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SUMMARY: A distant relationship between chicken ovalbumin and two human
plasma protease inhibitors was revealed by computer analyses. We propose a
new protein superfamily containing at least three families: ovalbumin (and
probably gene X and gene Y proteins), antithrombin-III, and alpha, -proteinase
inhibitor. Although these families may have diverged from a common ancestor
more than 500 million years ago, they may still share similarity in gene
structure as well as in protein sequence.

The sequence of the mature messenger RNA, comprising eight exons, of
chicken ovalbumin has now been determined, allowing the derivation of the
protein sequence (1). In addition, the sequence of the 2368 nucleotides in a
2.4-kilobase fragment of the DNA, extending from within the first intron into
the fifth, has recently been established (2). Other recent investigations of
the DNA ad jacent to the ovalbumin gene have revealed two apparently related
genes (3,4),

As part of our initial examination of a new protein sequence, we compared
ovalbumin with all sequences in the Atlas Data Base by means of our computer
program SEARCH (5). This analysis revealed an unexpected and definite rela-
tionship between the sequence of ovalbumin and that of human antithrombin-III,
which is almost completely determined (6). The homology of the carboxyl-

terminal 152 residues of human plasma alpha,-proteinase inhibitor (7) to the

1
carboxyl-terminal region of antithrombin-III has just been described (6,7).

We find that chicken ovalbumin is clearly related to both proteins and propose
that all three should be grouped in the same protein superfamily, which we
provisionally name the ovalbumin-antithrombin superfamily.
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RESULTS OF COMPUTER ANALYSES

For these analyses we used three of our programs, SEARCH, ALIGN, and the
alignment program DISP, which also generates a matrix of percent differences
(5). In comparing a protein with the data base, we first search all
consecutive 25-residue segments and examine the top scores. In the searches
of the 16 segments from the ovalbumin sequence, a related region of
antithrombin-III had the top score in 9 of the 16, and was among the top four
scores in three more. In the searches of alpha1—proteinase inhibitor, the top
two scores in three of six searches were either ovalbumin or antithrombin-III.

Next we compared the three possible pairs of the sequences with program
ALIGN, which calculates the best alignment between any pair of sequences,
given a matrix of amino acid pair scores and a penalty for breaking a sequence
(gap) (5). In this work we have used the Mutation Data Matrix with a bias of
6 and a gap penalty of 6. The maximum score that can be achieved by an align-
ment of a pair of real sequences is compared with the distribution of maximum
scores for a large number (usually 100) of random permutations of the two
sequences. The mean and standard deviation of this approximately normal
distribution are calculated. The alignment score (AS) is the number of
standard deviations by which the maximum score for the real sequences exceeds
the average maximum score for the random permutations. The probability that a
score as high as that from the real sequences could have been obtained in a
comparison of randomized sequences can be determined from the cumulative
standardized normal distribution table (5). The entire ovalbumin sequence
(385 residues) compared with residues 49-423 of antithrombin-III gave an AS of

22.10 (p < 107190

Y. Such a low probability is usually ascribed to a common
evolutionary origin of the sequences. For comparison with the carboxyl-

terminal 152-residue fragment of alpha. -proteinase inhibitor, we used the

1
corresponding regions (carboxyl-terminal 162 and 156 residues) of

antithrombin-III and ovalbumin; the AS were 12.27 (P < 10_3u) and

13.49 (P < 10—41)' respectively.
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The alignment of the three proteins, derived from the ALIGN matchings with
gaps adjusted in a few places to improve the alignment, is shown in Figure 1.
Based on this alignment, the three proteins are approximately 70% different
from one another, placing them in different families (sequences within a
family are <50% different) in the same superfamily (5). These values may
change a little when the complete sequence (approximately U400 residues) of
alpha1—proteinase inhibitor can be compared.

Antithrombin-III is longer than ovalbumin by 48 residues at the amino
end. This U8-residue segment does not significantly resemble, using ALIGN,
any of the three sequences translated from the frameshifts of ovalbumin intron
A-exon 2 (preceding Gly-1) (2). Nor did a search of the U8-residue segment
reveal any significantly related sequences in the data base. A search of the
amino-terminal 33-residue fragment of alpha1-proteinase inhibitor (8), as well
as comparisons, using ALIGN, with the three frameshift sequences, gave no
significant results. A comparison with ALIGN of the two amino-terminal
inhibitor sequences gave a negative score; thus the amino ends of these two
proteins do not appear to be related.

DISCUSSION

The sequences of ovalbumin and the two plasma inhibitors are clearly
related; indeed, the greatest similarity is between ovalbumin and
antithrombin-III., However, the relationship among them is distant enough
that, by our criteria, they should be placed in different protein families
within one superfamily (5).

