, 9).
On the other hand, in the nuclei, mitochondria and microsomes fixed
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16 K. KOSHIBA

with glutaraldehyde the reaction products were not observed (Figs. 10
19).

Analysis of nonenzymatic hydrolysis oj adenosine triphosphate salt by lead ions

Recently, the nonenzymatic hydrolysis of ATP salt by lead ions or
buffer has been reported (58, 59). In order to elucidate this problem, non
enzymatic hydrolysis of ATP salt by lead ions in the histidine buffer in
stead of Tris.malate buffer was studied by biochemical analysis. As
shown in Table 1, under this experimental condition nonenzymatic hy.

Table I. Effect of Pb (NO;,h on various nucleoside phosphates

Inorganic phosphate liberated mIL moles/mg protein/min

+Pb (NOa)2 -Pb (NOa)2

Histidine buffer

ATP 5 5

Tris-HCI buffer

ATP 9 8

ADP 9 9

AMP 0 1

.8-gly-P 1 1

The test system for electron cytochemical method contained···5 mM Na2ATP, 2 mM Pb (NOa)2,

5 mM MgCI2, 5 mM KCl, 100 mM NaC!, 100 mM sucrose, and 50 mM histidine buffer (pH
7.4), incubation 15 min, temperature 30°C. For biochemical method ... 5mM ATP, ADP,
AMP and .8-glycerophosphate Na salt, 5mM MgCI2, 2mM Pb (NOS)2, l00mM NaCl, lOmM
KCI, and 25mM Tris-HCl buffer (pH 7.6), incubation 15 min, temperature 37°C

drolysis of ATP salt by the Pb ion is not recognized. Thus, in this experi.
mental condition, the reaction elicited by the electron cytochemical and
biochemical methods reflects real enzymatic activities. It seems that the
nonspecific reaction by the nonenzymatic hydrolysis of ATP salt is no t
reflected.

Specific activities of the Mg2+.ATPase, Mg2+.Na+.K+-ATPase, ADPase, AMPase,
and f3.glycerophosphatase of the fresh membrane fractions

The specific activities of freshly prepared membrane fractions are
listed in Tables 2-5. ATPase is a better substrate than ADP and AMP,
while p.glycerophosphate does not serve as substrate. The MgH -ATPase
and Mg2+-Na+-K+-ATPase activities of the plasma membranes and the
Mg2+.ATPase activity of mitochondria were much higher than the corres
ponding activities of microsomes. The ADPase activity of rat liver plasma
membrane was much higher than the activity of other membrane fractions.
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Adenosine Triphosphatase Activity in Cancer Cell 17

Table 2 Effect of glutaraldehyde fixation on ATPase activity in cell components
isolated from rat ascites hepatoma (AH 130 strain) cell

Mg2+-ATPase Mg2+-Na+-K +-ATPase

AH 130 cell

components

Before glutaral
dehyde fixation

~ I ~ I ~ 1 i
After glutaral- Before glutaral- I After glutaral-

dehyde fixation dehyde fixation dehyde fixation
-I---'---,---,-~-

~1~1~li ~1~1~lil~I~I~I!
3

3

4

132 10 5 21 247 28

4 ~O 2 3 21 18 6 3 2 ~Oll 2
13 3 2 ~O 170 41 20 7 22 ~O 3

~O ~O ~O ~O 90 37 34 9 7 1 4

11 33 1117 10

31 1 5 4

131 59 19 11

85 48 20 6

127 26 10

Nuclei

Mitochondria

Microsome

Plasma
membrane

The values indicate specific activity of phosphatase, expressed as m!-L moles of inorganic
phosphate released per mg of protein min. at 37°C
,a-gly-P ...... ,a-glycerophosphate

Table 3 Effect of glutaraldehyde fixation on ATPase activity in cell components
isolated from rat liver cells

M g2+-ATPase Mg2+-Na +-K +-ATPase

Rat liver cell
Before glutaral- After glutaral- Before glutaral- After glutaral-
dehyde fixation dehyde fixation dehyde fixation dehyde fixation

components

I ~ I ~ I

I:l-.
II:l-. II:l-. I t I

I ~ I ~ I ~ 1 ~ I ~ I ~
I:l-. >. I:l-. I:l-. I:l-.
~ 00 ~ ~ ~ I :t ~ ~
<t:

~
<t: I <t: <t:

I

Nuclei 5 ~O! 11 ~O ~O ~O ~O ~O

I
6 1 2 ,..·0

~~I =~
2 ~O

Mitochondria 400 501 141 5 ~O ~O 1 1
I

398 49 19 4 2 2

Microsome 115 471 44 1 ~O ~Ol ~O ~O

!

