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ISOLATION OF PHAGOSOMES FROM MOUSE PERITONEAL MACROPHAGES 

Maja Nowakowski 
Celso Bianco 

I. INTRODUCTION 

This procedure allows the isolation of phagosomes generated 
by receptor-mediated and nonimmune phagocytosis· It is based 
on a method initially developed for the isolation of phagosomes 
from an ameba (1) and later adapted for mouse macrophages (2). 
We have introduced modifications that permit the simultaneous 
fractionation of phagosomes containing different particles from 
the same macrophage. 

Phagosomes are formed during the endocytic process. The 
exterior surface of the macrophage plasma membrane surrounds 
the phagocytic target, in a "zippering-like" process (3). Vir-
tually no space is left between the particle and the apposing 
cell membrane. Phagosomes isolated by the procedure below are 
thus constituted of particles surrounded by the macrophage plas-
ma membrane. Usually, little contamination with other cellular 
materials can be detected in the phagosomal fraction. 

Possibly, depending on the time period separating the phago-
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cytic event from the time of cell fractionation, some of the 
phagosomes will have fused with lysosomes. Thus, the material 
obtained may contain phagolysosomes. The investigator should 
also be aware of the rather rapid digestion of some of the ma-
terials taken up, including membrane components, which follows 
fusion of the phagosome with lysosomes. 

The present procedure utilizes nondigestible particles with 
specific gravity remote from that of cellular constituents: 
glutaraldehyde-fixed erythrocytes ingested via Fc or C3 recep-
tors, Phagosomes generated using such particles show only a 
selected population of the polypeptides present on the macro-
phage plasma membrane. The nature of these peptides varies 
with the nature of the ligands coating the phagocytic target. 
Latex beads, on the other hand, generate phagosomes surrounded 
by a membrane that is quite similar to that of the intact macro-
phage. This is probably due to the multiple interactions that 
occur between the beads and most proteins. 

II. REAGENTS 

A. Solutions 

Brewer's thioglycollate medium (DIFCO) 
Phosphate-buffered saline (PBS) 
Heparin (5000 U/ml, Connaught) 
Dulbecco's modified Eagle's medium (DQ, GIBCO) 
Fetal calf serum (FLOW, heat-inactivated (30 min, 56°C) 
Na125I (New England Nuclear, 17 Ci/mmole, in 0.1 N NaOH) 
Nal (1 M in H2O) 
EDTA (disodium ethylenediaminetetraacetate, 0.5 M, pH 7.2, 

adjusted with NaOH) 
PMSF (phenylmethylsulfonyl fluoride, 0.5 M stock in absolute 
ethanol) (Sigma) 

Disruption buffer (0.15 M NaCl, 0.01 J»i Tris-HCl, pH 7.4, 
0.005 M MgCl2, 30% sucrose (w/v) and 0.002 M PMSF) 

Gradient solutions (w/v) sucrose (80%, 60%, 30%, 20%, 10%) 
metrizamide (50%) prepared and stored according to manu-
facturer's instructions) all in 0.15 M NaCl, 0.01 M Tris-
HCl, pH 7.4, 0.005 M MgCl2 and 0.002 M PMSF. 

Immunoglobulins and complement: Rabbit antisheep erythro-
cyte IgM and IgG (Cordis). The source of complement is 
fresh mouse serum diluted in Veronal-buffered saline 
(1:5) . 

DNase (Sigma), 1 mg/ml in PBS 



XI. MONONUCLEAR PHAGOCYTES IN VIVO 945 

B. Targets of Endocytosis 

Fixed, opsonized sheep erythrocytes. Erythrocytes are in-
cubated for 15 min at room temperature in hypotonie buffer 
(PBS: H20, 3:1 and then fixed in glutaraldehyde (Fisher 
Scientific, Springfield, New Jersey) (1.25% in PBS). Fix two 
days at 4°C by having a 10% packed cell volume erythrocytes in 
fixative. Mix occasionally. After washing in PBS, the fixed 
erythrocytes are incubated overnight in 0.1 M glycine (Sigma) 
to block the free aldehyde groups, washed again in PBS, and 
coated with appropriate ligands according to the procedure of 
Bianco et ai. (4). 

Latex particles (Dow Chemicals Co., Indianapolis, Indiana). 
1.1-ym Diameter, polystyrene. Particles are washed in 70% 
ethanol in PBS (Beckraan Microfuge, 1 min), and resuspended in 
D0 at 1 x 10

9 particies/rai. 

III. PROCEDURE 

A. Macropha ges 

Thioglycollate-induced mouse peritoneal cells are collected 
as described by Edelson and Cohn (5), using PBS with heparin 
(5 U/ml). The cells are washed twice and resuspended in PBS at 
1 x lO^ml, and radioiodinated by the lactoperoxidase-glucose 
oxidase method as described by Hubbard and Cohn (6). Viable 
macrophages are selected by adherence; the cell suspension is 
adjusted to 2 x 10"/ral in D0 supplemented with fetal calf serura 
(10%) and 5 ml or 107 cells are plated per 100 mm tissue culture 
dish (Falcon). Attachment is allowed to proceed for 45 rain at 
37°C in a humidified 7.5% CO2 atmosphere. 

