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A family of three leukocyte surface proteins of broad
importance in leukocyte adhesion has recently been de-
fined in humans (1, 2). This family is comprised of the
three heterodimers pl150,95, Mac-1, and LFA-1, each
consisting of a unique a subunit of 150,000 to 180,000
daltons noncovalently associated with a common g sub-
unit of 95,000 daltons. p150,95 and Mac-1 are expressed
on the surface of monocytes and granulocytes, and in
higher amounts inside these cells. The binding of inflam-
matory mediators to surface receptors on these cells trig-
gers mobilization of this intracellular pool to the cell
surface (3-6). Increased surface expression of p150,95
and Mac-1 results in increased adhesiveness to endothe-
lial cells (7—10), and localization of leukocytes in inflam-
matory sites in vivo, as demonstrated in patients who are
genetically deficient in these leukocyte adhesion glyco-
proteins (5, 11).

Little is known about the biochemistry of the most
recently deseribed member of this family, p150,95 (6,
12). The relationship of p150,95 to Mac-1 has been un-
clear. Although they are distinct antigenically (6, 12) and
in cell distribution (13), they have similar isoelectric
points (1) and functions (2, 14). We report the purification
of p150,95 and Mac-1 from human cells and the N-
terminal amino acid sequence of their « subunits. We
find that the human p150,95 and Mac-1 « subunit se-
quences are homologous to one another and to the pre-
viously published murine Mac-1 and LFA-1 « subunit
sequences (15). The leukocyte adhesion protein « subunit
sequences are also homologous to the recently sequenced
human vitronectin receptor (VNR) and platelet gpllb/Illa
« subunits® (16, 17). These homologies to cell surface
receptors that bind to the Arg-Gly-Asp (RGD)* peptide
sequence found in extracellular matrix proteins suggest
a novel supergene family of adhesion proteins.
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MATERIALS AND METHODS

p150,95 purification. SHCL3 anti-p150,95 MAD (18} (available as
Leu-M5 from Becton-Dickenson, Mountain View, CA) was purified
(13) and was coupled to CL-4B Sepharose (Pharmacia, Piscataway,
NJ} at 3.3 mg MAb per ml of packed bed. A spleen (50 g) from a hairy
cell leukemia patient (generous gift of Dr. Harvey Golumb, University
of Chicago) was diced, was minced, and was lysed in 1 L of 0.01 M
Tris-HCI pH 8.0, 0.15 M NaCl, 1.0% Triton X-100, 0.025% azide, 5
mM iodoacetamide, 1 mM phenylmethylsulfonyl fluoride (PMSF),
and 0.22 trypsin inhibitor units (TIU)/ml aprotinin. The lysate was
centrifuged at 5000 X G for 30 min, then at 16,000 X G for 2 hr,
and was sequentially filtered through Whatman No. 1 filters, AP
prefilters, and 45 gym millipore filters (Millipore, Bedford, MA). The
hairy cell leukemia spleen lysate was loaded onto a 4 ml SHCL3
MADb-Sepharose column, was rinsed with 5 column vol of the lysis
buffer, then 10 column vol of 0.1 M glycine, pH 10.0, 0.15 M NaCl,
0.1% Triton X-100, and 1 mM PMSF, and finally with 10 column vol
0.1 M Tris-HCI, pH 8.0, 0.15 M NaCl, 0.1% Triton X-100, and 1 mM
PMSF. The p150,95 molecule was eluted in 0.1 M glycine, pH 3.0,
0.15 M NaCl, 0.1% Triton X-100, 1 mM PMSF, and 0.025% azide,
and the pH immediately neutralized.

Mac-1 purification. LM2/1 anti-Mac-1 MAD (13) was purified (19),
and was coupled to CL-4B Sepharose at 3 mg MADb per ml of packed
bed. Sendai-virus induced leukocytes (25 g) were lysed in 500 ml of
0.1 M Tris-HCI, pH 8.0, 0.15 M NaCl, 1.0% Triton X-100, 0.025%
azide, 5 mM iodoacetamide, 5 mM EDTA, 1 mM DFP, and 0.22 TIU/
ml aprotinin, and were centrifuged 10,000 X G for 2 hr. Batch
purification was performed by incubation of 4 ml LM2/1 MAb-
Sepharose with the lysate for 3.5 hr at 4°C. This was poured into a
column and was rinsed with 20 column vol of 0.01 M Tris-HCI, pH
8.0, 0.15 M NaCl, 0.1% Triton X-100, and 0.025% azide. Mac-1 was
eluted in 10 mM MES, pH 4.0, 0.15 M NaCl, 0.1% TX-100, and
0.025% azide, and the pH immediately neutralized. Preparative SDS-
PAGE and electroelution were done as described (20), except that
the protein was visualized in the preparative 7% gel by immersion
in 1 M KCL