91 54 39 3 51 1 ~O ~O

Plasma 324111°1 196
1

I
~O 2441 103' -0 -·0 378 74 125 ,..·0 2241 65 0 ,..·0

membrane
I

The values indicate specific activity of phosphatase, expressed as mf! moles of inorganic
phosphate released per mg of protein per min. at 37°C
,a-gly-P ...... ,a-glycerophosphate

Table 4 Inhibitory effects of NaF, NaNs and P. C. M. B. on ATPase and ADPase
activities in the plasma membrane isolated rat ascites hepatoma (AH130) cells

Inorganic phosphate liberated (mf! moles/mg protein/min)

None
I

NaFIO-s
I

NaNslO-s I p.c.m.b. 2xlO-4

M g2+-Na +-K +-ATPase

I

158 195 118 59

Mg2+-Na +-K +-ADPase 29 77 19 25

Mg~+-ATPase

I

95 49 37 17

Mg2+-ADPase 43 59
I

24 27
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18 K. KOSHIBA

Table 5 Inhibitory effects of l\'aF, l\'aN3 and P. C. M. B. on ATPase and ADPase
activities in the plasma membrane isolated from rat liver cells

Inorganic phosphate liberated (mil moles/mg protein/min)

None NaFIO-3 NaN3 1O-3 p. c. m. b. 2x 1O·4

Mg2+Na +-K +-ATPase 436 421 382 363
Mg2+-Na + -K + -ADPase 226 141 94 220
Mg2+-ATPase 408 455 235 292
Mg2+ -ADPase 255 141 78 255

------------------------

The nucleotidase activity of liver plasma membranes, using AMP as sub.
strate, proved to be high, but it was significantly lower in the plasma
membrane preparation of AH 130 cells. The plasma membrane isolated
from AH 130 cells showed much lower Mg2+.ATPase and Mg2+.Na+_K +
ATPase activities than those of the plasma membrane from rat liver. In
general, a specific activity of the AH 130 cell membrane fractions was
much lower than that of the liver fraction. As shown in Tables 2-5, the
liberation of inorganic phosphate was somewhat activated by Na+ and K +
in the plasma membrane. However, the activating effect of Na+ and K+
was not clear at mitochondria and microsome fractions. The activity of
the isolated nuclear fraction was scarcely recognized. It seems that most
of the activity of the AH 130 cell nuclear fraction is an artifact resulting
from the contamination of other membrane fragments.

Effect of glutaraldehyde fixation

Tables 2 and 3 show the effect of fixation with 5 % glutaraldehyde
solution. Activities of the Mg2+.ATPase, Mg2+.Na +·K+.ATPase, ADPase,
and AMPase could be domonstrated in the mitochondrial, microsomal
and nuclear fractions after glutaraldehyde fixation. Mg2+ .ATPase activity
of plasma membrane fractions from both AH 130 cells and liver cells was
not inhibited by fixation in the present condition. On the contrary, the
activity stimulated by Na+ and K + was completely abolished by fixation.
The results of these observations indicate that the localization of Mg2+_
Na+·K +.ATPase activity cannot be demonstrated electron cytochemically.
The AMPase activity of liver plasma membranes was completely inhibited,
but the ADPase activity was not.

Inhibitory effect of NaF, NaNs and p.chloromerucuric benzoate

As shown in Tables 4 and 5 p.chloromerucuric benzoate (1 .0 x 10-4M)
did not a significantly affect (0..-10 % inhibition) the Mg2+.ATPase and
Mg2+.Na+.K-i.ATPase activities of the liver membrane, but inhibited those
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Adenosine Triphosphatase Activity in Cancer Cell 19

activities in AH 130 cell membrane (30%,....,60%). NaNs (lO-SM) inhibited
the Mg2+ .ATPase of both membrane fractions, but had no effect on the
Mg2+-Na+-K+-ATPase nor NaF (lO-SM) had any effect on the Mg2+.ATPase
and Mg2+-Na+-K+-ATPase activities. On the other hand, p-chloromercu
ric benzoate had shown no effect on the ADPase of the both membrane
fractions. NaF and NaNg inhibited the lADPase of rat liver membrane
fraction by 50 %, but no such effect was 0 bserved in the AH 130 cell
membrane.

