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The apioid peplide precursors, preprodynorphin and preproenkephalin shew strueture similarity with  trnseripion fuctor, hunehback und the

putative helix-loop-helix DNA-binding proteins, i1, raland nwisi. Segments with similarity contain the three enkephalin sequences in preprodynors

phin and one in preproenkephalin which are present within heptapeptide repeats characteristic of un z-helical cailed-coil strueture distinetive of

un umphipathic helix-loop-helix DNA-binding mouf. Hunchback und the opioid prehormones also huve ¢ystein-rich regions ¢haracteristie of zine-
finger domains in common.

Opivid precursor; DNA-binding pratein: Sequence homology

1. INTRODUCTION

Like other regulatory peptides, the opioid peptides
which include enkephalins, endorphins and dynorphins
are synthesized as high molecular weight. precursors
containing the bioactive peptides and ‘spacer' segments
[1-3]. We show here that amino acid and nuclcotide se-
gquences of preprodynorphin, preproenkephalin and
several eukaryotic transcription factors display striking
similarity. The similarities cover the enkephalin se-
quences and structural motifs which have been propos-
ed for DNA-binding domains of transcription factors,
the helix-loop-helix and zinc-finger {4—6].

2. RESULTS AND DISCUSSION

A comparison of the opioid precursors and transcrip-
tion factors reveals sequence similarity between some
segments of these proteins. Fig. 1 shows an alignment
of the amino acid (A, C) and nucleotide (B, D) se-
quences of bovine preproenkephalin (A, B) and human
preprodynorphin (C, D) segments with segments of the
helix-loop-helix DNA-binding proteins Iy/-1 [7], tal [8],
twist [9], and the transcription factor hunchback [10].
The' preproenkephalin (70~103) segment is similar to
Iyl-1 (159-191) and to a lesser extent to e/ (54-86) or
twist. (397-415) (Fig. 1A, B), while * human
preprodynorphin (175-231) and (502-600) are related
to hunchback (92-148) and (5032-5130), respectively
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(Fig. 1C, D). The observed relationship was found to
be statistically significant (sce legend Fig. 1). It should
be pointed out that the segments of opioid peptide
precursors showing similarity to DNA-binding proteins
include three enkephalin sequences in preprodynorphin
and one in preproenkephalin. ‘

The opioid peptide precursors have characteristic
heptapeptide repeats including all enkephalin sequences
with alternating hydrophobic and hydrophilic. amino
acid residues (Fig. 2). If the.amino acid residues in hep-
tapeptide repeats are designated a, b, ¢, d, e, f and g,
the residues a and d are hydrophobic and the residues
b, ¢, e, fand g are predominantly hydrophilic. It is well
known that a link of heptapeptide repeats is a distinc-
tive feature of an a-helical coiled coil structure [18] in
which the helices interact through their. hydrophobic
surfaces formed by a and d residues on one side of the
helix. The characteristic heptapeptide pattern has been
observed in the potential amphipathic helix-lcop-helix
DNA-binding motif of several proteins involved in the
control of cellular proliferation and differentiation
[5,7,8]. It has been suggested that the helix-loop-helix
motif -is crucial for both the dimerization: of am-
phipathic helices and their binding to DNA. It should
be mentioned that DNA-binding protein segments with
similarity to preproenkephalin (region of helix II of
Iyl-1, tal, and twist [5,7-9]) and preprodynorphin
(hunchback segment) are present within characteristic
heptapeptide repeats (£ < 0.03).

Further examination of preproenkephalin and
preprodynorphin sequences reveals the presence of
cysteine-rich regions in the N-terminus with amino acid
sequences: Cys-X;-Cys-X;3-Cys-X14-Cys-X3-Cys and
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A, Proank. 70-103 QLTKLELPPDATSALSKQEESHLLAKKYGGFMKR
I (L RSN
1yt=1 159-191 ELRKLLPTHPPDRKLSKN~-EVLRLAMKYIGFLVR
bl R Mot
ral 54-86 ELRKLIPTHPPDKKLSKN-EILRLAMKYINFLAK
|11 b
twist 397-415% LESKI-QTLRLATRYIDFLCR
B. Proenk. 209-259 AGCTGACCAAACTAGAACTTCCT?CAGATGCCACCAGTGCCCTCAGC?AAC
PERVLE S T 4 | | e LT
Lyl-1 734-7814 AGCTGAGGAAGCTGCTGCCGACGCACCCGCCCGACCCCAAGCTGAGCAAGA
Proenk. 260~309 AGGAGGAGAGCCACCTGCTTGCTAAGARGTACGGGGGCTTCATGAAGCGG
o b Lot bttt PELEEr b 1l
lyl=] 785-831 ACGAGGTGCTCCGC-~~CTAGCCATGARGTACATCGGCTTCCTGGTGLGG
C. Prodyn. 175-231 YGGFLRKYPKRSSEVAGEGDGDSMGHEDLYKRYGGFLRRIRPKLKWDNQKRYGGFLR
| | [ AR ! SR
hu ck 92~148 YDANLQQQLLQQQQYQQHFQAAQQQHHHHHHLMGGFNP LTPPGLPNPMQHEY GGNLR
D. Prodyn, 502-551 CATGAGGACCTGTACAAACGCTATGCGGGGCTTCTTGCGGCGCATTCGTCC

