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Two calcium-dependent proteins of apparent M, 32000 and 34000 were isolated from bovine lung. Approx. 70 mg/kg 
of each was obtained. Two-dimensional gel electrophoresis in the presence of 8 M urea showed their apparent pl values 
to be 5.1 and 5.0, respectively. Both proteins are related immunologically to calelectrin from Torpedo marmorata. They 
also have very similar amino acid compositions to calelectrin. Partial sequence information shows that both proteins 
contain the highly conserved sequence described for the annexins, a new family of calcium-dependent membrane-binding 
proteins. In common with other members of this family, the new proteins bind to acidic phospholipids in a calcium- 

dependent manner. 

Annexin; Calpactim Endonexin; Lipocortin; Ca 2+-dependent phospholipid-binding protein; (Bovine lung) 

1. INTRODUCTION 

Calcium plays a key role in cell regulation, and 
its effects are mediated by calcium-binding pro- 
teins, such as calmodulin [l]. Recently, a new 
family of calcium-binding proteins has been iden- 
tified in a wide range of tissues, and termed the an- 
nexins [2,3]. The members of this group so far 
identified include calelectrin from the electric ray 
Torpedo marmorata [4,5] and the mammalian pro- 
teins calpactin I (a substrate of the tyrosine kinase 
pp60”’ [6,7], lipocortin I (a substrate of the EGF 
receptor tyrosine kinase) [7,8], endonexin [9,10], 
protein II [11,12], endonexin II [13] and p70 
[9,11,14]. These proteins share the property of 
binding to acidic phospholipids in the presence 
of micromolar calcium concentrations [5,9,10,13, 
15-181. One of the annexins, lipocortin I, has been 
identified as an inhibitor of phospholipase A2 
[8,19,21], and calpactin I [20,21], p70 [21] and en- 
donexin II [13] have been shown to share this 
property. 

Correspondence address: C.M. Boustead, Department of 
Biochemistry, University of Leeds, Leeds, LS2 9JT, England 

Three of the mammalian annexins (endonexin, 
p70 and calpactin I heavy chain) were shown to 
cross-react with an antiserum to Torpedo calelec- 
trin [9,22]. Subsequently, a 17-amino-acid consen- 
sus sequence was identified in Torpedo calelectrin, 
endonexin, protein II, calpactin I heavy chain [lo], 
p70 [23] and endonexin II [ 131. Complete sequence 
data are now available for calpactin I heavy chain 
[20,24,25], lipocortin I [8] and protein II [12]. A 
high degree of homology was found between all 
three proteins. Each one is made up of a variable 
NHz-terminal tail followed by four internal repeats 
of about 70 amino acids, including the 17-amino- 
acid consensus sequence. 

The total number of mammalian proteins which 
share the characteristics of the annexins is so far 
unknown. Thirteen proteins from bovine adrenal 
medulla (chromobindins) have been identified 
which bind to chromaffin granule lipids in a 
calcium-dependent manner but only four (iden- 
tified as calpactin I, lipocortin I, endonexin and 
~70) are so far known to contain the consensus se- 
quence [ 17,261. We describe here the isolation and 
characterization of two new proteins isolated from 
bovine lung which share with annexins the proper- 
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ties of calcium-dependent binding to acidic 
phospholipids, immunological similarity to 
Torpedo calelectrin and possession of the highly 
conserved sequence. 

2.6. Amino acid analysis 
Proteins were freed of salts by precipitation with 3 ~01s 

acetone. Precipitated protein (100 pg) was redissolved in water, 
dried into hydrolysis vials and acid hydrolysed with 5.7 N HCI 
in the vapour phase for 24 h. Amino acids were quantitated us- 
ing an LKB Alpha-Plus analyser. 

2. MATERIALS AND METHODS 

2.1. Isolation of annexins 

2.7. Amino acid sequencing 

Bovine lung was obtained from a local abattoir and stored 
frozen at - 70°C until required. Tissue (50 g) was homogenized 
in a Waring blender with 250 ml of 0.15 M NaCl/lO mM 
Hepes/S mM EGTA (pH 7.4) and centrifuged for 30 min at 
40000 x g. The supernatant was removed, and CaCl2 added to 

it to a final concentration of 6 mM (1 mM excess). After 15 min 
on ice, the fraction was centrifuged for 30 min at 40000 x g. 