DISCUSSION

The plasma membrane is currently receiving much attention in mor
phological and biochemical studies by many workers. Especially, the
physical and chemical changes that occur in the plasma membrane of the
cell, the active transport, envelopmental formation of RNA virus, cell
surface antigens, and action of various agents such as enzymes, hormones
and drugs are the subjects of controversy. On the other hand, the molecu
lar structure of the membrane in the interpretation of electron micro
graphs and X-ray diffraction patterns is nothing but an imperfect and
speculative model. The solution of this problem has now been restrained
by lack of the methodology involved with fractionation, purification and
fixation of the membrane.

The methods of NEVILLE (2) or its modification by EMMELOT et al.( 1) are
the procedures employed in the isolation of plasma membranes. By these
methods the yield of membrane is low, and causes drastic alteration of
the cellular structure On the other hand, the isolation can be accomp
lished with an isotonic medium instead of the hypotonic medium, reported
by TAKEUCHI (48), Coleman etal.(5), and Wallach et al.(45-49) Red cell
membrane, mitochondrial and microsomal membranes are easier to prepare
than the plasma membrane. However, microsomal membrane is conti
nuous with the plasma membrane or nuclear membrane at several points,
and the mutual contamination is inevitable. The contamination by other
cellular fragments is higher in plasma membrane fraction obtained from
cancer cell than that from liver cell. Many methods of the membrane
isolation of cancer cell have been reported. WALLACH and KAMAT (45-49)
used Ehrlich ascites cells as material and fractionated by density gradient
centrifugation in sucrose polymer. The electron microscope descriptions
of their final plasma membrane fraction are not available. In the case of
ascites cells, they do not have desmosomes or structures resembling the
bile space. So, it is in fact difficult to distiguish plasma membrane frag-

9

Koshiba: An electron cytochemical demonstration and biochemical analysis

Produced by The Berkeley Electronic Press, 1968



20 K. KOSHIBA

ments from intracellular smooth membrane fragments. In this experi
ment, the separation of the plasma membrane element from AH 130 cell
was more difficult than in the case of the liver.

It is well known that Mt+ -ATPase, MgH-Na +-K"-ATPase and AMP
ase are intrinsic constituents of the liver plasma membrane. On the other
hand, an electron cytochemical demonstration of the activities of these
enzymes in plasma mem brane has been reported by many workers. At
first, GLICK and FISHER (50, 51), introduced the staining method for the
demonstration of ATPase activity. Since then, WACHSTEIN and MEISEL (52)
used lead method for histochemical demonstration of ATPase, and many
histochemical demonstration of ATPase activity in tissue sections have
been reported by light microscopy(53-56) or electron microscopy. However,
this method gives varying results due to the variation in the type of fixa
tion, the time of fixation, the components of incubation medium and its
concentration. NOVIKOFF et al.(57)(1958) have shown that lead does inhibit
ATPase activity. Recently, ROSENTHAL and MOSES (58,59), have reported
that Pb ions cause the nonenzymatic hydrolysis of adenosine triphosphate,
inhibiting ATPase activity. But NOVIKOFF (60) has found that the staining
reactions obtained in the Wachstein-Meisel and similar media reflect real
enzymatic activities for various considerations. On the other hand, MOSES
et al.(61) state that the localization of lead salt deposits to plasma membranes
does not alone constitute sufficient evidence for the localization of enzyme
activity. In the histidine buffer used in this experiment, the nonenzymatic
hydrolysis of adenosine triphosphate was not recognized, but it seems that
a precise examination is necessary for the analysis of specimens of lower
enzymatic activity.

