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Pinocytic vesicles are formed in macrophages from
tiny invaginations of the surface membrane. Dur-
ing their movement towards the centrosomal re-
gion of the cell, these pinocytic vesicles commonly
fuse with one another to form vacuolar structures
0.5-1.0 in diameter. These pinocytic vacuoles
soon acquire hydrolases and become secondary
lysosomes; over the course of several hours, they
assume the appearance of dense bodies (1,2).

Several morphologic features of pinocytic vacu-
oles in macrophages are notable. Their surface
membrane is usually quite irregular, and they
often are surrounded by small vesicular elements
resembling the Golgi vesicles of this cell. It has
been proposed that these Golgi vesicles are pri-
mary lysosomes which carry newly packaged hy-
drolases and that they fuse with the pinocytic
vacuole and thus transfer enzymes to it (reviewed
in references 3 and 4). The pinocytic vacuole has
generally an electron-lucent content with a small
amount of amorphous material and a few small
vesicles which resemble the surrounding outside
vesicles. No conclusive information is available on
the mechanism of transportation or formation of
these internal vesicles in pinocytic vacuoles or in
other types of multivesicular bodies (discussed in
references 3 and 5), although this subject has been
much discussed.

Recently we have developed a fixation pro-
cedure involving simultaneous exposure of cell
monolayers or suspensions to glutaraldehyde and
osmium tetroxide followed by uranyl acetate
"postfixation" (6). This technique results in much
sharper membrane definition in macrophages
than was previously possible, and its use has led
to observations which appear to confirm the hypo-

thetical fusion of Golgi vesicles with pinocytic
vacuoles. Other findings with this method point
to a possible mechanism for formation of the
vesicles inside the pinocytic vacuole.

MATERIALS AND METHODS

Mouse peritoneal macrophages were cultured in T
flasks as described elsewhere (1). The culture medium
was decanted, and the cell sheets, while still warm,
were flooded with a cold, fresh mixture of glutar-
aldehyde and osmium tetroxide. The flasks were
allowed to stand on chipped ice for approximately 2
min, then they were scraped from the glass surface
with a sharp plastic policeman, transferred to cold
3-ml conical tubes, and centrifuged at 300 g for 1 min.
After aspiration of the supernatant fluid, the cell
pellet was resuspended and kept atO0 C for 30 min in a
fresh 2-ml aliquot of the mixed fixative and then proc-
essed in the cold through washings, uranyl acetate
postfixation, and agar embedding steps as described
in detail elsewhere (6). Thin sections were cut with a
diamond knife on a Porter-Blum microtome and
picked up on 200-mesh copper grids which had been
lightly coated with Formvar and carbon. Sections
were stained with uranyl acetate and lead citrate (7)
and were examined and photographed in a Siemens
Elmiskop I using 80 kv and a 50 objective aperture.

RESULTS AND DISCUSSION

Fig. 1 shows the centrosomal region of a macro-
phage, with centrioles at the left and a pinocytic
vacuole on the right. In the field also are seen
numerous small vesicular elements, stacks of Golgi

cisternae, mitochondria, and a few short strips of
partly rough and partly smooth endoplasmic re-
ticulum. The pinocytic vacuole has an irregular
surface, and at places (arrow) the contour sug-
gests that surrounding vesicles have just fused with
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FIGunE 1 The centrosomal region of a macrophage cultured in vitro for 24 hr in a medium containing
20% serum. Centrioles (C) are seen at the lower left. A pinocytic vacuole (PV) shows an irregular margin
with membrane profiles in places (arrow) which suggest that surrounding vesicles have just fused with,
or are about to bud from, the vacuole. The content of the pinocytic vacuole is electron lucent, showing
only a small amount of amorphous material and a few vesicular elements. Also seen in this field are
Golgi cisternae (GO0), mitochondria (M), polyribosomes, and a few short strips of dilated endoplasmic
reticulum. Especially to be noted are the large numbers of vesicular structures which vary in size and
and in fine structure. X 45,000.

FIGURE 2 A pinocytic vacuole (PV) in a macrophage which has been cultured for several hours in a
medium containing colloidal gold. A part of the nucleus is at the upper left. Mitochondria and dilated
strips of endoplasmic reticulum are also present in the field. The pinocytic vacuole is filled with particles of
colloidal gold, but the few vesicular structures inside and the numerous vesicles outside do not contain
gold; this indicates that most of them are probably not pinocytic vesicles arising from the cell surface
or arising by budding from the pinocytic vacuole. X 60,000.



or budded from it. The inside of the pinocytic
vacuole is generally electron lucent, containing,
however, a small amount of amorphous material
and a few small vesicles which resemble those seen
outside.