The pellet was washed first with 100 ml of 0.15 M 
NaCl/lO mM Hepes/l mM CaCl2 (pH 7.4) and then with 
100 ml of 10 mM Hepes/l mM CaClz (pH 7.4). The pellet was 
then resuspended in 15 ml of 10 mM Hepes/lO mM EGTA (pH 
7.4) and centrifuged for 30 min at 100000 x g. 

Phenylmethylsulphonyl fluoride (0.25 mM) was present 
throughout, and all steps were performed at 4°C. 

Peptides were produced either by trypsin or lys-C digestion at 
an enzyme to substrate ratio of 1: 200 (w/w) for 24 h. Peptides 
were isolated by reverse-phase HPLC using Brownlee aquapore 
Cs columns and a gradient of O-70% (v/v) acetonitrile in 0.1% 
trifluoroacetic acid. Peptides selected at random were se- 
quenced using an Applied Biosystems model 477A amino acid 

sequencer. 

2.8. Phospholipid binding 

2.2. Zon-exchange chromatography 
The final supernatant was dialysed against 20 mM Hepes (pH 

7.4) and applied to a 1.0 x 5.0 cm column of DEAE-cellulose 
(DE52, Whatman, Maidstone, England) equilibrated in the 
same buffer. After elution of unabsorbed material, a convex ex- 

ponential gradient was applied, formed from 40 ml of 20 mM 
Hepes (pH 7.4) in the mixing vessel and 0.6 M NaCl/20 mM 
Hepes (pH 7.4) as the limiting buffer [27]. In some cases, in 
order to separate the two proteins, a shallower gradient was 
formed from the same buffers by using a mixing volume of 
60 ml. The column was run at 12 ml/h and fractions (1 ml) 
were collected. 

Phospholipid vesicles were made in the presence of 240 mM 
sucrose from phosphatidylcholine (PC) alone, or equimolar 

mixtures of PC and phosphatidylserine (PS), phosphatidyl- 
ethanolamine (PE), phosphatidylinositol (PI) or phosphatidic 

acid (PA) (Sigma, Poole, England) [32]. The liposomes were 
harvested by adding 2 vols buffer A [lo0 mM KC112 mM 
MgCl2/1 mM EGTA/20 mM Hepes (pH 7.4)], buffer B (buffer 
A plus 1.1 mM CaCl2 to give 100 pM free Ca’+) or buffer C 
(buffer A plus 2 mM CaCl2 to give 1 mM free Ca’+) and cen- 
trifuging for 10 min at 12000 x g. Following two further 
washes in buffer A, B or C, binding of the proteins to liposomes 
was measured. 10 pg protein was incubated for 15 min at 20°C 
with liposomes (150/g phospholipid) in a total volume of 
500~1 of either buffer A, B or C. After centrifugation for 
10 min at 12000 x g, the supernatants were removed. The 
pellets were washed once in 500 pl buffer A, B or C, extracted 
with 300 pl acetone at - 20°C for 30 min, and centrifuged for 
10 min at 12000 x g. Equal proportions of the supernatants 

and pellets were analyzed on 10% SDS-PAGE. 

2.3. Gel filtration 3. RESULTS 
Protein was applied to a 1.6 x 70 cm column of Ultrogel AcA 

44 (LKB, Bromma, Sweden) in 0.1 M NaCl/SO mM Tris- 
HCl/l mM EGTA/I mM NaN3 (pH 7.4) and run at a rate of 
6 ml/h. Fractions of 0.8 ml were collected. 

2.4. Protein assay 

3.1. Isolation and characterization of two novel 
calcium-dependent proteins from bovine lung 

The two proteins can be rapidly extracted from 

Protein concentrations were measured using BCA reagent 
(Pierce, Rockford, IL) according to the manufacturer’s in- 
structions. 