In order to demonstrate the localization of enzymatic activity in situ
with electron microscopy, it is necessary to avoid the migration of soluble
and diffusible enzymes. SABATINI et al. (20) introduced the preservation
method of cellular ultrastructure and enzymatic activity by aldehyde
fixation The prefixation of glutaraldehyde has been used by many wor
kers in the recent years The preservation of morphology proves to be
sufficiently good with the use of glutaraldehyde. But enzyme activity
cannot always be determined satisfactorily. The biochemical analysis
suggests that the ATP splitting enzymes are widely localized in the plasma
membranes, mitochondria, microsomes, muscle fibers, and others. After
the fixation with glutaraldehyde, however, ATPase activity is mainly
demonstrated in the plasma membrane and cannot be demonstrated in
other membrane fractions. It has been found that the increase of Mg2+_

ATPase activity due to the addition of Na + and K + ions was abolished by
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glutaraldehyde fixation. Such evidences indicate that only Mg2+.ATPase
is demonstrable by electron cytochemical method.

In the present work, data indicate that N+ and K + activation of Mg2+.
ATPase activity cannot be demonstrated histochemically, although it is
not clear whether or not Mg2+.ATPase and Mg2+.Na+.K+.ATPase are dif·
ferent enzymes. It seems, however, that many observations reflect the
structural differences in enzymic proteins in the plasma membrane(64.66).

The mitochondria and microsomes are rich in Mg2+.ATPase activity,
but the increase in activity due to the additon of Na+ and K + ions is not
recognized, and ATPase activity is inhibited by glutaraldehyde. The
ADPase and AMPase activities of these fractions are low, being inhibited
by the fixation. Thus the electron cytochemical localization of ATPase,
ADPase and AMPase activities of these fractions cannot be demonstrated
after glutaraldehyde fixation.

It is reported that AMPase is present in plasma membrane (l )(3)(26)
(67)(70)(71) and periplasm space of bacteria (69). AMPase activity of plasma
membrane is higher than that in other fractions. But this activity is com·
pletely inhibited by glutaraldehyde. On the other hand, ADPase activity
of the plasma membrane has been demonstrated in bile canaliculi or micro·
somes of the liver by the use of biochemical(l, 3, 72), histochemical(73) and
electron microscopic methods(7, 63). EMMELOT et al.(3) state that the ADPase
activity measured at pH 7.2 in the liver plasma membrane is zero or very
small, and this lower activity may be due to either the loss or the inacti·
vation of the enzyme during isolation of the membrane. The high activity
found in this experiment in vitro may be due to the difference in the meth·
ods of isolating the membrane.

HORI et al. (73) reported the existence in bile canaliculi of more than
two enzymes such as ATPase, formalin-resistant ATPase-like enzyme,
ADPase and apyrase in their histochemical study of ATPase in cytoplasm.
ADPase activity in the liver plasma membrane fraction was considered to
be due to the existence in bile canaliculi of enzymes which are related to
the dephosphorylation of both ATP and ADP. In fact, ADPase activity of
isolated liver plasma membranes was not inhibited by glutaraldehyde and
peMB, but this activity was inhibited by NaF and NaN~. All these
characteristics well accord with those of the results reported by HORI et
al.(73). On the other hand, ADPase activity of the AH 130 plasma memb.
rane showed a very low activity. Hence, it may be considered that this
activity is largely due to bile canaliculi structure. According to the bio·
chemical and electron cytochemical data reported herein, it is clear that
Mg2+-ATPase activity is detectable only in the plasma membrane when
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fixed with glutaraldehyde. For the characterization of the isolated memo
brane, the absolute marker is necessary. Reported membrane markers are
chemical, morphological and immunological markers. EMMELOT et al (77)
(17) reported that sialic acid is a chemical component of rat liver plasma
membrane as demonstrated by the biochemical and electron cytochemical
methods. However, it is not well known whether sialic acid exists only in
the cytoplasmic membrane and its cytochemical reaction is inhibited by
fixation. BENEDETTI et at. (78) report that hexagonal pattern of the memb
rane can be demonstrated after negative staining at 37°C of isolated
plasma membranes from rat liver. But SEKI et at. (79) state that the hexa
gonal pattern recognized in the liver plasma membrans can scarcely be
seen in AH 130 cell. Likewise, the histological features such as desmo.
somes, bile spaces and globular knob are not recognized in AH 130 cell.
MARINETTI et at. (80) claim that a fluorcesent stilbene isothiocyanate
disulfonic acid serves as a specific chemical marker for the plasma mem
branes of an intact cell. However, a specific chemical marker in the cell
fraction is invariably found in the mitochondrial fraction.