PP il ey TN ot
hunchback 5032-5081 ' CATCATCACCATCACCATCTGATGGGTGGATTCAATCCGCTGACGCCACC
552-600 CAAGCTCAAGTGGGACAACCAGARGCGCTATGGCGGTTTTCTCCGGCGE

o | Lt NEERNEEN HISEENE
hunchback 5082-5130 TGGTCTGCCCAATCCCATGCAGCACTTCTATGGCGGCAATCTGCGACCC

Fig. 1. Sequence similarities between opioid peptide precursors and DNA-binding proteing. A segment of bovine preproenkephalin [1] is compared
with segments of Iy/-1, tal and rwist (A, B) and human preprodynorphin (2] with Ainchback (C, D) at the amino acid or nucleotide level,
respectively. The enkephalin sequences are indicated by solid lings. The alignment was found using the Needleman-Wunsch algorithm {1 1]. Note
that all possible preproenkephalin (70-103) segment alignments along the /y/-1 protein, and all possible /yl-7 (159-191) segment alignments along
preproenkephalin, preprodynorphin (175-231) segment alignments along hunchback protein, as well as hunchback (92-148) segment alignments
along preprodynorphin were tested. All four pairwise comparisons of proteins gave only one alignment with significant similarity (depicted in
Fig. 1). The probability score was computed taking into account the number of identical pairs and the number of gaps (with the gup penalty ~3
for the amino acid (for example see {12]) and —5 for the nucleotide sequence (for example see [13)). For comparison 1000 random sequences were
generated by computer and z-values [z = (obsefved score = mean of shuffled scores)/standard deviation of shuffled scores) were calculated, The
z-values were for preproenkephalin/lyl-7 amino acid and nucleotide sequences —5.27 and 7.62, respectively; for preprodynorphin/huenchback
~8.75 and 7.39. According to Doolittle [12) who employed a value of z > 3:as the cut-off for significance (z measure based solely on aligned
identities), the observed z-values can be expected to represent authentic relationships. Assuming random z '-values (2! = In{1 + 2 = Zyin), where
Zmio 18 the smallest z among all shuffled scores) to be normally distributed {14], the significance (P) of differences between the expected and
observed 2z was evaluated by Student's t-test; for preproenkephalin/ipl-1, P < 0,001 (amino acid sequences) and £ < 0.00002 (nucleotide
sequences); ‘for preprodynorphin/hunchback, P.< 0.00002 (amino acid sequences) and P < 0.00005 (nucleotide sequences) were recorded.
Examination of the highest scores of the 1000 shuffled sequences.showed that no random score approached the observed score.in any of the 4
cases, According to Pearson and Lipman [15] it is unlikely that the observed similarity became significant only by chance. A quantitative estimate
of a one-side confidence limit for a binomial distribution [16) which is independent of the z-distribution, it might be affirmed with a significance
level of 0.99 that the probability of the observed z-values (viz. 5.27, 7.62, 7.39 and 8,75) is fairly small (P < 0.005). It was evaluated by formula
and values of one-sided confidence limit for a binomially distributed population [16} and is independent of the z-distribution form,

Prodyn.

Cys-X3-Cys-X2-Cys-X5-Cys-X3-Cys, respectively. The
cysteines of these regions are perfectly conserved in
opioid peptide precursors of different species [2]. It is
noteworthy that the cysteine-rich regions of the precur-
sors perfectly match ‘a test filter (Cys-X3.4-Cys-
X2-15-Cys-Xs._4-Cys) that was devised to locate poten-
tial metal-binding sites and to identify possible zinc-
finger domains in proteins [19). Cysteine-rich regions
of proteins, particularly zine-finger domains, are struc-
tural motifs proposed for binding to DNA and RNA
4,6,20,21].

Besides 'a DNA-binding domain, eukaryotic
transcription factors contain a transcription activation

176

region that is generally located in a separate part of the
protein. The transcription activation functions are con-
tained in short (30~100 residues) acidic fragments with
minimum amino acid sequence similarity [4,6). These
fragments may adopt amphipathic a-helices with one
face containing negatively charged residues and the
other hydrophobic residues. Inspection of opioid pep-
tide precursors reveals a 38-amino acid domain- in
preproenkephalin (preproenkephalin  140~177) con-
taining 32% Glu and/or Asp and a 29-amino acid do-
main in preprodynorphin (preprodynorphin 139-167)
containing 31% Glu and/or Asp. The acidic and
hydrophobic amino acids in these domains are arrang-
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A
(p < 0,0001;

p' < 0,001) 12h

(p < 0.001)

Fig. 2. Heptapeptide repeats in enkephalin containing fragments of
preproenkephalin (A} and preprodynorphin (B). The amino acid
sequence of bovine preproenkephalin (91101, 102-113, 127-142,
176-191, 200~215, 220-235, 252-263 amino acid residues) and
human preprodynorphin (171-182, 203-215, 222-233) fragments is
displayed on a helical wheel, The face with hydrophobic amino acids
is bracketed, The significance of differences (P, P') between the
expected and observed frequencies of hydrophobic (Tyr, Phe, Leu,
Trp, Met, Val, Ilc) and hydrophilic amino acid residues at (a and d)
and (b, ¢, ¢, f and g) positions was evaluated with the x 3-test (r = 1;
[17)) (P'-enkephalin sequences: with adjacent basic residues were
excluded from enkephalin fragments). A Tyr residue was placed at
position a (preproenkephalin. fragments) or d: (preprodynorphin
fragments) ~ of .the heptapeptide repeat. Abbreviations: ho,
hydrophobic and hi, hydrophilic residues. Numbers ‘indicate the
number of residues at a position.

ed in such a way that they can form an amphipathic a-
helix in which negative charges are predominantly
localized along one surface’ of the helix while
hydrophobic residues are localized along the other.
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The amino acid and nucleotide sequence similarity of
the oploid precursors with /y/-I and related proteins
and hunchback, as well as the presence of heptapeptide
repeats, zine-finger-ike segments and acidic regions in
preproenkephalin and preprodynorphin point to a
common evolutionary origin of these groups of
proteing,
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