2.5. Electrophoresis and immunoblotting 
SDS-polyacrylamide gel electrophoresis was performed ac- 

cording to Laemmli [28]. Two-dimensional gel electrophoresis 
was according to O’Farrell [29] as modified by Anderson and 
Anderson [30]. Ampholines (Pharmalytes; Pharmacia, Upp- 
sala) were a 4: 1 ratio of pH 5-8:pH 3-10. Gels were stained 
with Coomassie brilliant blue. Immunoblotting was performed 
essentially as described [3 11, using a 1 : 100 dilution of antiserum 
for 1 h and visualising with peroxidase-conjugated second an- 
tibody and diaminobenzidine. Rabbit antiserum to Torpedo 
calelectrin has been characterized previously [4]. 

bovine lung using the method described. Fig.la 
shows SDS-PAGE of the final supernatant of the 
preparation of calcium-dependent proteins. This 
supernatant was further fractionated by anion- 
exchange chromatography on DEAE-cellulose 
(fig.2). Samples of the unbound fraction of the 
column and the two peak fractions were analyzed 
by SDS-PAGE (fig.lb-d). The unbound fraction 
contained polypeptides of apparent molecular 
mass 34-38 kDa (fig. 1 b). The protein peak eluting 
at 0.08 M NaCl contained predominantly a 
polypeptide of apparent molecular mass 32 kDa 
(figlc) which cross-reacted with an antiserum to 
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Fig.1. Isolation of the 32 and 34 kDa proteins from bovine 

lung. Coomassie blue-stained 10% SDS-PAGE of: (a) final 
supernatant of the lung preparation; (b) unbound fraction of 
the DEAE-cellulose column; (c) peak eluting at 0.08 M NaCl 
from DEAE-cellulose; (d) peak eluting at 0.23 M NaCl from 
DEAE-cellulose; (e) 32 and 34 kDa proteins after gel filtration; 
(f) purified 34 kDa protein; (g) purified 32 kDa protein. (h) 
Immunoblot of (e) using antiserum to Torpedo calelectrin, 
followed by peroxidase-labelled second antibody and staining 

with diaminobenzidine. 

endonexin [9] (not shown). The majority of the 
protein eluted at 0.23 M NaCl, and showed two 
major polypeptides of apparent molecular mass 32 
and 34 kDa, together with a minor component of 
apparent molecular mass 70 kDa (fig. Id). Approx. 
70 mg/kg of each of the 32 and 34 kDa proteins 
was obtained. The 32 and 34 kDa polypeptides 
could be separated from the 70 kDa polypeptide 
by gel filtration (fig.le). All three proteins eluted 
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Fig.2. Anion-exchange chromatography on DEAE-cellulose at 
pH 7.4 of the final supernatant of the lung preparation. l-ml 

fractions were collected. 
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PI 

Fig.3. Two-dimensional gel electrophoresis of a fraction similar 
to that in fig.la. The positions of the 32 and 34 kDa proteins 

are marked (-). E, position of endonexin. 

as monomers. Partial separation of the 32 and 
34 kDa proteins could be achieved by using a 
shallow NaCl gradient applied to the DEAE- 
cellulose column. By taking the initial and final 
fractions of the overlapping peaks, each protein 
could be obtained as over 95% pure as judged by 
densitometric tracings of polyacrylamide gels. 
Fig.lf and g shows the purified proteins. 

Since the two proteins could be isolated using a 
procedure similar to that used for Torpedo calelec- 
trin [5], we investigated whether they were related 
immunologically. Fig.1 h shows that both bovine 
proteins cross-react strongly on an immunoblot 
with the anti-Torpedo calelectrin antiserum. 

As a further characterization of the proteins, we 
analyzed the final supernatant of the lung prepara- 
tion by two-dimensional gel electrophoresis (fig.3). 
The new proteins migrate with apparent isoelectric 
points of 5.1 (32 kDa) and 5.0 (34 kDa). Their 
position on the gel was confirmed by two- 
dimensional gel electrophoresis of the purified pro- 
teins (not shown). The acidic isoelectric points of 
the proteins show them to be distinct from the 
previously characterized annexins of similar 
molecular mass, calpactin I heavy chain (pZ 7.2 
and 7.4) [6], lipocortin 1 (pZ 6.8) [33], endonexin 
(pZ 5.6) [9] and protein II (pZ 6.5) [ll]. 