The characterization of structure and function of the plasma mem
brane has been reported by several authors. It appears, however, most
reasonable to conclude from the results of our investigation that an elect
ron cytochemical reaction of Mg2+.ATPase activity may serve as an effec.
tive means of special marker for the plasma membranes of cancer and
liver cells.

SUMMARY

1. The studies of structure and function of the plasma membranes
of cancer cells is extremely important for the elucidation of specificity of
phenotypes of cancer cells. In order to bring this subject to light, plasma
membranes, mitochondria, microsomes and nuclei have been isolated
from the AH 130 ascites carcinoma cells and rat liver cells. The electron
cytochemical observations and biochemical assays of Mg2+.Na+.K+-ATP.
ase, ADPase, AMPase, and p.glycerophosphatase activities have been
carried out before and after the fixation with glutaraldehyde.

2. Mg2+.ATPase and Mg2+.Na+·K +.ATPase are present in the isolated
plasma membranes, mitochondria and microsomes in both AH 130 cells
and rat liver cells. ADPase and AMPase of the mitochondria and micro
somes show far lower activities than those of the corresponding enzymes
found in rat liver plasma membrane. ADPase and AMPase of AH 130
cell fraction exhibit activity much lower or zero. Generally, enzymatic
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activity of the AH 130 cell fraction is much lower than that of rat liver
cell fraction.

3. Mg2+-Na+.K+.ATPase is completely abolished by 5 % glutaral
dehyde fixation while it shows less effect on Mg2+-ATPase in the plasma
membrane. ADPase and AMPase activities of the mitochondria and mi·
crosomes are completely inhibited by glutaraldehyde fixation. AMPase
of the plasma membrane of rat liver is completely abolished while ADPase
activity is not affected in any way.

4. Only Mg2+·ATPase can be demonstrated electron cytochemically.
Cytochemical reaction products of Mg2+-ATPase are located at the outer
layer of the plasma membrane of the AH 130 cells and rat liver tissue. In
the isolated membrane fractions it is located at the inner layer.

5. p-Chloromercuribenzoate has only a slight effect on Mg2+.ATPase
and Mg2+-Na+-K+-ATPase activities of the rat liver membrane, while it
inhibits these enzyme activities in the AH 130 cell membrane. NaF
(1 mM) and NaNa (1 mM) inactivate ADPase of the rat liver plasma memo
brane.

6. In these experimental conditions, nonenzymatic hydrolysis of
ATP by lead ions is not recognized.

7. It seems most reasonable to conclude that cytochemical electron
microscopic demonstration of MgH-ATPase after fixation with glutaral
dehyde may serve as the absolute marker for the plasma membrane of
ascites hepatoma and liver cells.
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Explanation of Figures

Key to Abbreviations

N: Nucleus, M: Mitochondria, G: Golgi apparatus, ER: Endoplasmic reticulum,
Mi: Microvilli, D: Desmosome

Fig. 1 An electron micrograph of ascites hepatoma (AH 130) cell. Fixation: 1% OS04,
Staining: uranyl acetate and lead citrate. Microvilli, Golgi apparatus, mitochon
dria, endoplasmic reticulum, lysosome, nuclei and polysome are shown in the cyto
plasm. X 25,000
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Fig. 2 An electron cytochemical demonstration of magnesium ion-activated adenosine triphos
phatase of AH 130 cells. Fixation: 5 % glutaraldehyde, Staining: uranylacetate and
lead citrate, Postfixation: 1% OS04, Reaction product is seen in the plasma mem
brane including microvilli membrane. Organellae in the cytoplasma free of reaction
product. X 15,000

Fig. 3 An electron micrograph of normal rat liver. Fixation: 5 % glutaraldehyde, Post
fixation: 1% OS04, Staining: uranyl acetate and lead citrate. X 40,000

