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SUMMARY

Several approaches were used to study the determinants of
phagosome-lysosome (P-L) fusion in intact mouse macrophages. Lysosomes
were labeled with the fluorescent vital dye acridine orange and the rate
and extent of their fusion with yeast-containing phagosomes was moni-
tored by fluorescence microscopy. Fusion was also assayed by electron
microscopy, using horseradish peroxidase or thorium dioxide as markers
for secondary lysosomes. Good agreement was found with results obtained
from vitally-stained cells, thin section samples using an enzymatic

marker, and thorium dioxide-labeled samples evaluated by stereology.

The rate of fusion as assayed by fluorescence was not affected by
the number of particles ingested, serum concentration, or prior uptake
of digestible or non-digestible substances. Fusion was also not affected
by enzymatic modification or concanavalin A crosslinking of the plasma
membrane or by coating the phagocytic particle with concanavalin A or im-

G 10_4 M colchicine, or treat-

mune serum. Pretreatment of cells with 10
ment immediately after ingestion with 1 - 10 pg/ml cytochalasin did not
alter P-L fusion; implying that the cytoskeleton does not control fusion

in a rate-limiting way.

With the fluorescence assay it was possible to observe the rate of
fusion separate from and uninfluenced by the phagocytic rate. Both the
rate and extent of fusion were dramatically increased after several days
in culture and similar changes were found using the EM assays. Fusion
was strongly affected by incubation temperature, having a QlO of 2.5.

No detectable fusion occurred below 15°C, and this inhibition was rapidly
reversed when cells were returned to 37°C. Fusion was strikingly ele-
vated in 5 hr cultures of activated macrophages from immune-boosted mice.
A lower enhancement was seen in cells activated by proteose-peptone, a

non-specific inflammatory agent.



Treatment with the tumor promoter, phorbol myristate acetate
(PMA) caused a striking increase in the rate and extent of P-L fusion.
Exposure of cells to phorbol, free myristate, or the monoesters of PMA
did not reproduce this effect. Macrophages required from 2 - 3 hr of
pretreatment to express maximal P-L fusion and this was maintained for

at least 20 hr when cells were returned to PMA-free medium.

Catalase, superoxide dismutase, indomethacin and hydrocortisone,

agents which are known to block the effect of PMA on H 0;, prosta-

38
glandin or plasminogen activator, did not affect the stimulation of P-L
fusion by PMA. The effect of PMA was blocked by 10 ug/ml puromycin or

5 ug/ml cycloheximide when cells were preincubated for 2 hr with the
protein synthesis inhibitor and exposure to the inhibitor maintained
during incubation with PMA and subsequent assay. Similar treatments
with puromycin or cycloheximide had no effect on the high rate of fusion

in four day cells.

Labeled PMA was rapidly taken up by macrophages, with a plateau of
uptake at about 3 hr. When cells were returned to PMA-free medium, cell-
associated label was rapidly released, returning to background levels
within 1 hr. The released label was found to be a metabolite of PMA by
thin layer chromatography. This product migrated between the mono-
ester, phorbol-12-myristate, and free phorbol. Rapid metabolism of PMA
was also observed by a macrophage cell line, J774, and to a lesser extent

by primary rat embryo fibroblasts.

P-L fusion was markedly inhibited by several days of culture in vari-
ous polyanionic compounds such as dextran sulfate (DS), which were endo-
cytosed and concentrated in secondary lysosomes. Polyanions did not in-
hibit pinosome-lysosome fusion, as assayed by the intracellular degrada-
tion of a pinocytic marker, by electron microscopy, and by monitoring the
transfer of a pinocytic marker to a lysosome-enriched fraction obtained

from polyanion-treated cells.

The inhibition of P-L fusion did not appear to be due to alterations
in lysosomal pH, to changes in membrane structure as assayed by freeze-

fracture analysis or to alterations in the cell's phospholipid composition.
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A tritium-labeled DS was purified and characterized. Soluble

H-DS was endocytosed by cells at a linear rate for up to 100 hr of cul-
ture, and caused P-L fusion inhibition after 3 - 4 d of uptake. More
rapid uptake of DS accurred when it was presented to cells in the form
of a DS-low density lipoprotein (LDL) complex. Under these conditions,
fusion was inhibited after 3 - 4 hr of uptake. Macrophages endocytosed
large amounts of LDL after acetylation of the lipoprotein, but LDL by
itself did not affect fusion. The inhibition of P-L fusion by polyanions

thus may be due to an interaction of the polyanion with the lysosomal

membrane.
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1. INTRODUCTION. MEMBRANE FUSION

Membrane fusion has been extensively studied in several model
systems which will be discussed first. Several of the morphological
and biochemical observations on intracellular membrane fusion will then

be presented.