3.2. Amino acid composition and partial sequence 
Amino acid analysis showed that the two pro- 

teins have a very similar amino acid composition to 

235 



Volume 233, number 2 FEBS LETTERS June 1988 

Table 1 

Amino acid composition of the 32 and 34 kDa proteins and 
comparison with human placental anticoagulant protein (IBC) 

[381 

Amino acid 32 kDa 34 kDa IBCa 

Asx 10.3 9.1 9.7 
Thr 6.4 6.4 1.2 
Ser 5.7 5.5 6.6 
GlX 14.0 13.9 12.9 
Pro 2.2 2.2 1.6 
GUY 7.8 1.6 6.9 
Ala 8.2 8.2 8.2 
CYS 0.0 0.0 0.3 
Val 5.2 5.1 5.0 
Met 1.7 1.7 2.2 
Ile 5.1 5.2 5.6 
Leu 11.5 11.9 11.9 
Tyr 3.1 3.9 3.8 
Phe 3.9 4.1 4.1 
His 1.1 1.1 0.9 
LYS 6.1 6.5 6.9 
Arg 6.6 6.8 6.0 

Trp ND ND 0.3 

a Predicted from nucleotide sequence 

Tryptophan was not determined (ND). Values are expressed as 
mol% 

each other and to the previously described proteins 
Torpedo calelectrin [4], p70 [9,14], endonexin [9] 
and protein II [12]. The amino acid composition is 
also very similar to a recently described human 
placental anticoagulant protein related in sequence 
to lipocortin [38] (table 1). 

The individual proteins were both found to be 
blocked to Edman degradation at the 
NHz-terminal. Peptides were therefore produced 
by cleavage with trypsin or lysyl endopeptidase-C, 
separated by reverse-phase HPLC and amino acid 
sequence data obtained. Both proteins were found 
to contain sequences homologous to those 
reported for calpactin I [20,24,25], lipocortin 1 [S] 
and protein II [12]. The new proteins showed the 
closest homology to sequences reported for en- 
donexin II [ 131 and the sequence of human placen- 
tal anticoagulant protein [37,38] (table 2). 

3.3. Characterization of &‘-dependent 
phospholipid-binding properties 

Since the two new proteins were related im- 
munologically and by amino acid sequence to 
other annexins, we used a centrifugation assay to 

Table 2 

Sequence data for the 32 and 34 kDa proteins 

32 (32) GTVADFPGFD 
IBC MAQVLRGTVTDFPGFD 
LIP0 I MAMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTFN 

32134 ER (32) GLGTDEESILTLLT (34) RELTGLIEK (34)MKPX 
IBC ERADAETLRKAMKGLGTDEESILTLLTSRSNAQRQEISAAFKTLFGRDLLDDLKSELTGKFEKLIVALMKPS 
END0 II KPS 
LIP0 I PSSDVAALHKAIMVKGVDEATIIDILTKRNNAQRQQIKAAYLQETGKPLDETLKKALTGHLEEVVLALLKTP 

32134 RLYDAYELK (32) VLTEIIASRXLEDD AIEQVTEEEYGSSL (M) 
IBC RLYDAYELKHALKGAGTNEKVLTEIIASRTPEELRAIKQVYEEEYGSSLEDDVVGDTSGYYQR~VVLLQANRDPDAG-IDEAQV 
END0 II RLYDAYELKHALKGAGTNEKVLTEIIASRTPEELRAIKQVYEEW 
LIP0 I AQFDADELRAAMKGLGTDEDTLIEILASRTNKEIRDINRVYREELKRDLAKDITSDTSGDFRNALLSLAKGDRSEDFGVN-EDLA 

IBC EQDAQALFQAGELKWGTDEEKFITIFGTRSVSHLRKVFDKYMTISGFQIEETIDRETSGNLEQLLLAVVKSIRSI 
LIP0 I DSDARALYEAGERRKGTDVNVFNTILTTRSYPQLRRVFQKYTKYSKHDMNKVLDLELKGDIEKCLTAIVKCATSK 

