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Cell-surface adherence reactions are fundamental to the biology
of lymphocytes, monocytes and granulocytes. The lymphocyte func-
tion-associated 1 (LFA-1) and macrophage 1 (Mac-1) gly-
coproteins mediate differing types of adhesion reactions on these
cells. LFA-1 participates in T-lymphocyte and natural killer-cell
adhesion to target cells'~3, whereas the Mac-1 antigen is identical
to the complement receptor type 3, which mediates adhesion of
monocytes and granulocytes to C3bi-sensitized particles®.
Deficiency of these proteins, in a heritable disease, results in
multiple adhesion-related leukocyte defects®°. LFA-1 and Mac-1
resemble one another in overall structure, having a-subunits of
relative molecular mass (M,) 180,000 and 170,000, respectively,
which are non-covalently associated with B-subunits of M, 95,000
in @8, complexes®. Peptide mapping and immunological cross-
reactivity have shown that the B-subunits are highly related if not
identical, but have revealed no similarities between the a-
subunits”*'®. Nonetheless, the shared B-subunit suggested that
LFA-1 and Mac-1 might be members of a protein family containing
diversified but evolutionarily related a-subunits. Therefore, we
examine here the structure of the a-subunits by N-terminal amino-
acid sequencing. Sequence homology shows that the a-subunits
are members of a novel leukocyte adhesion protein family, and
suggests that their evolution occurred by gene duplication. A search
for similarities to previously sequenced proteins reveals a further
unexpected homology between LFA-1 and leukocyte («) inter-
ferons.

We purified murine LFA-1 and Mac-1 antigens by monoclonal
antibody affinity chromatography from detergent lysates of EL-4
T-lymphoid and P388D,; macrophage-like cell lines and separ-
ated the a@-and B-subunits (see Fig. 1 legend). The N-terminal
sequences of the LFA-1 and Mac-1 a-subunits are 33%
homologous (Fig. 1). Four contiguous amino acids are identical
at positions 2-5 and further identities occur at positions 11 and
15. Some of the differences represent relatively conservative
amino-acid substitutions, namely Phe for Tyr at residue 1, Thr
for Ser at 10, and Asp for Glu at 14. If a gap was introduced
before the Lys at position 16 in Mac-1, it would be aligned with
an Argin LFA-1 and Phe at positions 18 and 19 would be aligned.
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Fig. 2 Sequence homology between LFA-1 and inter-
ferons. Residues homologous between interferons and
LFA-1 are boxed; homologies with Mac-1 are italicized.
a-, B- and y-interferon sequences'*?>?' were aligned
as described previously’>?*. Asp25 of IFN-8 was
deleted for alignment®’. The right-hand column
describes the percentage probability that homology
results from chance alone, as determined by summation
of the log odds of each amino-acid pair derived from
the mutation data matrix of Dayhoff**.
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LFA-1 (T;r) Asn Leu Asp Thr|Arg Pro Thr Gln égrml.eu Ala Gln Ala(GlyXArgXHis)é?\e
(Phei Glu His(Pro)Met Thr‘ﬂejclx Glu Asn Lys (Gly) Phe
Fig. 1 N-terminal sequences of LFA-1 and Mac-1 a-subunits.
Homologous sequences are boxed.
Methods. LFA-1 was purified from 10- or 50-g batches of EL-4 T
lymphoma cells grown in vitro. Cells were lysed with Triton X-100,
sodium deoxycholate was added before the ultracentrifugation step
and LFA-1 antigen was bound to M17/4 monoclonal antibody-
Sepharose and eluted at high pH, as described previously®. The
eluate in 0.5% Triton X-100, 20 mM triethylamine pH 11.0, was
neutralized by adding 0.075 vol. of 1 M Tris-HCI pH 6.8. Mac-1
from P388D, cells was purified similarly on M1/70 monoclonal
antibody-Sepharose, except that the neutralized eluate was sub-
jected to a second cycle of affinity purification. SDS-polyacryl-
amide gel electrophoresis (PAGE) and Coomassie brilliant blue
staining of purified LFA-1 and Mac-1 demonstrated that the a-
and B-subunits had no contaminants, as shown previously”'°.
Purified antigens were reduced with 20 mM diothiothreitol, alky-
lated with 50 mM iodoacetic acid and precipitated overnight at
—20°C with 1.5 vols 1% acetic acid in methanol. Precipitates were
collected at 200,000 g for 0.5 h and subjected to preparative SDS-
PAGE. Subunits were localized by Coomassie brilliant blue stain-
ing, electroeluted'” and subjected to gas/liquid solid phase micro-
sequencing'®. Phenylthiohydantoin amino acids were determined
by HPLC'". The sequence assignments shown were confirmed by
multiple determinations. The a-subunit of LFA-1 from two differ-
ent purifications was sequenced three times (200, 44 and 22 ug)
and the a-subunit of Mac-1 was sequenced twice (63 and 31 pg).
Residues in parentheses were found together with smaller amounts
of another residue, or in low yield. No sequence was obtained
from the LFA-1 and Mac-1 B-subunits, suggesting that they are
blocked.
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The sequence homology shows that the a-subunits constitute
a novel adhesion protein family, the genes of which evolved by
duplication of a primordial ancestral gene. The N-terminal
sequences have diverged considerably since the primordial gene
duplication event. These differences suggest that the specificity
in adhesive interactions is determined by the a-subunits, in
agreement with localization of a binding site of the C3bi antigen
on the a-subunit of Mac-1 using a- and B-subunit-specific
monoclonal antibodies'®'!. Duplication and specialization of
the @-subunits must have preceded divergence of mouse and
human, as LFA-1 and Mac-1 homologues mediating the same
functions occur in humans'?. A third type of human a-subunit
has been identified'* which may represent a further member of
the a-subunit protein family. The amino-acid sequences
described here allow the specification of oligonucleotide probes,
which should be of use in the isolation and further study of the
Mac-1/LFA-1 family of a-subunit genes.