A. Artificial Membranes

Studies on artificial membranes suggest possible mechanisms which
could cause fusion of biological membranes. In many systems, however,
it is difficult to evaluate if membrane fusion, rather than lipid-lipid
exchange or endocytosis of liposomes by cells, is actually occurring.
The direct extrapolation of observations on simple liposomes to complex

biological membranes may also not be warranted.

The fusion of liposomes composed of acidic phospholipids such as
phosphatidyl serine has been extensively studied by Papahadjopoulos and
his colleagues (see 1, 2 for review). These vesicles are ordinarily
refractory to fusion either above or below the transition temperature.
Papahadjopoulos postulates that liposome fusion begins with charge neu-
tralization (caused by either Mgz+ or Ca2+) followed by aggregation of
vesicles and close apposition of the bilayers. Only Ca2+ is thought to
be able to induce trans complexes or 'bridges" between the phospholipid
head groups, leading to the elimination of water from the bilayer com—
plex. An isothermic phase change of the acyl chains from a fluid to a
crystalline state, as detected by differential scanning calorimetry, is
thought to be a key event in the actual fusion of the apposed bilayers.
Localized heat from acyl chain crystallization may provide energy for
fusion at the boundaries of crystalline domains. The triggering of exo-

cytosis by an influx of calcium and the distribution of negatively charged




phospholipids on the cytosolic side of the plasma and intracellular
vesicle membranes are proposed as evidence that similar mechanisms

could be acting in vivo during exocytosis.

The fusion of liposomes with planar lipid bilayers has also been
characterized. In one example of this type of study (3, 4 ), fusion
was assayed both by the incorporation of a vesicular membrane marker into
the planar bilayer and by the transfer of vesicle content across the
Planar bilayer. The incorporation of voltage dependent anion channels
in the vesicle membrane enabled the assay of fusion by monitoring sudden
changes in the conductance of the planar bilayer. Fusion required an
osmotic gradient across the planar bilayer, with the vesicle-containing
side hyperosmotic. Fusion could be greatly potentiated by micromolar
calcium when a calcium-binding protein, purified from synaptic mem-

branes, was incorporated into the planar bilayer.

B. Virus-Membrane Fusion

The role of proteins in membrane fusion has been best studied in
several virus systems, using virus-induced cell-cell fusion, virus

penetration, hemolysis, or virus-liposome fusion as assays.

For paramyxoviruses such as Sendai and SV5 ( 5, 6 ), the two mem-
brane glycoproteins of the virus have different roles in the fusion
process. The HN glycoprotein has the hemagglutinating and neuramini-
dase activity and appears to be necessary for virus-cell binding. The
F glycoprotein appears responsible for the fusion activity of the virus.
Thus, inactive FO is activated by proteolytic cleavage, resulting in two
disulfide-linked subunits of active F, which now mediates infection and
cell-cell fusion. Antibodies to F block fusion but not hemagglutination
( 7), and purified F reconstituted into membranes will cause hemolysis
when wheat germ agglutinin is present to mediate liposome-red blood cell

binding ( 8 ).




In some host cells infected with herpes simplex virus, cell fusion
depends on the levels of two viral glycoproteins (9). One glycopro-
tein, B2’ appears to promote cell-cell fusion, while the level of the
other, C2’ correlates with suppression of fusion. C2 can suppress
fusion even in the presence of the fusion promoter BZ'

Another interesting mechanism of virus-membrane fusion was first
characterized using Semliki Forest virus (10,11) and some aspects have
since been extended to other viruses (12). Semliki Forest virus binds to
cell surface receptors and is endocytosed. Upon exposure to the low pH
of lysosomes or other intracellular vacuoles, fusion between the virus and
vacuole membranes is induced, releasing the nucleocapsid into the cyto-
plasm. This low pH-induced fusion was also observed when virus-
liposome fusion was assayed (13). Again, the viral spike protein is
required, although it is not clear which of the virus spike polypep-
tides are mediating fusion. In the liposome fusion assay, cholesterol
is strictly required, as opposed to the situation in the simple liposome
systems already discussed. Also in contrast to the simple liposome
systems, virus-liposome fusion occurred with high efficiency in the ab-
sence of divalent cations. Fusion was maximal at temperatures above

30°C but occurred to a lesser extent (25% of maximal) even at 0°c.

