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1. Introduction 

Since Edmundson [1] determined the amino acid se- 
quence of the sperm whale myoglobin in 1965, this 
protein has been examined in several other species 
( land and marine mammals, gastropod). 

With the purpose of elucidating evolutionary and 
genetic informations, comparative structural studies 
have been extended to a new zoological class: the 
birds. The partial covalent structure of chicken myo- 
globin was determined [2] first. 

This paper presents the 70 residue N-terminal se- 
quence of the penguin myoglobin. Residues have 
been positioned after sequence data obtained on pep- 
tides isolated from tryptic (T), chymotryptic (C), 
tryptic following maleylation of the protein (TM) and 
cyanogen bromide (CNBr) digestions of the globin. 
These results have been confirmed by stepwise degra- 
dation of the whole globin and of a large TM peptide 
using a sequencer. 

2. Materials and methods 

The main component of penguin myoglobin was pre- 
pared from muscles as previously described [3]. 

After having removed the heme moiety from the 
protein, the globin was denatured by heat (5 min, 
100°C). It was submitted to tryptic hydrolysis by adding 
the enzyme to a 10 mg/ml substrate solution (4% w/w) 
and allowing the enzymatic digestion to be processed 
at 40°C for 150 min at pH 8.5 The globin was subjec- 

ted to chymotryptic hydrolysis (pH 8.0, 40°C, 180 
min) with an enzyme/substrate ratio of 3:100. 

The separations of tryptic and chymotryptic pep- 
tides were performed by column chromatography 
(150 × 1.4 cm) on Dowex 50W X 2 resin at 40°C 
using a double linear gradient of pyridine acetate (pH 
2.5 to 5.1 and O.1 to 2.0 N in pyridine). 

Each fraction was purified by high voltage paper 
electrophoresis at pH 3.6 or 6.5. 

Maleylated myoglobin [4] was digested with tryp- 
sin at an enzyme/substrate ratio of 4:100 (w/w) for 
240 min at 40°C and peptides were isolated on a 
1.4 × 1. 50 cm column of Sephadex G-25 in 0.01 N 
NH 3 . After the removal of the maleyl groups by in- 
cubation in 0.1 N acetic acid for 48 hr at 45°C, some 
peptides were purified anew by high voltage paper 
electrophoresis at pH 6.5. 

Reaction with CNBr was carried out as described 
by Gross and Witkop [5] and the isolation of pep- 
tides was performed by gel filtration on Sephadex 
G-25 and/or G-50  on a 150 X 1.4 cm column. 

Amino acid compositions of the peptides were ob- 
tained with an automatic amino acid analyzer (Beck- 
man Unichrom) and peptide sequences were deter- 
mined by the combined dansyl-Edman technique [6, 
7]. Dansyl amino acids were identified by two dimen- 
sional chromatography on polyamide sheets of 5.0 
× 5.0 cm using solvents reported by Woods and Wang 
[8]. 

The C-terminal residues were identified by amino 
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acid analysis after kinetic hydrolysis with carboxypep- 
tidases A and/or B. 

The whole globin and a maleylated peptide (TM3) 
were submitted to automatic Edman degradation [9] 
on the Beckman sequencer (model 890). The identi- 
fication of the PTH amino acids was realized by gas- 
chromatography [10] (Beckman CG 45 chromato- 
graph) and in some cases by automatic analysis of 
the amino acid liberated by acid hydrolysis (6 N HC1, 
120°C, 16 hr) of the PTH derivative. 

3. Results and discussion 

The N-terminal sequence of penguin myoglobin ob- 
tained by the chymotryptic, tryptic and CNBr pepti- 

des overlaps and by automatic sequential degradation 
is presented in table 1. 

A few particular points might be outlined: 
i) Since penguin myoglobin contains 8 residues of 

methionine (instead of 2 or 3 for mammalian glo- 
bins), the gel filtration of  the CNBr digest produc- 
ed a complex mixture from which only one pep- 
tide was obtained in a satisfactory pure state af- 
ter high voltage electrophoresis on paper; 

ii) The peptide TM 3 isolated from the tryptic digest 
of maleylated myoglobin is a large fragment con- 
taining 42 residues ranging from the positions 57 
to 98. Its N-terminal sequence was partially obtain- 
ed by automatic sequential degradation; 

iii) The residues Asp and Glu in positions 53 and 54 
were positioned by homology with the mammali- 
an myoglobin sequences already determined. 

Table 1 
Determination of the N-terminal sequence of penguin myoglobin. 
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,-- C, T, TM, CNBr ~ chymotryptic, tryptic, tryptic from maleylated myoglobin or cyanogen bromide fragments. 

Amino acids identified by automatic sequential degradation. 
Residues identified as dansyl derivatives or by carboxypeptidases are set in italic print. 
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The partial amino acid sequence of the penguin glo- 
bin differs from sperm whale myoglobin at 25 sites on 
the first 70 residues and from chicken myoglobin at 
8 sites on the first 47 residues. 

When compared with all other species studied, pen- 
guin protein presents 10 substitutions never observed 
before. These replacements are Asn for Ser at position 
3, Met for Val, Ala, lie at position 13, Ser for Ala, Thr 
at position 19, Ala for Asp or Glu at position 27, Met 
for Leu at position 40, Arg for Lys at position 47, Gly 
for His at position 48, Pro for Glu at position 52, Gly 
for Ala, Arg at position 57 and Met for Leu at positi- 
on 61. 

Although it is difficult to discuss the evolution of 
globins with incomplete data, it clearly appears, on the 

basis of  the amount of  substitution, that the penguin 
protein is markedly different from mammalian myo- 
globins. 

An examination of the amino acid sequence of 
this penguin hemoprotein in relation to the three di- 
mensional structure of  sperm whale myoglobin shows 
that the replacements occur both at external and in- 
ternal positions of the molecule. The differences ob- 
served inside are generally interchanges between very 
similar residues, essentially hydrophobic amino acids. 

Furthermore, the variable residues observed among 
the two proteins can be considered as differing most 
frequently by a single point mutation [11 ]. Only the 
replacements of  Gly-5 ,  His-  12, His-48 and Glu-52 
in sperm whale by Gin, Thr, Gly and Pro respectively 
in penguin are consequent upon the exchange of two 
bases in the codon triplet. 

None of  the substitutions observed seems to be of  
such a nature as to induce a drastic change in the spa- 
tial conformation exhibited by the sperm whale mole- 
cule. The particular substitution, of a Pro for Glu at 
the second residue of the D a helix (position 52) is 
perfectly'compatible with the progression of the ct 
helix [12]. 

Comparison of the amino acid sequences of  the 
penguin protein with myoglobins from other species 
and physicochemical studies in solution on penguin, 
chicken and sperm whale myoglobins [3] confirm this 
conservation of structure. 
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