Fig. 4 An electron cytochemical demonstration of magnesium ion-activated adenosine
triphoshatase of normal rat liver. Fixation: 5 % glutaraldehyde, Post-fixation:
OS04, Staining: uranyl acetate and lead citrate. Reaction product is seen in the
plasma membrane and membrane of bile canaliculus microvilli. Mitochondria and
endoplasmic reticulum are free of reaction product. X 15,000

Fig. 5 An electron micrograph of a crude nuclei fraction isolated from normal rat liver
cells. Fixation: 1% OS04, Staining: uranyl acetate and lead citrate. Nuclei, plasma
membrane and connective tissue are seen. The plasma membrane is shown still
adhering to each other by way of desmosomes or tight junction. XIS, 000

Fig. 6 An electron micrograph of isolated AH 130 plasma membrane. Fixation: 1% OS04,
Staining: uranyl acetate and lead citrate. X 56,000

Fig. 7 An electron cytochemical demonstration of magnesium ion-activated adenosine
triphosphatase of isolated AH 130 plasma membrane. Fixation: 5 % glutaraldehyde.
Post-fixation: 1% OS04, Staining: uranyl acetate and lead citrate. Reaction pro
duct is seen in the inner side of the plasma membrane. X 80,000

Fig. 8 An electron micrograph of isolated rat liver plasma membrane. Fixation: 1% OS04,
Staining: uranyl acetate and lead citrate. X 25,000

Fig. 9 An electron cytochemical demonstration of magnesium ion-activated adenosine triphos
phatase of isolated rat liver plasma membrane. Fixation: 5 % glutaraldehyde, Post
fixation: 196 OS04, Staining: Uranyl acetate and lead citrate. X 112,000

Fig.lO An electron micrograph of mitochondrial fraction of AH 130 cell. Fixation: 1%
OS04, Staining: uranyl acetate and lead citrate. X 20,000

Fig. 11 An electron cytochemical demonstration of magnesium ion-activated adenosin triphos
phatase of isolated mitochondria of AH 130 cell. No reaction product is observed.
Fixation: 5 % glutaraldehyde, Post-fixation: 1% OS04, Staining: uranyl acetate
and lead citrate. X 20,000

Fig.12 An electron micrograph of mitochondrial fraction of rat liver cell. Fixation: 1%
OS04, Staining: uranyl acetate and lead citrate. X 33,000

Fig.13 An electron cytochemical demonstration of magnesium ion-activated adenosine triphos
phatase of isolated mitochondria of rat liver cells. Fixation: 5 % glutaraldehyde,
Post-fixation: I % OS04, Reaction product is not seen in the inner or outer mem
brane. X 33, 000

Fig. 14 An electron micrograph of microsomal fraction of AH 130 cell. Fixation: I % OS04,
Staining: uranyl acetate and lead citrate. X 42,000

Fig. 15 An electron cytochemical demonstration of magnesium ion-activated adenosine tri
phosphatase of isolated microsomes of AH 130 cell. Fixation: 5 % glutaraldehyde,
Post-fixation: I % OS04, Staining: uranyl acetate and lead citrate. Ribosome is
seen, but reaction product is not. X 108,000

Fig.16 An electron micrograph of microsomal fraction of rat liver cell. Fixation: I %
OS04, Staining: uranyl acetae and lead citrate. X 90,000

Fig. 17 An electron cytochemical demonstration of magnesium ion-activated adenosine tri
phosphatase of isolated microsomes of rat liver cell. Fixation: 5 % glutaraldehyde,
Post-fixation: 1 % OS04, Staining: uranyl acetate and lead citrate. Ribosome is
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seen, but reaction product is not. X 56,000
Fig.18 An electron cytochemical demonstration of magnesium ion-activated adenosine tri

phosphase of isolated nuclei of rat liver cell. Fixation: 596 glutaraldehyde, Post
fixation: I 96 OS04, Staining: uranyl acetate and lead citrate. Reaction product
is not seen. X 10,000

Fig. 19 An electron cytochemical demonstration of magnesium ion-activated adenosine tri
phosphatase of isolated nuclei of AH 130 cell. Fixation: 596 glutaraldehyde, Post
fixation: 1 96 OS04, Staining: uranyl acetate and lead citrate. Reaction product
is not seen. X 12, 800
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