C. Exocytosis -- An Example of Intracellular Membrane Fusion

One of the best-studied examples of the fusion of biological mem-
branes is the fusion of intracellular vesicles with the plasma membrane
which occurs during exocytosis. Several different cell types have been
utilized in these studies and the similarities and differences between

them are of interest.

Exocytosis in several protozoa has been studied extensively, using
both morphology and genetics to define the stages and pathways which oc-
cur. In Tetrahymena, the orderly surface topography of cilia and second-

ary meridians made possible the correlation of mucocyst "docking" position

e g



with specific sites on the plasma membrane where exocytosis occurs
(14, 15). A rosette of large intramembrane particles (IMPs) is found
at this site. An anulus of smaller IMPs rims the region on the muco-
cyst where fusion appears to initiate. Fusion is postulated to occur
between these two IMP-depleted regions, which probably correspond to
lipid-enriched, protein-depleted areas. A calcium ion flux appears to

be the trigger for exocytosis.

A similar exocytotic process occurs during trichocyst secretion in
Paramecium tetrauralia (15,16 ). Exocytosis-deficient mutants have been
analyzed by freeze-fracture, trichocyst microinjection and sexual con-
jugation. This dissection enabled the separation of various parts of
the exocytotic pathway. A similar docking site and vesicle annulus are
seen. Complementation of the various mutants suggests that a cytoplas-
mic factor may also be involved. The rosettes may be the site of a

calcium ATPase activity (16 ) which triggers fusion.

Membrane specializations also may determine the sites of synaptic
vesicle fusion in the neuromuscular junction. A ridge, flanked on either
side by two rows of large IMPs, characterizes the active zone, an area
where vesicles are more likely to fuse ( 17,18,19 ). Quick freezing
and freeze-fracture techniques have been used to capture the early
stages of vesicle fusion upon nerve stimulation. Vesicles appear most
likely to fuse in an area 70 nm from the center of the active zone.
Fusion appears to be random, with both active zones and individual
vesicles behaving independently of one another. Since calcium is known
to trigger actual vesicle fusion, the ordered IMPs could be calcium
channels which mediate its influx. The small size of the vesicles made
it impossible to visualize the initial site of fusion in freeze-fracture

preparations.

Degranulation in mast cells is a concerted, rapid, exocytotic event
involving first vesicle-plasma membrane fusion and then vesicle-vesicle
fusion (20,21,22). Sensitized cells, which have cytophilic IgE bound
to Fc receptors on their surfaces, are stimulated to degranulate by the

cross-linking of surface IgE. Concanavalin A (Con A) or anti-IgE cross-

=
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linking will serve as triggers, as will the calcium ionophore A23187.
Con A covalently coupled to a bead will induce localized degranulation

at the site of contact ( 21).

Freeze-fracture studies of resting mast cells reveal no apparent
specializations on the plasma or vesicle membranes ( 20,21,23). During
exocytosis, extensive areas of contact between vesicle and plasma mem-—
brane are seen in fixed and glycerinated specimens ( 20,23). 1In these
studies, areas of membrane fusion again appear depleted of particles.
Also, in thin sections, ferritin-coupled ligands did not bind to fusing
areas of the plasma membrane (20), implying that fusion occurred be-
tween protein-depleted areas. In quick-frozen specimens ( 22), however,
IMP clearing and extensive contact of vesicle and plasma membrane are
not seen. Narrow pores between membranes are the first signs of fusion
observed. IMP segregation and membrane contact are likely pre-fusion

events, but may be limited to a small domain.

A morphological study of phagocytizing polymorphonuclear leukocytes
(24) revealed no symmetrical arrangements of IMPs such as those seen in
protozoa or in the neuromuscular junction. IMP-free regions were seen
in newly formed phagolysosomes or on the plasma membrane when exocytosis
was triggered by A23187. Whether these areas would be observed in quick-

frozen specimens is not known.

These in vitro and in vivo systems demonstrate both the similari-
ties and differences which exist in several fusion events. It is of in-
terest to compare phagosome-lysosome fusion to these systems, although
the triggers and molecular mechanisms involved may not be the same. It
is evident from the virus-liposome fusion systems that biological membrane
fusion is likely to be controlled by protein as well as lipid-lipid inter-
actions, and that calcium is not likely to be the universal trigger for
membrane fusion. The various studies do suggest that the control and
specificity of membrane fusion could be maintained by various mechanisms:
the controlled migration of vesicles to certain regions of the cell, the
presence of specific proteins in the membrane, the ability of a membrane

domain to generate a flux of calcium or a pH change, or the movement of




membrane proteins within the plane of the membrane to generate a
localized protein-depleted area. Several of these control mechanisms

can be evaluated, albeit imperfectly, for their role in controlling

phagosome-lysosome fusion.