RESULTS AND DISCUSSION

Based on our previous extensive survey of the quantity
of p150,95 and Mac-1 expressed on different cell types
(13), we chose hairy leukemia spleen cells and neutro-
phils (peripheral blood leukocytes) from which to purify
p150,95 and Mac-1, respectively. Procedures for the large
scale purification of these antigens from TX-100 deter-
gent lysates were developed (See Materials and Meth-
ods). p150,95 was purified from a hairy cell leukemia
spleen lysate on an SHCL3 MAb-Sepharose column (Fig.
1, lane 1). Mac-1 was batch purified from a pooled leu-
kocyte lysate with LM2/1 MAb-Sepharose (Fig. 1, lane 3).
After preparative SDS-7% PAGE, the « subunits of each
antigen were excised and were electroeluted (Fig. 1, lanes
2 and 4). p150,95 aX subunit (200 pmol) and 800 pmol
Mac-1 oM subunit were sequenced with a gas phase
sequenator.

The sequences for the first 24 residues of the p150,95

2381



2382 p150,95 AND Mac-1 N-TERMINAL

« subunit and 28 residues of Mac-1 « subunit were ob-
tained (Fig. 2). The p150,95 and Mac-1 « subunits are
54% identical, demonstrating a close relationship be-
tween the two « subunit genes. The differences demon-
strate that the p150,95 aX subunit and the Mac-1 aM
subunit are encoded by distinct genes. The greater than
50% homology of the p150,95 aX subunit to the Mac-1
aM subunit correlates with the strikingly similar isoelec-
tric focusing patterns (1) and functions (2, 3, 5, 11, 14,
21, 22) of the two proteins. Compared with other gene
families, the N-terminal homology between the p150,95
and Mac-1 « subunits is greater than that between the
human « and g hemoglobin chains (43% homology), and
the human immunoglobulin Cy and Ce, Cpu, or Ca heavy
chains (39, 31, or 31% homology, respectively) (23).

The human Mac-1 aM subunit is 75% homologous with
murine Mac-1 (15, 24) (Fig. 2); conservative substitutions
account for many of the mismatches. All residues iden-
tical between human p150,95 and Mac-1 « subunits are
also conserved in the mouse Mac-1« subunit, indicating
the presence of conserved regions. The greater similarity
between mouse and human Mac-1 (75%), than between
murine Mac-1 and LFA-1 (32%), or between human
p150,95 and Mac-1 (54%) suggests that the three « sub-
units had already diverged before the mammalian radia-
tion. Among the three « subunits, those of p150,95 and
Mac-1 appear to be most closely related (Fig. 2).

While this manuscript was in preparation, N-terminal
sequences of the human vitronectin receptor and platelet
IIb/Illa a subunits were reported, and homologies were
suggested with our previously published N-terminal se-
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Figure 1. Purified human p150,95 and Mac-1 « subunits. Affinity-
purified p150,95 (Lane 1), electroeluted p150,95 « subunit (Lane 2),
affinity-purified Mac-1 (Lane 3), and electroeluted Mac-1 « subunit (Lane
4) were subjected to SDS-7% PAGE and silver staining.

HOMOLOGY TO RGD RECEPTORS

quences of the murine LFA-1 and Mac-1 « subunits® (16,
17). Our comparison with the human Mac-1 and p150,95
a subunit sequences demonstrates that they are distinct
from but homologous to the human vitronectin receptor
and the platelet IIb/Illa protein (Fig. 3). The vitronectin
receptor and IIb/Illa are members of a functionally de-
fined family of cell surface receptors which bind to fibro-
nectin and other extracellular matrix materials. These
adhesion glycoproteins recognize a common sequence,
RGD, present in many extracellular matrix proteins, such
as fibronectin, fibrinogen, and vitronectin (25). They are
also, like Mac-1, p150,95, and LFA-1, composed of two
distinct subunits (26). Although it had been speculated
that gpllb/Illa and p150,95 may be identical (27), our
results clearly show that their N-terminal sequences are
distinct (Fig. 3). The similarity between Mac-1 and
p150,95 is much greater than between these two proteins
and LFA-1, than between VNR « and gpllb/Illa « (36%),
or between the RGD receptor « subunits and the leuko-
cyte adhesion proteins (21 to 45%) (Fig. 3). In contrast to
the leukocyte adhesion proteins, the RGD receptor « sub-
units are proteolytically cleaved during processing, and
hence contain two disulfide-linked polypeptide chains.
The leukocyte adhesion proteins and RGD receptors also
have different tissue distribution (13, 18, 28), and behav-
ior on reduced vs non-reduced SDS-PAGE (1, 28). Thus
although the leukocyte adhesion proteins and extracel-
lular matrix receptors share some similarities, they are
clearly distinct and perform different functions.

