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The major secretory component of cultured ad-
herent human monocyte/macrophages has been
shown to be an M, 95000 (reduced mol. wt.)
gelatin-binding protein.! This protein has no im-
munological cross-reactivity with other gelatin-
binding proteins, fibronectin and an M, 70000
polypeptide!? also produced by cultured cells.
Quite recently the M, 95000 protein was shown
to be a gelatin-degrading proteinase (gela-
tinase).? Similar gelatinase activity has also been
found in granulocytes*® and has recently been
shown to exist in three distinct proteolytically
active forms, viz. M, 92000, M, 130000 and M,
225000.2

In this communication we report an extension
of the analysis of the polypeptide composition of
macrophage gelatinase and a comparison with
that of human blood granulocytes. The results
show that the protein has a biosynthetic precur-
sor and partially forms a higher molecular weight
polymer. All these forms of the protein are im-
munologically cross-reactive with each other and
with the polypeptides of granulocyte gelatinase.

Materials and methods

Cell cultures and isolation of granulocytes. Hu-
man blood monocytes were isolated from the
buffy coat fraction of healthy donors and were
grown in a medium composed of a 1:1 mixture of
RPMI-1640 and M199, supplemented with 5%
newborn calf serum.'® Incubation at 37°C re-
sulted in differentiation of most of the cells to
macrophages within a week. Granulocytes were
isolated from the same buffy coats as monocytes
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by centrifuging the cells through a layer of Ficoll-
Isopaque®.1°

Isolation of the gelatin-binding proteins. Macro-
phages and granulocytes were extracted with
5 mM Tris-HCI, pH 7.5, containing 0.5 % Triton
X-100 and 1 mM phenylmethanesulfonyl fluo-
ride. Insoluble material was sedimented, and the
supernatant extract was first treated with Sepha-
rose 4B to remove proteins binding non-specifi-
cally to plain Sepharose and then with gelatin-
Sepharose (Pharmacia, Uppsala, Sweden). Gela-
tin-Sepharose was then washed and the bound
material was eluted with Laemmli’s sample
buffer! for further analyses (see below).

Radioactive labelling and pulse-chase experiments
on macrophage cultures. The 8-day old macro-
phage cultures were changed to serum-free Ea-
gle’s Minimum Essential Medium (MEM) and 10
uCi mi™! of L-(**S)-methionine (1000 Ci mmol™?;
Amersham International, U.K.) was added. Af-
ter an incubation of 4 h the gelatin-binding pro-
teins were isolated from the medium and eluted
in Laemmli’s sample buffer for analysis in SDS-
PAGE. Intracellular biosynthesis of the gelatin-
binding proteins was studied in macrophage cul-
tures by pulse-chase experiments. The 8-day old
cell cultures were incubated in methionine-free
MEM medium for 10 min, and then ¥S-methio-
nine (40 uCi ml~') was added. After a 5 min pulse
the cells were chased in unlabelled medium for
periods of 0, 5, 15, 25, 40 and 60 min, extracted,
and the gelatin-binding material was isolated and
analysed in SDS-PAGE as above.



Electrophoretic analyses and zymography. So-
dium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed according
to Laemmli," using an acrylamide concentration
of 6% in the separating gel. The samples were
run non-reduced or reduced with 10 % 2-mercap-
toethanol. After electrophoresis, the gels were
either stained with Coomassie Brilliant Blue, flu-
orographed,”? or used for immunoblotting.?
Rabbit antiserum against the M, 95000 protein
has been characterized previously.! Inmunoreac-
tions were detected by using peroxidase-coupled
swine anti-rabbit IgG antiserum (Dakopatts,
Glostrup, Denmark). Zymography was per-
formed in SDS-PAGE using gel containing 2 mg
ml ™! of gelatin, as described previously.®