2. INTRODUCTION. PHAGOSOME-LYSOSOME FUSION

A. Assay Systems for Phagosome-Lysosome Fusion

Phagosome-lysosome (P-L) fusion has usually been assayed by elec-
tron microscopy, using electron-dense secondary lysosome markers such
as ferritin, colloidal gold or thorium dioxide, or staining for enzymes
such as acid phosphatase or exogenously-fed peroxidase. Several other

assays have also been developed:

The functional consequences of the fusion of phagosomes with lyso-
somes are the basis for two types of assays. First, the digestion of a
particle such as radiolabeled bacteria by lysosomal hydrolases was used
as an indirect measure of P-L fusion ( 25). P-L fusion was also
measured indirectly in experiments where yeast particles labeled with
pH indicator dyes were endocytosed by polymorphonuclear leukocytes, and

the pH change detected assumed to reflect fusion with lysosomes ( 26).

More direct measurement of P-L fusion was made possible by the iso-
lation of phagocytic vacuoles, first described by Wetzel and Korn ( 27)
for Acanthamoeba, a free-living, phagocytic amoeba. This procedure is
based on the floatation of polystyrene latex-containing phagocytic
vacuoles in a sucrose step gradient. This rational was used to assay
P-L fusion in macrophages by monitoring the transfer of acid phospha-

tase to polyvinyltoluene bead ( 28) or paraffin oil emulsion ( 29)-

containing phagosome fractions, similarly isolated on gradients. These
assays require large numbers of cells and make detailed rate studies
difficult. While they allow quantitation of fusion, they do not assess
heterogeneity of the response. P-L fusion in these systems is charac-
teristically very rapid and no further transfer of acid phosphatase

is observed fifteen minutes after particle ingestion.




Oates and Touster ( 30,31,32) have developed an in vitro fusion
system using Acanthamoeba. Two populations of phagolysosome-rich cell
homogenates, labeled with yeast or red blood cells, were mixed and the
proportion of hybrid vacuoles containing both particles was evaluated
by electron and light microscopy. They conclude that fusion is essen-
tially random with respect to vacuole content, that vacuoles can parti-
cipate in more than one fusion event, and that a fraction of the vacu-
oles is resistant to fusion. In this system, the rate of fusion is ac-

celerated by cyclic AMP or phosphodiesterase inhibitors.

Again, this assay requires large numbers of cells, and its assess-
ment by light and electron microscopy is difficult. Although modifica-
tions of the assay ( 31) were found to prevent vacuole lysis, the assay
does not appear suitable for evaluating the role of factors which may

influence fusion in the intact cell.

Hart and Young ( 33) have taken advantage of the localization of
acridine orange to lysosomes in vitally stained cells to develop a
phagosome-lysosome fusion assay using fluorescence microscopy. The
staining pattern of viable yeast cells was observed after fusion with
acridine-labeled lysosomes in live macrophages. The system has been
used to study several polyanionic compounds which appear to inhibit
P-L fusion ( 33,34), including a sulfated glycolipid purified from
Mycobacterium tuberculosis (35). We have adopted and modified this
fluorescence microscopic assay to monitor the rate and extent of P-L

fusion.

B. The Biology of Phagosome-Lysosome Fusion

The involvement of P-L fusion in the survival of intracellular
parasites has been studied in macrophages and some other cell types
(for review see 36 ). Most of these studies used electron microscopic
tracers to follow lysosome fusion with parasite-containing vacuoles
( 37,38); several have used fluorescent vital dyes such as A0 ( 39) or

quinacrine ( 40) to assay for fusiom.




Several patterns of intracellular parasite survival have been ob-
served. Trypanosoma cruzi enters macrophages in a phagocytic vacuole,
escapes from the vacuole and multiplies free in the cytoplasm (41 ).
Mycobacteria show two pathways of intracellular survival. M. leprae-
murium survives and multiplies within phagolysosomes, while
M. tuberculosis inhibits the fusion of lysosomes with its phagocytic
vacuole. Amastigotes of Leishmania are similar to M. lepraemurium
while Chlamydia, Rickettsia and Toxoplasma inhibit P-L fusion. The in-
hibition is observed only with live parasites and is reversed if the
live organisms are first pre-coated with specific antibody which is in
itself not cytotoxic. Symbiotic algae of paramecium can similarly in-

hibit P-L fusion and again, only living organisms have this effect (42 ).