The Mac-1, LFA-1, and pl150,95 molecules share a
common f subunit that is distinct antigenically and in
sequence from the human vitronectin receptor and Ilb/
Illa 8 subunits® (17, 29). We cloned the leukocyte adhesion
protein 3 subunit gene (29) and discovered that it is 45%
homologous to the 8 subunit of the fibronectin/laminin
receptor (integrin) of chick embryonic fibroblasts (30).
Together with the « subunit sequence homologies, this
suggests that the leukocyte adhesion proteins and the

1 2 3 4 5 6 7 8 9 10 1112 13 14
Hu p150,95a PHEASNIEJASP’H{RQIJGLUILHJ !@AIA PHE |ARG VAL ASP

Hu Mac-la  |PHE ASN LEU ASP THR GLU|ASN ALA VAL[TER PHE GIN GLU ASN
Mu Mac-ta  |PHE ASN LEU ASP THR GLU|HIS ‘PRO:MET |THR PHE GIN GLU ASN
Mu LFA-la  TYR|ASN LEU ASP_THRJARG PRO THR GIN SER [PHE| LEU AIA GIN
Hu VNRa  [PFE ASN LEU ASH VAL X SER'ERGALA G f¥F

Hu gplib PRO VAL G [LEU TERJPHE YR ALA GLY 2RO

Figure 3. Comparison of the a subunit sequences of the leukocyte
adhesion family with two extracellular matrix receptors (16-17). Homol-
ogous residues are boxed.

1 2 3 4 5 6 4 8 9 10 1 12 13 14
Hup150,95a |PHE ASN LEU ASP THR GLU | GLU LEU THR ALA |PH£[ ARG (VAL) ASP
Figure 2. a subunit N-terminal se-
quences. Parentheses denote some un- Hu Mac-1 a PHE ASN LEU ASP THR GLU | ASN ALA VAL |THR PHE GLN GLU ASN
certainty with the residue assignment. ’
Homologous residues are boxed. Human Mu Mac-1a PHE ASN LEU ASP THR _GLU | HIS PRO MET |THR PHE GLN GLU ASN
p150.95 and Mac-1 « subunit sequences  my LFA-1a TYR I ASN LEU ASP THR | ARG PRO THR GLN SER |PHEI LEU ALA GLN
were determined at the joint Harvard Bio-
chemistry and Molecular Biology Depart-
ment and Dana-Farber Cancer Institute 15 1 17 18 19 20 2 2 2 24 25 26 27 28
Microsequencing Facility on a gas-phase
sequenator (Applied Biosystems). Mouse Hup150,95a SER ALA |(GLY) PHE (GLY)| ASP X VAL (VAL) GLN
Mac-1 and LFA-1 sequences were previ-  y, mac.q o ALA| (ARG) | GLY PHE GLY GLN| GLY | VAL VAL GIN LEU] GLN [GLY] (SER)
ously reported (15, 25).
Mu Mac-1a ALA| LYS | GLY PHE GLY GLN| ASP | VAL VAL GLN LEU| GLY | GLY | THR
Mu LFA-1a ALA| (GLY) (ARG) (HIS) PHE
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extracellular matrix receptors are evolutionarily related.
The presence of these proteins in the human, mouse, and
chicken indicates that the ancestral « and 8 genes dupli-
cated and diverged quite early in evolutionary history.
Even more intriguing is a possible relationship to the
position-specific antigens of Drosophila (31), which are
af heterodimeric adhesion proteins thought to be impor-
tant in guiding embryogenesis and metamorphosis (32).

As more RGD peptide binding receptors and the o sub-
units of the Mac-1 family of proteins are cloned and
completely sequenced, the extent of homology and the
relationship between the various subgroups in this su-
pergene family will become more clearly delineated. On
the basis of these homologies it is of interest to examine
whether the leukocyte adhesion proteins also bind to
ligands which contain the RGD sequence.
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