Although ovalbumin and the two inhibitors possess some of the same
structural modifications, their positions do not usually correspond when the
sequences are aligned. As is common among secreted proteins, all three are
glycoproteins. Ovalbumin has one functional Asn-X-Ser/Thr carbohydrate

binding site (1,9), antithrombin-III has four (6), and alpha,-proteinase

1
inhibitor has at least one (7). None of these sites are at corresponding

positions in the alignment. In ovalbumin alone, two serines bind phosphate
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and the amino end is acetylated after removal of the initiator methionine
(1,10,11). Of the six cysteines in both ovalbumin and antithrombin-III, only
the last in each sequence can be aligned to correspond (1,6). Antithrombin-TIII
has three disulfide bonds (6), but ovalbumin has only one, whose location is
not definitely established (1,12,13). Ovalbumin is synthesized from its
messenger (14) without the amino-terminal hydrophobic signal peptide (11)
found in the sequences of the other major egg white proteins. However, a
20-residue region, at alignment positions 236-256, apparently forms an
internal signal sequence that functions in translocation across the
endoplasmic reticulum membrane (15). No information about the signal
sequences of the two inhibitors is available for comparison.

Antithrombin-III and alpha,-proteinase inhibitor, together with the

1

general endopeptidase inhibitor alpha_-macroglobulin (most of whose sequence

2
is not yet known), account for all of the normal plasma antithrombin activity
(75-80%, <5%, and 20-25%, respectively) (16). However, alpha1—proteinase
inhibitor may primarily inhibit elastase activity, especially in the lungs
(7). Antithrombin-IIT has one reactive site, Arg-Ser at alignment positions
358-359; the disulfide bond 208-395 joins the two fragments after thrombin

cleavage (17). Alpha_ -proteinase inhibitor has a Met-Ser reactive site near

1
the carboxyl end; it may also have a second site, nearly identical with the
other over a distance of 25 residues, near the amino end (7). The reactive
sites of the two inhibitors, at alignment positions 358-359, are homologous
(7,17,18), and the short regions from position 356 to 363 are similar to the
reactive site regions of other serine protease inhibitors (5,18). Positions
358-359 are Ala-Ser in the ovalbumin sequence; the region 356-363 also
resembles reactive site regions of some serine protease inhibitors, for
example, elastase inhibitors. A protease inhibitory function for ovalbumin
has not yet been proposed, but considering the sequence similarities, it

should be investigated. No other specific function for ovalbumin has been

experimentally demonstrated, although several have been suggested. It appears
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to be structurally unrelated to the other three major egg white proteins,
ovomucoid (protease inhibitor), ovotransferrin (iron-binding, bacteriostatic),
and lysozyme (bactericide).

At present we do not have enough information to calculate the rates of
change among these proteins or to deduce an evolutionary tree distinguishing
the protein and the species divergences. If we assume that the rates of
change for all three proteins lie somewhere between 9.8 PAMs (accepted point
mutations per 100 residues) and 18 PAMs per 100 million years, the rates for
animal lysozyme and for pancreatic secretory trypsin inhibitor (5), then their
divergence times could have been at least 500 million years ago, before or
during early vertebrate evolution. Based on such an estimate, genes for all
three proteins would have been present in the mammal-bird ancestral line and
could still be present and expressed in birds; in mammals the ovalbumin gene
may have been lost or be present but not expressed by any type of cell. The
mammal-bird ancestral gene most likely coded for an inhibitory protein. If
ovalbumin should alsoc prove to be a protease inhibitor, then this function
would have been conserved in all three resulting families of proteins.

In recent investigations of the DNA region in the 5' direction from the
chicken ovalbumin gene (3,4), two more genes, named X and Y, were found that
have the same exon-intron pattern and approximate sizes. Genes X and Y are
about 8500 and 6500 nucleotides long and the mature messengers are about 2400
and 2000 nucleotides long (3,4). Regions of all three genes cross-hybridize,
indicating varying degrees of structural similarity, and the structure of the
gene X eighth exon fragment is fairly similar (57% identity) to the homologous
region in ovalbumin (3,4). Most likely all three protein sequences will prove
to be less than 50% different and, therefore, in the same family, analogous to
the alpha-type and the beta-type hemoglobin families (5). We also consider it
likely that, as a result of possessing a common ancestral gene, the genes for
the two inhibitors will be found to have an exon-intron pattern similar to

that of the ovalbumin family. Indeed, this newly proposed superfamily
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resembles several others now known, such as those of the globins, several
hormones, and several protease inhibitors, that demonstrate distant
duplication events preceding most of vertebrate evolution (5).
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