For M. tuberculosis, antibody pretreatment reverses the inhibition
of fusion but the bacteria are nevertheless observed to multiply within
phagolysosomes. As mentioned in the previous section, a sulfated glyco-
lipid purified from this bacterium appears to inhibit P-L fusion in
macrophages pretreated with the sulfatide for several days ( 35).
Another proposed mechanism for the inhibition comes from the observation
that inhibitory Mcyobacteria cause an increase in the cAMP content of
the infected cells ( 43). However, the increase was observed even with
antibody-coated parasites and is thus unlikely to be the cause of P-L
fusion inhibition. Finally, the ammonia content of M. tuberculosis cul-
ture supernatants was reported to be the cause of the inhibition of P-L
fusion in macrophages exposed to the supernatants for several hours be-
fore fusion assay (44). It is difficult to interpret this result in
light of the antibody effect on inhibition. Also, the AO assay of fusion

is itself affected by ammonia or other weak bases (45).

The mechanism of P-L fusion inhibition by Toxoplasma gondii is also
not understood, but in this case may be required for the survival of the
parasite. Some recent work suggests a mechanism for the reversal of in-
hibition by antibody. Studies by Murray et al. ( 46,47) demonstrated
the toxoplasmacidal activity of products of oxygen reduction, OH.

1 -

and 02. These oxygen intermediates are the presumed products of O2

P———
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and H,0, interaction. Macrophage resistance to T. gondiil appeared
to correlate with their ability to generate oxidative metabolites.
Also, Wilson et al. (39 ) demonstrated that resident macrophages pro-
duced toxic oxygen metabolites upon phagocytosis of antibody-coated
but not unopsonized Toxoplasma. The reversal of inhibition by antibody
may be an indirect effect of its ability to trigger oxygen metabolites

which kill 7. gondit.




PART ONE.

THE ASSAY SYSTEM
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I. MATERIALS AND METHODS

A, Cells and Cell Culture

Primary cultures of peritoneal macrophages were prepared from resi-
dent cells of female or male Nelson-Collins strain (NC) or Swiss
Webster mice (22-30 g) (48). Cells were routinely cultured in 15-207%
fetal calf serum (heat-inactivated 56°C) in Dulbecco's modified Eagle's
medium (MEM) containing 100 units/ml penicillin and 100 pg/ml strepto-
mycin, and were given fresh medium at least every other day. Cells
were plated at densities of 4 x lO5 peritoneal cells per 12 mm glass
coverslip for fluorescence studies, or at 6 - 10 x 106 peritoneal cells

per 35 mm dish and at 1.5 - 2 x 107 per 60 mm dish.

P388Dl, a macrophage-like cell line, was obtained from Dr. J.

Unkeless and maintained in spinner culture in 10% FCS/MEM (49).

Culture dishes with 16 mm wells were obtained from Costar,

Cambridge, Massachusetts.

B. Particle Preparation for Fusion Studies

Fresh baker's yeast was processed by the method of Lachman and
Hobart (50). This procedure consists of autoclaving, reduction by
mercaptoethanol, alkylation with iodoacetamide, and extensive washing
in PBS. The resulting preparation could be stored indefinitely in

+ ,
PBS without Ca’' and Mg?' plus 0.02% NaN.

To opsonize particles with complement components, 300 ul of a 5%
suspension of yeast in veronal buffer was mixed with 300 pl of mouse

serum (fresh or stored at —70°C), incubated 30 min at 37°C and washed
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several times in cold veronal buffer. Preparations were used within

3 days of opsonization.

Latex particles of 0.50, 1.10, 2.02, 3.14, 4.27, 5.7 and 8.0 u
in diameter were obtained from Dow Chemical Co. and Duke Scientific

Co., washed 5 times in PBS and stored at 4° until used.