B. Endocytosis 

Single particle: Opsonized erythrocytes are used at a ratio 
of 7 particles/raacrophage for 45 min at 37°C. Latex is used at 
200 particles/macrophage for 30 min at 37°C. 

Mixed particles: Opsonized erythrocytes are allowed to at-
tach to macrophages for 15 min at room temperature at a ratio 
of 60 - 100 particles/macrophages. Unattached erythrocytes are 
removed by washing in D0. Latex is added at a ratio of 30 
particles/macrophage. Endocytosis is allowed to proceed for 30 
min at 37°C and excess particles are removed by washing in D0. 
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C. Isolation of Phagosomes 

All steps following endocytosis are carried out at 0°C and 
in the presence of 2 mM PMSF to prevent protein degradation. 
After washing in PBS, macrophages containing ingested particles 
are collected from the dishes by scraping into PBS + 2 mM EDTA. 
The cells are pelleted (5 min, 400 g, International PR-6 cen-
trifuge) and resuspended in 1 ml of disruption buffer (up to 
2 x 10^ cells/ml). This cell suspension is homogenized mechan-
ically by 40 - 60 strokes in a tight-fitting glass homogenizer. 
Homogenization is monitored by phase microscopy and stopped 
when approximately 90% of nuclei are released. The homogenate 
is adjusted to 69% sucrose by adding 2.2 ml of 80% sucrose. 
DNase is added to a final concentration of 10 yg/ml. An ali-
quot (0.1 - 0.2 ml) of the homogenate is saved for assays of 
protein, radioactivity, etc., and the remainder is used in 
gradient separation of phagosomes. The gradients are prepared 
in SW41 nitrocellulose centrifuge tubes (Beckman) and are com-
posed of a 1 ml 50% metrizamide cushion; a linear 60 - 30% 
sucrose gradient (6 ml); and 1-ml layers of 20 and 10% sucrose. 
The cell homogenate is introduced with a long-tipped Pasteur 
pipette at the metrizamide-sucrose interface. Centrifugation 
is carried out for 12 - 16 hr at 40,000 rpm in a Beckman ultra-
centrifuge (SW41 rotor). Approximately 30 fractions (0.4 ml 
each) are collected from above the metrizamide-sucrose inter-
face using a Beckman pump and without disturbing the band of 
phagosomes containing the red cells, which remain at that in-
terface. The fractions may be analyzed for polypeptide compo-
sition, enzymatic content and radioactivity. 

The phagosome band is diluted with disruption buffer with-
out sucrose and collected by centrifugation (20 min 20,000 rpm, 
SW41 rotor, 4°C). 

IV. CRITICAL COMMENTS 

The use of glutaraldehyde-fixed sheep erythrocytes makes it 
possible to isolate and study that part of the macrophage sur-
face membrane that is utilized to generate phagosomes. The 
isolation procedure we use involves simple steps and gives mor-
phologically uniform (by EM) population of phagosomes, although 
the final yield in terms of cellular protein is rather small 
(up to 3%). The principal complications to be avoided are ob-
vious. In order to obtain phagosomal material reflecting the 
molecular composition of the macrophage plasma membrane interi-
orized during the process of ingestion, protein degradation 
must be avoided (by processing the material at 0°C in the 
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presence of protease inhibitors). Phagocytosis itself must be 
as short as possible to minimize fusion with lysosomes. 

One advantage of this system is that it can be used for the 
isolation of more than one type of phagosome from a single cell 
population. We have used latex and glutaraldehyde-fixed 
erythrocytes successfully, as shown in Fig. 1. In principle, 
one should also be able to obtain in the gradient the cell sur-
face membrane remaining after phagosome formation. The effec-
tive yield of this fraction is, however, much lower than ex-
pected, because fragments of plasma membrane attach to nuclei 
and remain associated with them in the gradient. Addition of 
DNase to the whole cell homogenate before ultracentrifugation 
improves the results of separation. 

The use of this approach has already allowed us to establish 
certain differences between receptor-mediated (opsonized 
erythrocytes) and nonspecific (latex) phagocytosis. First, 
latex-containing phagosomes resemble closely the intact macro-
phage plasma membrane in their polypeptide composition, while 
immune phagosomes contain a subset of plasma membrane polypep-
tides. Secondly, the receptor-mediated interiorization of 
plasma membrane polypeptides appears to have some specificity 
for the type of ligand presented on the target particle (Fc of 
IgG or C3). Finally, at least one ectoenzyme, alkaline phos-
phodiesterase I, (EC 3.1.4.1) is preferentially associated (or 
protected from degradation) with phagosomes resulting from en-
docytosis of particles that carry Fc on their surface, as op-
posed to latex or IgM + C. Most interestingly, the addition of 
complement to IgG-coated erythrocytes alters the composition of 
resulting phagosomes both in terms of alkaline phosphodiesterase 
content and polypeptide pattern. 
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