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The complete amino acid sequence of the alpha chain of the dimeric sarcoplasmic Ca?*-binding protein (SCP-I= x,) from

crayfish (Astacus leptodactylus) has been determined by partial automatic sequencing of the peptides derived from tryptic

digests of the protein after citraconylation or treatment with 1,2-cyclohexanedione. Overlapping peptides were obtained

by cleavage with ¢-iodosobenzoic acid, or digestion with Staphylococcus aureus protease, thermolysin and pepsin. The

acetylated N-terminus was identified by fast atom bombardment mass spectrometry. The monomeric protein contains

192 amino acids and has an A4, of 21 643. The sequence shows the presence of three calcium-binding sites and perhaps
of two others that may be degenerated.

Chain, «-; Sarcoplasmic protein; Ca**-binding protein; Amino acid sequence; (Astacus leptodactylus)

1. INTRODUCTION

Sarcoplasmic calcium-binding proteins are solu-
ble proteins present in both vertebrate and in-
vertebrate muscles. Their function is not yet fully
understood. Parvalbumins (PV) which are found
in vertebrate sarcoplasm, appear to function as a
relaxing factor in fast skeletal muscle contraction
[1,2}. Interest in PV led to the first amino acid se-
quence [3] and crystal structure [4] among the
calcium-modulated proteins.

In invertebrate muscles, where PV are not
found, other acidic calcium-binding proteins have
been isolated [5—9]. Proteins from crustaceans ex-
ist as dimers and dissociate in the presence of SDS
into subunits of 22 kDa. In other invertebrates,
only monomeric isotypes are found [10].
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Among the sarcoplasmic calcium-binding pro-
teins from invertebrates (SCP), crayfish (Astacus
leprodactylus) SCPs were the first studied [11].
Their isolation showed a polymorphism with two
distinct polypeptide chains: SCP-I (a3), SCP-II
(@.8), SCP-III (83). These isotypes are found in
three protein peaks in the proportion 14:1.5:1 ac-
cording to their absorbance values after elution
from DE-52 cellulose column [10]. An analogous
polymorphism was observed after the isolation of
SCPs from shrimp (Penageus sp.) tail muscle [6].

Of the three isotypes from crayfish, SCP-I is the
best characterized. This protein binds 6 Ca?* per
dimeric molecule [12]. The dimer has two
Ca**-specific and four Ca?*-Mg?* sites and struc-
tural changes induced by the binding of these
metals have been reported [13].

A better knowledge of their properties requires
determination of the primary and tertiary struc-
tures. Whereas work on the three-dimensional
structure is in progress (Kretsinger, R.H., personal
communication), we describe in this report the
complete amino acid sequence of the a-chain from
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crayfish SCP-I[. A comparison of this sequence
with other well-known calcium-modulated pro-
teins has recently been made [14].

2. MATERIALS AND METHODS

2.1, Purification of protein SCP-1
Protein SCP-1 was purified from crayfish muscle as described
in [11].

2.2. Peptide preparation after enzymatic and chemical
cleavages

The protein was carboxymethylated according to [15] and
allowed to react with citraconic anhydride [16] or
1,2-cyclohexanedione [L7]. After tryptic digestion, peptides
were separated by chromatography on two columns (0.9 x
200 ¢m) of Sephadex G-50 fine, or on one column (0.9 x
140 c¢m) of Bio Gel P4, both equilibrated with 0.5% ammonium
bicarbonate.

In one experiment, the tryptophany! bonds were cleaved by
the o-iodosobenzoic acid reagent (Pierce) on the carbox-
ymethylated protein, according to reaction 3 in [18). Then, in-
soluble peptides were citraconylated and fractionated as above,
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Subdigestion, when necessary, involved Staphylococcus
aureus V8 protease (Pierce), thermolysin (Serva) or pepsin
(Merck), and the subpeptides were fractionated by
chromatography on two columns (1.3 x 120 cm) of Bio Gel
P10, or a column (0.46 x 25 cm) of z-Bondapak-phenyl. In the
latter case, the peptides were eluted at a flow rate of 2 ml/min
with a linear gradient from 0 to 80% (0.09% TFA, 90%
acetonitrile) for 55 min, and monitered at 220 and 280 nm.

The performic acid oxidized protein or the heat denatured
protein as described in [19], were also digested by trypsin and
the tryptic peptides were fractionaied on a column of Dowex 50
(0.9 % 20 c¢m) with a pyridine gradient or a x-Bondapak-phenyl
reverse phase column.

2.3. Sequence determination

Amino acid analysis, automatic Edman degradation and
phenylthiohydantoin derivative identification were performed
as described in [15].