C. Fluorescence Assay of Phagosome-Lysosome Fusion

Monolayer cultures on 12 mm glass coverslips were labeled for 20
min at 37°C in 15% FCS/MEM by adding acridine orange (AO) stock solu-
tion to a final concentration of 5 ug/ml. A sterile stock solution of
100 ug AO/ml in PBS without Ca2+ and Mgz+ could be stored in the dark
at 4°C for 3-4 weeks. Each coverslip was then placed in a 16 mm diame-
ter well of a plastic culture dish containing 1 ml of prewarmed medium,
and incubated 10 min at 37°C, to reduce background fluorescence and de-
crease photodamage. The medium was then aspirated and 1 ml of a cold
0.004% (v/v) suspension of opsonized yeast was added per well. The
yeast suspension was centrifuged onto the cell monolayer by placing the
culture dish in a centrifuge carrier designed for microtiter plates
(Cooke Laboratory Products) and centrifuging in an International centri-
fuge at 1200 rpm for 2 min at 4°C.  The yeast particles bound to the
macrophage complement receptor, and any unbound particles were removed
by washing with cold MEM. Cold 5% FCS/MEM was added, the cultures were
rapidly warmed to 37°%¢ by placing in a water bath in a 37°%¢ incubator,
and relatively synchronous ingestion of the bound yeast resulted. The
usual number of yeast particles bound and ingested per cell was 2. Cells
were examined by fluorescence microscopy at various time points after
an initial 10 min ingestion period. The presence of orange-stained in-

tracellular yeast was considered positive for P-L fusion.

To examine live cell preparations, acridine orange-labeled cells
were prepared by inverting coverslips over a drop of ice-cold PBS,

blotting, and rimming with nail polish. Specimens were then examined
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with a Zeiss photomicroscope III, using a mercury lamp adjusted for
epi-illumination, BG-12 filter and fluorescein dichroic mirror for ex-
citation and a 53 barrier filter. Black and white pictures were taken

with Kodak Tri-X film, color pictures were taken with Kodak Ektachrome
film, ASA 200.

D. Electron Microscopy

Monolayers were fixed for 30 min at room temperature in 2.57%
glutaraldehyde in 0.1 M cacodylate buffer pH 7.4. After 3 saline washes,
HRP was visualized in labeled cultures by the Graham and Karnovsky
diaminobenzidine method (51). Cultures were then post-fixed in 1% os-
mium tetroxide in 0.1 M cacodylate pH 7.4 60 min on ice, and stained
with 0.257% uranyl acetate in 0.1 M sodium acetate buffer 30 min at room
temperature. Specimens were dehydrated in graded alcohols and embedded
in Epon. Thin sections were examined in a Siemens Elmiskop II with or

without uranyl acetate and lead citrate staining.

Scanning electron microscopy was kindly performed by Dr. Gilla
Kaplan. Monolayer cultures on 12 mm coverslips were fixed in 2.5%
glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4. Specimens were de-
hydrated in alcohol, transferred to amyl acetate and critical point
dried (Sorval C.P.D. System) in liquid CO,. The cells were gold-coated

(Edwards 5150 sputter coater) and viewed with an ETEC autoscan.

E. Electron Microscopic Evaluation of P-L Fusion

Two markers for secondary lysosomes were used, horseradish peroxi-
dase (HRP) and colloidal thorium dioxide (thorotrast). Cultures were
pulsed with 2 mg/ml HRP in medium for 2 - 3 hr, washed 4 times with MEM,
and cultured 20 - 60 min longer in medium without HRP. Cells were then

given yeast or latex particles and fixed 1 hr after ingestion.

[T —
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Specimens were processed for EM, and thin sections examined without
uranyl acetate and lead citrate staining. Phagocytic vacuoles were
evaluated for the presence of a diffuse "rim" of electron-dense HRP

reaction product.

Non-digestible thorotrast is a useful marker since cell popula-
tions can be labeled at identical times in culture, when pinocytic up-
take of the marker is similar. Cells were washed as usual 2 hr after
plating, exposed to a 1 to 100 dilution (vol/vol) of colloid in medium
for 12 hr, washed 4 times with MEM and then cultured for a total of

1 - 4 days. Cells were fixed 1 hr after particle ingestion.

Stereology was used to evaluate the extent of fusion in specimens
labeled with this particulate marker. Random samples were obtained from
monolayer cultures fixed and processed as described above. At the
propylene oxide step, the monolayer floated off the plastic dish and
could then be further washed and embedded as a pellet in Epon. Random
sections through this pellet were selected, and micrographs of most
cells on a section were taken at the same final magnification. These
negatives were projected through a 3X enlarger onto a grid of 1 cm
squares. Counts were made, for both horizontal and vertical lines, of
the number of times a line crossed the membrane of the phagocytic vacu-
ole versus the number of times the line crossed thorotrast in the vacu-
ole. Thorotrast was present as discrete particles and distributed
linearly around the rim of the vacuole. Counts were expr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>