A computer search'® for homologies with other proteins
reveals an unexpected, strong homology between LFA-1 and
human leukocyte interferon (Fig. 2). Multiple genes for a-
interferon (IFN-a) code for a family of closely related interferon
proteins'*. Comparison of LFA-1 with 12 mouse, rat and human
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Table 1 Homology between LFA-1, Mac-1 and interferons

% Identity
Rodent Human

Mac-1  IFN-a IFN-a IFN-B IFN-y
LFA-1 33 32 35 26 5
Mac-1 — 15 7 3 6
Rodent IFN-a — — 55 20 0
Human IFN-« —_ — —_ 27 1
Murine and human — — — _ 5

The numbers refer to the percentage homology between the sequences depicted
in Figs 1 and 2. Homologies between residues 7-25 of the mouse and human
interferons were calculated and averaged in the groups shown.

a-interferons reveals homology of LFA-1 with all of them (Fig.
2). Note that the LFA-1 and IFN-a sequences align without
any gaps. IFN-a shows ~30% homology to fibroblast interferon
(IFN-B). LFA-1 shows a lesser degree of homology with IFN-3
(Fig. 2). The homologies with IFN-a are highly statistically
significant (Fig. 2).

Homology with LFA-1 occurs in different positions in rodent
and human IFN-as. Despite the higher homology of LFA-1 to
human IFN-al than to any other interferon, an additional
homology found exclusively with rodent IFN-a occurs at
residues 1 and 2 in LFA-1 (Fig. 2). Also, conserved substitutions
occur at many positions, including 10 and 11, where no identities
are found. These findings further strengthen the homology
between LFA-1 and IFN-a.

The homology among LFA-1, Mac-1 and the interferons is
summarized in Table 1. Mac-1 and LFA-1 are about as
homologous with one another as is LFA-1 with IFN-a. The
significance of the 32-35% homology between LFA-1 and
IFN-as is emphasized by the fact that it is stronger than the
20-27% homology observed between IFN-a and IFN-B in the
segments compared with LFA-1, or the homology of 29% along
the total lengths of IFN-a and IFN-B'°. Furthermore, the
homology between LFA-1 and the a- and B-interferons is
stronger than the homology between IFN-y and the «- and
B-interferons.

Our findings suggest that the LFA-1/Mac-1 a-subunit family
and the interferon family arose from a single ancestral gene and
can be considered as a superfamily. This is remarkable for
several reasons. First, LFA-1 and Mac-1 are surface receptors,
whereas the interferons are secreted mediators. Second, there
are striking differences in size. The LFA-1 and Mac-1 a-polypep-

tide chains (M, 180,000 and 170,000) are roughly 10 times longer
than those of the interferons (M, ~ 20,000). Despite the differ-
ence in size, the N-terminal sequence of LFA-1 aligns only six
residues away from the N-terminus of IFN-a. A common
evolutionary mechanism for obtaining large proteins is tandem
duplication and joining of domains. Further sequencing of LFA-
1 is needed to determine whether it contains the homologue of
an entire interferon domain and whether it contains duplications
of these domains.

It is tempting to speculate that the LFA-1/Mac-1/interferon
superfamily could have functional as well as structural inter-
relationships. All of these molecules function in cell interactions
of the host defence system. Unlike the immunoglobulin super-
family'é, none of them is involved in specific antigen recognition
and their importance in host defence could have pre-dated the
evolution of specific immunity.
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