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Fig. 3 Amino-acid sequences of endonexin CNBr peptides and
tryptic peptides from endonexin (TE) and calelectrin (TC) were
sequenced to completion using an Applied Biosystems model 470A
gas-phase protein sequencer. Endonexin (p32.5) was purified from
bovine liver®, p36 from pig mesenteric lymph nodes?! and protein
IT from pig intestinal epithelia’®. Protein II cross-reacts
immunologically with endonexin®?, Methionines are shown at the
amino termini of all CNBr peptides, because the protein amino
termini appear to be blocked. Similarly, the tryptic peptides must
each be preceded either by lysine or arginine. In the consensus
sequence, h=hydrophobic residue, p=polar residue and x=
variable residue. Secondary structure was predicted by a
modification of the method of Chou and Fasman (Roberts and
M.J.G., unpublished).

sequences TC3 and TC4 (Fig. 3). The amino-acid sequence of
the most immunoreactive peptide, TCI1, is unrelated to any
sequence determined for mammalian proteins {not shown). The
tryptic peptides and CNBr fragments sequenced so far account
for approximately half of endonexin (150 residues) and more
than 50% of these occur in the conserved repeat. It seems likely
that more repeats will emerge after the complete sequence has
been determined, since internal basic amino acids have led to
the fragmentation of the putative repeat in TEl, the repeat
contained within CNBr6 and in other sequences not shown.
Substantially less calelectrin sequence has been determined (63
residues) and more repeats could be present.

The consensus repeat sequence reveals a pattern of conserved
glycines, polar, nonpolar and charged residues within an exact
length of 17 amino acids (Fig. 3). There is no statistically sig-
nificant difference between the repeats in calelectrin and
endonexin, which together have a homology of 68%. A search
of the current protein sequence databases (3,500 sequences)
failed to find significant homology between the sequences in
Fig. 3 and any known protein.'® No other significant homologies
have been found and so the similarity of the primary structure
of the proteins is currently restricted to the repeated sequences
shown in Fig. 3.

When terbium was used as a spectroscopic probe for Ca®*-
binding sites in endonexin and calelectrin, multiple sites were
present in both proteins'"'*. Fluorescence emission spectra from
protein-bound Tb*" gave an excitation maximum at 285 nm,
characteristic of tryptophan residues close to Tb** sites'**%, As
there are at least five conserved repeats in endonexin, one of
which (TE1) contains tryptophan, these repeats may form part
of Ca®*-binding sequences, despite lack of homology with the
E-F hand of many Ca®*-binding proteins*®. Multiple binding
sites are also indicated by the cooperative binding to liposomes.

It is striking that endonexin combines only with liposomes
containing lipids possessing marked asymmetry in the bilayers
of cell membranes. PE, PI and PA are found predominantly in
the cytoplasmic leaflets of plasma or endoplasmic reticulum
membranes'’. PC, which is not bound by endonexin, has a less
marked asymetrical distribution. PS, which is almost exclusively
present in the cytoplasmic leaflet of the plasma membrane, is
not bound by endonexin, but is bound by the analogous Ca®"-
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binding protein synexin, which seems to be co-distributed with
endonexin and other proteins described here™'%.

The sarcoma virus tyrosine kinase substrate, p36, has also
been shown to bind to liposomes containing PS or PI'?. The
presence of lipid shifts the Ca*"-dependence of tyrosine phos-
phorylation from the millimolar to the micromolar level®. The
demonstration of Ca*"-dependent liposome binding by p36,
endonexin and calelectrin®®, together with the conserved sequen-
ces described here, strengthens previous suggestions that these
proteins are related in their structure and functions®*®. We
speculate that the common sequence represents part of either a
new type of Ca**-binding site or a lipid-binding site and that
this feature will be common to other members of this new family
of Ca’"-binding proteins. The established lipid'®> and cyto-
skeleton'® binding properties of p36 suggests that this protein
and possibly the others described, could cross-link lipids in the
bilayer to membrane cytoskeletal elements.
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Note added in proof: After submission of this paper, the protein
sequence deduced from human lipocortin ¢cDNA was pub-
lished*®. This phospholipase A, inhibitor contains the concensus
sequence described.
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Erratum

Danish Basin subsidence by Triassic rifting on
a lithospheric cooling background

K. Sgrensen

Nature 319, 660-663 (1986)

IN this letter Figs 2 and 3 were transposed; the legends are correct
as printed.

Corrigendum

Electron microscopy of frozen-hydrated
biological material

M. Stewart & G. Vigers

Nature 319, 631-636 (1986)

IN the numbered references 11, 16, 28, 38, 41 and 47, the author’s
name should read McDowall, A. W. The correct form is seen in
ref. 39,
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