2.4. Molecular mass determination

The molecular mass of some peptides was determined by fast
atom bombardment, to determine the global composition in
amino acids [20].
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Fig.1. The amino acid sequence of the a-chain protein. T, CT, HT: tryptic peptides resulting from the denatured, the citraconylated

or the ¢yclohexanedione-treated protein; lIod, V, Th, P: subpeptides derived from cleavage with iodosobenzoic acid, Staphylococcus

aureus VB protease, thermolysin and pepsin, respectively; —— represents the portion of peptides determined by automated Edman

degradation and ~- the portion derived from amino acid composition; FAB: peptides with global composition obtained by fast
atom bombardment. )

210



Volume 243, number 2
3. RESULTS AND DISCUSSION

3.1. Sequence determination

The complete amino acid sequence of protein
SCP-I is presented in fig.1. Most of the sequence
was easily deduced from automatic Edman
degradation of the long peptides obtained after
citraconylation or reaction of the protein with
1,2-cyclohexanedione. Overlapping peptides were
obtained from cleavage with o-iodasobenzoic acid
or from S. aureus protease digestion. Only the
‘core’ of the protein (positions 83—102) was dif-
ficult to obtain directly, due to the accumulation
of hydrophobic residues responsible for peptide
loss on the different columns. Therefore, it was
necessary to use the tryptic peptides which were
overlapped by sequencing subpeptides from ther-
molysin digestion.

As the N-terminal amino acid was blocked, the
sequence was obtained from a peptic subpeptide,
the acetyl-alanine terminus from the amino acid
composition and the molecular mass determined
unambiguously by fast atom bombardment [20].

The C-terminal sequence was derived directly
from subpeptides and confirmed by results of car-
boxypeptidase A digestion.

During this work, a microheterogeneity in posi-
tions 78 and 112 with both valine and isoleucine in
erratic quantities depending on the sequenced pep-
tide was observed. In an attempt to quantify these
amino acids, the tryptic peptides from the heat
denatured protein were fractionated by HPLC. A
peptide, T973-83, was isolated that gave in position
78: isoleucine 68%, valine 32%; two other pep-
tides, T14111-126 and T14{ys-12¢, in the ratio 3:1
showed only valine or isoleucine, respectively, in
position 112, We think that the isolated protein
(SCP-1) was in fact a mixture of two chains, &, and
a, the latter different at least in two residues. An
analogous microheterogeneity was observed by
Takagi and Konishi who characterized two a-
chains from shrimp tail muscle, differing only by
four residues [6].

3.2. Characteristics of the sequence

Monomeric SCP-1 contains 192 amino acids and
its calculated molecular mass is 21643 Da. The
value is in agreement with the data obtained
previously by gel filtration and equilibrium
sedimentation [10,11]. The amino acid composi-
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tion as derived from the sequence agrees also with
the composition obtained from the amino acid
analysis (table 1). Minor discrepancies could be ex-
plained by the mixture of &, and ay chains.
Investigation of calcium-binding sites in the pro-
tein SCP-I amino acid sequence shows the presence
of three loops (fig.2) with the typical EF hand
calcium-binding site [22]. Loops IV and V, if true,

Table 1

Amino acid composition of the a-chain from SCP-1

Amino acid Residues
From analysis From sequence
[10] (this work)
Asp 35 17
Asn - 18
Thr 5 5
Ser 8 7
Glu 21 13
Gln - 6
Pro 3 3
Gly 12 11
Ala 23 23
Cys k] 3
Val 13 14
Met 2 2
Hle 11 11
Leu 13 13
Tyr 9 10
Phe 13 13
Trp 2 2
Lys 14 14
His 0 0
Arg 7 7
X Y z 3'9) X z
2 3 4 55 7 8 91011 12
Calmodulin
Loop I 20 D EDGD GTTITTZXKE 31
SCP-1
Loop I (72l TIPP N INl e F L D] K W 28
Loop 1I 68 D| FIF|K|D}]G E viT|lI D g0
Loop ITI na|? VFlelpfe L vigv o 124
Loop IV ,, JEI I ID|D A4 Y N K L A T 151
Loop VIMNPDEE]ANAVYLFlsS

Fig.2. Calcium-binding sites in a-chain protein (SCP-I)
compared with loop I from calmodulin [21]. Possible calcium
coordinating positions are boxed.
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cannot bind the metal. They have lost some of the
amino acids with oxygen-containing side chains
that are essential to bind calcium, and the glycine
at position 6 of the loop which is nécessary to form
a sharp bend. Protein SCP-I is indeed isolated as
a dimer which binds 6 Ca®*.

Finally, a study about the homology of the
calcium-modulated proteins has been made recent-
ly, where the protein SCP-I is included in a com-
plex subfamily containing also the aequorins and
the luciferin-binding protein [14].

More precise comparison of the structural
features of sarcoplasmic calcium-binding proteins
with other CaBPs will await determination of the
crystal structure.
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