Results and discussion

Gelatin-binding proteins from macrophage ex-
tracts and culture medium were immunoblotted
using the prepared antiserum against the macro-
phage gelatinase. Immunoperoxidase reactions
of the non-reduced intracellular samples were
seen at positions corresponding to M, 80000,
92000 and 225000, and those of the secreted
material at M, 92 000 and 225000 (Fig. 1, lanes 1
and 3). Reactions of the reduced intracellular
polypeptides were at positions corresponding to
M, 85000 and 95 000, while the secreted material
showed only the M, 95000 polypeptide (Fig.1,
lanes 2 and 4). Thus, the latter represents the
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Fig. 1. Immunoblotting and zymography of the
gelatin-binding proteins from macrophages.
Immunoperoxidase reactions of the non-reduced
gelatin-binding material from macrophage extract
(lane 1); the same material reduced (lane 2); non-
reduced gelatin-binding material from macrophage
culture medium (lane 3); the same material reduced
(lane 4). Lane 5 shows the zymography gel of the
material shown in lane 1. K = kilodaitons.
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Fig. 2. Gelatin-binding proteins from granulocyte
extract. Panel A, protein-stained gels and panel B,
immunoblottings of similar samples under non-
reducing (lane 1) or reducing (lane 2) conditions.
K = kilodaltons.

reduced form of the M, 92000 and 225000 poly-
peptides, and the M, 85000 that of the M, 80000
polypeptide. All three non-reduced polypeptide
bands degraded gelatin in zymography gels, seen
as negatively staining bands at M, 80000, 92000
and 225 000 (Fig. 1, lane 5). The result shows that
macrophage gelatinase is a polypeptide complex
and resembles granulocyte gelatinase, which is
composed of one polypeptide under reducing and
three polypeptides under non-reducing condi-
tions.® For comparison, the gelatin-binding mate-
rial was isolated from granulocyte extracts and
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Fig. 3. Biosynthesis of the macrophage gelatinase.
Fluorography of the gelatin-binding proteins from
*S-methionine-labelled macrophage extracts after
chase periods of 0, 5, 15, 25, 40 and 60 min
(lanes 1-6, respectively). Lane 7 shows the
polypeptides from the growth medium of the %S-
methionine-labelled macrophages. K = kilodaltons.
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immunoblotted similarly. The non-reduced mate-
rial contained M, 92000, 130000 and 225000
polypeptides, while the reduced material showed
only M, 95000 polypeptide (Fig. 2A, lanes 1
and 2; protein-stained gels). All these proteins
were detected by the antiserum (Fig. 2B) and the
non-reduced ones were active in zymography gels
(not shown). Thus, the macrophage and granulo-
cyte gelatinases are composed of similar but not
identical polypeptides. Immunological cross-re-
activity suggests, however, that in spite of the
differences, these polypeptides belong to the
same family of gelatinases.

In the initial stages of the pulse-chase experi-
ments on cultured macrophages an M, 80000
polypeptide was seen (Fig. 3, lanes 1-3). Later,
prominent M, 92000 and 225000 proteins ap-
peared (Fig. 3, lanes 4-6), suggesting that the M,
80000 polypeptide is their biosynthetic precur-
sor. The culture medium frommacrophages con-
tained M, 225000 and M, 92000 proteins, but not
the M, 80000 protein (Fig. 3, lane 7). Thus, only
the former two were the secreted forms of the
protein. In these experiments the M, 80 000 poly-
peptide never fully disappeared in the prolonged
chase samples, suggesting that a portion of it may
have been retained in a precursor form.

The reason for the shift in the molecular weight
of the initial precursor is not known. It may, at
least partially, be associated with the carbohy-
drates since the protein has previously been
found (by metabolic labelling of the macrophage
cultures with radioactive sugars') to be rather
heavily glycosylated. The formation of the M,
225000 polypeptide is still more surprising. It is
possible that it is a disulfide-bonded polymer of
the protein, although its electrophoretic apparent
molecular weight is not compatible with a dimer
or trimer of the M, 92000 polypeptide. This dis-
crepancy could be due to the arrangement or
amount of intramolecular disulfides, to glycosyla-
tion or to unknown polypeptide interactions
which may affect the electrophoretic migration.
The situation seems to be even more complicated
in the case of the granulocyte gelatinase, which
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has an M, 130000 component in addition to M,
92000 and 225000 polypeptides. However, for-
mation of the M, 95000 polypeptide under reduc-
ing conditions emphasizes the importance of in-
tra- and/or intermolecular disulfide bonds in the
multiple polypeptides of macrophage and granu-
locyte gelatinases. More extensive studies will
still be needed to find out the exact reasons for
the polypeptide polymorphism and for the differ-
ences between the gelatinase complexes of these
phagocytic cells.
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