Fig. 2 is a slightly higher magnification of the
perinuclear region of a macrophage incubated for
several hours in a medium containing a nontoxic
concentration of colloidal gold. As demonstrated
in previous studies (2), gold particles are taken
into the cell in small pinocytic vesicles which form
by invagination of the surface membrane; these
vesicles fuse with one another to form vacuoles
while being transported to the centrosomal region.
The pinocytic vacuole shown in Fig. 2 contains
many gold particles, but neither the vesicles inside
the vacuole nor those clustered around the outside

of the vacuole contain gold marker; this indicates
that they are probably not primarily of pinocytic
origin. Most of the vesicles surrounding the pino-
cytic vacuole thus probably represent elements de-
rived from the Golgi complex.

Fig. 3 shows a macrophage in which a Golgi
vesicle has apparently been fixed while in the act
of fusing with the pinocytic vacuole. The vesicle
at arrow 2 has a stalk showing that its membrane
is continuous with that of the vacuole. From this

FIGURE 3 A vesicle apparently fusing with a pinocytic
vacuole in a macrophage. We interpret the profiles
indicated by arrows 1, 2, and 3 to represent, respec-
tively, vesicles fixed before, during, and after their fu-
sion with the pinocytic vacuole. Vesicle 2 has a stalk
showing that its membrane is apparently continuous
with that of the pinocytic vacuole (PV). Golgi cisternae
are seen at upper right. X 45,000.

FIGURE 4 This figure shows one mechanism by which
vesicles may be formed within pinocytic vacuoles.
The arrow points to an apparent invagination of the
pinocytic vacuole (PV) membrane, with pinching off
to form a vesicle. The structure of this nascent vesicle
is identical with that of the other vesicles seen within
the pinocytic vacuole; the membranes around these
vesicles stain less intensely than does the vacuolar
membrane. This particular pinocytic vacuole was found
in a macrophage culture containing 30 pg/ml of
chloroquine; other similar but less convincing examples
of invagination of the pinocytic vacuolar membrane
have been seen in cultures not exposed to chloroquine
or other drugs. X 45,000.

picture alone, one might question the direction of
this process, i.e. is the vesicle fusing with the pino-
cytic vacuole, or is it budding from it? However,
as mentioned above, the vesicles surrounding
gold-marked pinocytic vacuoles usually do not
show any gold content; thus, the possibility that
they are formed by budding is rendered unlikely.

Fig. 4 illustrates a mechanism for formation of
the internal vesicles in pinocytic vacuoles of macro-
phages. An invagination of the vacuolar mem-
brane appears to be pinching off (arrow) to form
a vesicle. This "nascent" vesicle shows a mem-
brane less intensely stained than the adjacent
vacuolar membrane; in this and general morpho-
logic features, it resembles the other internal
vesicles. Thus the vesicles inside these pinocytic
vacuoles may not be Golgi or other cytoplasmic
vesicles which somehow have been transported
across the pinocytic vacuolar membrane, but
rather they may arise from invagination of vacuo-
lar membrane by a process analogous to phago-
cytosis or pinocytosis at the cell surface. If such an
interpretation is correct, then the vesicles inside
pinocytic vacuoles contain cell sap, and their for-
mation represents a form of autophagy. An alter-
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native explanation for the picture is that it por-
trays fusion with the vacuolar wall of one of the
inner vesicles about to discharge its contents into
the cell sap. Although this latter possibility cannot
be ruled out, it seems generally less likely; the
shape of the vacuolar membrane adjacent to the
vesicle (arrow) suggests an invagination process.

A similar invagination mechanism has been pro-
posed previously to account for multivesicular
body formation in other cells and situations (8-
11). Multivesicular bodies are of many different

types, and almost certainly they arise in different
ways. In some instances the small internal vesicles

give positive histochemical reactions for acid
phosphatase (3, 4, 12, 13). Multivesicular bodies
may be formed in some cells when smooth endo-
plasmic reticulum or other cell membranes en-
velop Golgi vesicles during formation of auto-
phagic vacuoles (3, 8), or they may develop during
intermediate or late stages of the intracellular
digestive process (14, 15).
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