IBC PAYLAETLYYAMKGAGTDDHTLIRVMVSRSEIDLFNIRKEFRKNFATSLYSMIKGDTSGDYKKALLLLCGEDD 
END0 II KGAGTDDHTLIRV VSRSEIDLFNIRKEFRKNFATSLY IKGDTSGDYKKALLLLXGEDD 
LIP0 I PAFFAEKLHQAMKGVLTRHKALIRIMVSRSEIDMNDIKAFYQKmGISLCQAILDETKGDYEKILVALCGG-N 

Amino acid sequences were obtained for peptides derived either from purified 32 kDa (32) and 34 kDa (34) proteins, or from a mixture 
of the two (M). For comparison the partial sequence of endonexin II (END0 II) and the complete sequences of lipocortin I (LIP0 

I) and human placental anticoagulant protein (IBC) are given [8,13,37,38] 
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investigate whether they also showed calcium- Two proteins with a similar migration pattern on 
dependent binding to phospholipids. When the two-dimensional gels have been observed in 
two proteins were mixed with pure PC vesicles, no preparations of the chromobindins, proteins from 
binding was detectable even at 1 mM calcium. bovine adrenal medulla which bind to chromaffin 
However, both proteins bound in a calcium- granule membranes in a calcium-dependent man- 
dependent manner to liposomes made from ner [17,26]. These two proteins, chromobindins 5 
equimolar mixtures of PC and PA, PS, PE, or PI and 7, have very similar peptide maps to each other 
(fig.4). Binding to PI-containing liposomes was and are distinct from clathrin light chains [36], but 
only detected at 1 mM Ca2+, whereas binding to have not been further characterized. However, 
PA-, PS- and PE-containing liposomes occurred at their molecular masses, isoelectric points and 
100pM free Ca’+. The same result was obtained calcium-dependent binding to membranes suggest 
when each protein was incubated independently that they are probably homologous to the bovine 
with the liposomes (not shown). lung proteins reported here. 

4. DISCUSSION 

We describe here the isolation and preliminary 
characterization of two new calcium-dependent 
proteins which are major constituents of bovine 
lung. By the criteria of calcium-dependent binding 
to acidic phospholipids, immunological similarity 
to Torpedo calelectrin, amino acid composition 
and possession of the highly conserved sequence, 
the proteins represent new members of the annexin 
family. The two proteins are very similar to each 
other in molecular mass, pl, amino acid composi- 
tion and phospholipid-binding properties, and the 
present study cannot rule out the possibility that 
the 32 kDa protein is a proteolysis product of the 
34 kDa protein. However, both proteins are 
NH*-terminally blocked and we note that calpactin 
I, lipocortin I and protein II are all sensitive to pro- 
teolysis at the NHz-terminal tail [12,19,34,35]. 

Fig.4. Calcium-dependent binding of the 32 and 34 kDa 
proteins to phospholipids. Coomassie blue-stained 10% SDS- 
PAGE of equal proportions of supernatants (S) and pellets (P) 
following incubation of the proteins with liposomes and 
centrifugation as described in section 2. Liposomes were either 
pure PC (PC) or equimolar mixtures of PC and PA (PA), PS 
(PS), PE (PE) or PI (PI). The experiment was performed in the 
presence of 1 mM EGTA (E), 100/M free Ca” (C), or 1 mM 

free Ca’+ (C+). 

A comparison of amino acid sequences indicates 
that the new proteins are most closely related to 
human placental endonexin II [13] and to the very 
recently described human placental anticoagulant 
protein; 34 kDa, pl 4.9 [37,38]. The bovine se- 
quences we report can be aligned to the sequence 
of human placental anticoagulant protein with 
86% identity. 

Saris et al. [24] have divided the annexins into 
four groups of homologous proteins (calpactin I-, 
lipocortin I-, endonexin- and p70-like proteins). 
We suggest that endonexin II [ 131, the human 
placental anticoagulant protein [37,38], chromo- 
bindins 5 and 7 [17,26] and the two new proteins 
reported here represent a fifth group. 

Although there have been a number of studies 
on the in vitro properties of the annexins, their 
physiological role remains undefined. Sequence 
similarity suggests that the new proteins would be 
expected to inhibit phospholipase A2 and our 
preliminary studies indicate that this is the case. 
Further structural and functional studies will be 
needed to elucidate the role of the two new pro- 
teins and to compare this with the other members 
of the annexin family. 
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