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1. Introduction

The primary structure of major parvalbumins of
hake (Merlucius merlucius) [1, 2] and of carp
(Cyprinus carpio) [3] have been determined recently.
The comparison of the two sequences has confirmed
the homology of these proteins typical of aquatic cold
blooded vertebrates {4, 5].

We report here the amino acid sequence of the
major component of the two parvalbumins extracted
from pike muscle. This protein has, by contrast with
the rather conservative amino acid compositions of
the other parvalbumins, and unusual composition
characterized by a high content of 17 lysine residues
and by the absence of cysteine, proline, tyrosine and
tryptophan. The molecule has an isoelectric point of
5.0 and strongly binds two calcium ions [6, 7].

2. Materials and methods

The protein was prepared and characterized as de-
scribed previously [6, 7].

Tryptic digestion was performed at 37°C in 0.2 M
NH,HCO; brought to pH 7 with formic acid by addi-
tion of 2% (w/w) trypsin [8]. The procedure, lasting
8 hr, was repeated twice in order to ensure complete
digestion of the native protein.

The chymotryptic digestion was carried out in 0.2
M phosphate buffer, pH 8.5 with 1% (w/w) chymo-
trypsin for 15 hr at 37°C.

CNBr fragmentation was performed as described
earlier [9]. The resulting fragments were isolated by
gradient elution chromatography on DEAE Sephadex
A-25.,
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The isolation of the individual peptides produced
by enzymatic digestions was according to the follow-
ing sequence of operations: gel fiitration on a Biogel
P4 column (2.5 X 100 cm) equilibrated in 0.05 M
NH4HCOj, further resolution of the fractions by
chromatography on polystyrene sulfonic resins
(Dowex 50 X 2, Technicon Chromobeads P) in
pyridine—acetic acid buffers and on DEAE cellulose
(Whatman DE 32), with final purification by chroma-
tography or electrophoresis on cellulose thin layer
(1 mm) and on paper.

The N-terminal acetylated chymotryptic peptide
was obtained from a 2 hr, 2% (w/w) chymotryptic
digest of the succinylated protein [10] by passing the
acidified mixture through a Dowex 50 X 2 column
(0.9 X 15 cm), H* form. The peptide was recovered
by elution with water.

The amino acid analyses of the peptides, after
hydrolysisin 6 N HCl for 24 hr, were made with a modi-
fied Beckman amino acid analyzer 120B using the two
column system [11].

The amino acid sequences of the peptides were
elucidated using digestions with carboxypeptidase A
(EC 3.4.2.1), carboxypeptidase B (EC 3.4.2.2), leucine
amino peptidase (EC 3.4.1.1) and the Edman-dansyl
method [12]. Dansyl amino acids were identified on
(7.5 X 1.5 cm) polyamide layers (Cheng Chin Trading)
[13].

The presence of the N-terminal acetyl-alanine resi-
due and the amino acid sequences of the tryptic octa-
peptides T3 and T, have been confirmed by mass
spectrometric analysis of the permethylated materials.

The position of the amide groups have been assigned
on the basis of the electrophoretic mobilities of the
peptides on paper at pH 6.5 [14] and in ambiguous
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cases by the same method but on the peptides de-
graded to suitable extent by the Edman method.
The amide group in position 41 has been detected by
mass spectrometry.

The tryptic peptides have been aligned mainly on
the basis of the CNBr fragmentation and chymotryptic
overlaps and partly by comparison with the two other
parvalbumin sequences already available [2, 3].

3. Results and discussion

The amino acid sequence of the parvalbumin Il of
pike, along with the homologous sequences of the hake
and carp parvalbumins are shown in fig. 1.

The polypeptide chain is composed of 109 residues
in agreement with the amino acid composition previ-
ously reported [7] exception being that the later must
be corrected for one additional valine and alanine and
for one exceeding lysine residue.

When compared to the carp sequence, 39 amino
acid replacements and one addition at the C-terminal
end have occurred. 13 Substitutions are located within
the first 20 residues. A similar figure of 48 substitu-
tions is observed when one compares the pike to the
hake sequence, 12 of them occurring within the first
20 residues. An interesting fact is the presence of a
valine residue in position 18 found being occupied by
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the only cysteine residue in the hake as well as in the
carp sequence.

Important common features are also striking, nota-
bly the N-acety! terminal group, the doublet —Phe—
Phe— in position 2930, the doublet —Lys—Lys— in
position 44—45, the group of four acidic residues in
position 59—62 and the presence of Arg in position
75. Moreover, the structure of the two Ca?* binding
sites, identified in the carp parvalbumin, using X-ray
diffraction data, (R.H. Kretsinger, personal communi-
cation) are entirely conserved in the pike and in the
hake sequences. The first site implicates residues 51,
53, 55,57, 59 and 62 and the second the residues 90,
92,94,96 and 101. This finding associated with the ex-
treme difficulty of releasing the metal ions from their
binding sites emphasize the idea of the role of the two
Ca?" ions as structural requirements.

Position 81 is occupied by a Glu residue which was
found to form an internal salt bridge with the unique
Arg 75 in the carp parvalbumin [3]. These two sites
are also conserved in the pike as well as in the hake
sequence. Immunochemical studies [15] have provided
strong evidence that Arg 75 occupies a key structural
position in the parvalbumin molecule.
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PIKE IIT Acétyl-All-Lys-Asp-Leu-Leu-Lyl-Ah—Asp-Asp-Ile-Lys Lou-Lys-Alu-Leu-Asp-Alu—Val Lys-Ala-Glu-Gly-Ser-Phe-Asn-His-Lys-Ala~Phe-Phe-Ala-
@[22t e T19 e & T21 Té— T15 TS -—T17
HAKE Phe-Ala-Gly -Ile -Leu Ala—Alp—Ile-'rhr-Alu Ah Cys Lys Gly-Glu Thr
CARP III -Fhe-Ala-Gly-Val-Leu-Asn Ala-Asp-Tle-Ala-Ala Glu Cys Ala-Asp Asp

60
PIKE 11 Lys-Val—Gly Leu‘Lys-Ala-Met-Ser-Ala-Asn-Asp-Vd-Lyl-Lys—Vul—Phe—Lys-A]rIle—Asp-Ala—Asp-Al.—Ser-Gly -Phe-Nle-Glu-Glu-Glu-Glu-Leu-
T20 - T 10e Tl
HAKE Dle Gly- Lys Ala Tle Gly-Ile Gln Lys Asp Val Asp
CARP II Thr-Ser-Lys Asp Ala Ala.Tie Gln Lys Asp
80 90
PIKE Il Lys- Phe—Val Leu—Lys-Set-Phe-AlA-Ah-Anp Gly-Arg—Aup—Lcu~Thr-Alp-All—Glu-Thr-Lys-Ala—Phe-Lcu-Lyl-AlA- a-Asp-Lys-Asp-Gly-Alp-Gly-
HAKE Leu—Phe Gln-Asn Ser Gly-Aln Ala Ala-Thr Gly Ser
CARP I Leu-Fhe Gln-Asn Lys Ala Ala Gly Thr Gly Ser
100 109
PIKE Il Lys-lle-Gly-lle-Asp-Glu-Phe-Glu-Thr-Leu-Val-His-Glu-Ala-OH
— T2 -
HAKE Val-Glu Ala-Ala-Met Lys-Gly-OH
CARP 11 Val Thr-Ala Iye-Ale-OH

Fig. 1. Proposed alignment of the tryptic peptides of the parvalbumin III of pike compared to the homologous sequences of carp

and hake components.
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