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Computer-assisted analysis for homology of the EGF precursor revealed the presence of two large duplica-

tion units, each comprising 5 non-EGF-like homologous segments each of about 40 residues length and

3 or 4 EGF-like segments. The amino acid sequences of the non-EGF-like repeats were subjected to search

for homology with 2600 known protein sequences compiled in our database. An unexpected but statistically

significant homology has been found, when compared with the atrial natriuretic factor precursor. The func-

tional and evolutionary implications of the homology observed between the two different precursors are
also discussed.

Repeated structure EGF precursor

1. INTRODUCTION

The complete sequence of mouse epidermal
growth factor (EGF) precursor has been deter-
mined by two groups [1,2] and shown to contain
two clusters, each comprising tandemly repeated
EGF-like segments [1-3]. Both clusters are flanked
by regions, designated X and Y, of unknown func-
tions which exhibit sequence homology to each
other [3]. An unexpected homology has been
found, when compared with the low density
lipoprotein (LDL) receptor [4,5], suggesting that
they share a common evolutionary origin. We
report here that each of the X and Y regions of the
EGF precursor also consists of tandemly repeated
segments, each being about 40 residues long, which
shares a significant homology with atrial natriuretic
factor (ANF) precursor. Possible evolutionary
relationships among the EGF and ANF precursors
and the LDL receptor are also discussed.
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2. MATERIALS AND METHODS

Sequence data were taken from [1,2] for mouse
EGF precursor, [4] for bovine and [5] for human
LDL receptors, and [6-8] for human, mouse and
rat ANF precursors, respectively. Methods for
detecting homology and that for alignment have
been described previously [9].

3. RESULTS AND DISCUSSION

The EGF precursor has been shown to consist of
3 different kinds of homologous segments; 10
EGF-like segments a-j (unit j overlaps with EGF),
two longer non-EGF-like segments X and Y and
another kind of non-EGF-like segments g-t (see
fig.1 of [3]). Computer-assisted analysis revealed
the presence of large duplication units (designated
[ and II) of apparent homology, including segments
g, X and b-¢ in unit I and r, Y and f-g as well as
s in unit II (although the segment s was classified
as a member of non-EGF-like segments [3], it ex-
hibits an obvious homology with the EGF-like seg-
ment d). It was also demonstrated that each of the
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Fig.1. Alignment of non-EGF-like repeats X1-5 and Y1-5 of EGF-precursor and the corresponding repeats (L1-5) of

LDL receptor. Boxed residues indicate identities or favoured amino acid substitutions among more than half of the se-

quences. Gaps (—) were inserted to increase sequence similarity. Amino acid positions of each repeat in EGF precursor
[1,2]) and that in LDL receptor [5] are shown in parentheses.

X and Y regions comprises 5 homologous segments
of about 40 residues long each (figs 1 and 2).
The LDL receptor was shown to be homologous
to the EGF precursor in their extracellular regions
[4,5]. Yamamoto et al. [5] also noted the presence
of 5 repeats in the LDL receptor for a region of
residues 409-610. This homologous region cor-
responds to the Y segment in the EGF precursor.
Fig.1 shows the alignment of the homologous
segments in region X and Y, including the cor-
responding segments in the LDL receptor. The
modified version of the structural organization of
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Fig.2. Structural organization of EGF precursor. EGFP,
EGF precursor; LDLR, LDL receptor; ANFP, ANF
precursor; I, II, large duplication units in EGF precur-
sor; b-j, s, EGF-like homologous segments; XI1-5,
Y1-5, non-EGF-like homologous segments; q, r, t,
another kind of non-EGF-like homologous segment.
Homologous regions of ANF precursor and LDL recep-
tor are also shown. Arrows indicate positions where in-
trons exist in ANF precursor genes.
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the EGF precursor, together with that of the LDL
receptor was shown in fig.2. As shown in fig.2, the
EGF precursor comprises two large duplication
units [ and II flanked by 3 EGF-like segments h-j
at the end of the unit II (an EGF-like semgent ‘a’
is not shown in fig.2, because it appears to share
no apparent homology with other EGF-like seg-
ments). Each large duplication unit consists of 5§
non-EGF-like segments and 3 or 4 EGF-like seg-
ments, together with a different kind of non-EGF-
like segment.

To suggest a possible function involved in the
non-EGF-like segments X and Y, the sequences
were subjected to search for homology with about
2600 known sequences compiled in our database.
An unexpected homology has been detected be-
tween the sequence of X and that encoded by the
second exon of atrial natriuretic factor (ANF)
precursor, known to play an important role in
regulating blood pressure as well as extracellular
fluid volume [10-14]. The alignment is shown in
fig.3. The sequence similarity is statistically signifi-
cant with the probabilities of occurrence by chance
of 1.1x107°, 1.9x 107* and 4.8 x 10~° for com-
parisons of the EGF precursor with human, mouse
and rat ANF precursors, respectively. Similar but
weak homology was also observed, when com-
pared with the Y segment. Interestingly the intron
positions of the ANF precursor approximately cor-
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Fig.3. Alignment of the amino acid sequence of EGF precursor with those of human, mouse and rat ANF precursors.

Boxed residues indicate identities or favoured amino acid

Gaps (—) were inserted to increase sequence similarity.

substitutions between EGF-precursor and ANF-precursors [9].
Amino acid positions of the aligned regions were shown in

parentheses, X2-4, non-EGF-like repeats. Cleavage products of ANF precursor are also shown below the rat sequence.
Vertical arrows indicate intron positions in ANF precursor.

respond to the boundaries of the non-EGF-like
repeats. Furthermore, cleavage points for generat-
ing atriopeptin, o-ANP and ANF-H1 {14-16] from
the ANF precursor are located near the boundaries
of the repeats (fig.3). These results suggest some
functional and evolutionary implications of the
EGF precursor. First, the non-EGF-like repeats
may involve activities related to those of peptides
that are derived from the ANF precursor. Second,
introns may exist near the boundaries of repeats of
the X and Y regions. Third, the two precursor
genes share a common evolutionary origin.

The EGF precursor shows a strong homology
with the LDL receptor in the region that involves
the whole Y segment and the EGF-like segments of
unit I in part and a weak homology in the X seg-
ment. This homology pattern suggests that the
homologous portion of the LDL receptor was
derived from an ancestral EGF precursor which
already had two large duplicated units. On the
other hand, the ANF precursor shares significant
homology with the X segment, but only weakly
with the Y segment. This result, together with
evidence that no obvious repeated structure was
detected, suggests that the second exon of ANF
precursor originated from the non-EGF-like
repeats, followed by accumulation of many muta-

tional changes which resulted in the disappearance
of repeated structure.
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