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Here, we first report that a specific protein–DNA (RNA) in-
teraction between p53 protein and divergent I kappa B kinase
interacting protein (IKIP)-Apaf1 DNA promoter region, and be-
tween poliovirus 3CD protein and the 5�� terminal region of the
RNA sequence can be successfully elucidated with a sequence
Fourier analysis, alike various specific protein–protein interac-
tions described previously. Based on these, the intermolecular
frequency symmetry would be evolutionarily conserved in a spe-
cific interaction of the bioactive structure of various long-chain
sequences. In addition, the symmetry is fairly sensitive to a sub-
stitution (or a point mutation) on the sequence.

Key words symmetry; Fourier analysis; transcription; p53; replication;
poliovirus

In the previous study,2—5) we could effectively elucidate
various specific protein–protein interactions6) from both the
naturally occurring amino acid (aa) sequence and the corre-
sponding RNA (na) one using the sequence Fourier analysis
(SFA), on which one of three kinds scales, that is, the Mul-
liken’s absolute electronegativity (M) scale,4,5) the Lacey’s
relative hydropathy (H) scale2,3) and the Garel’s relative hy-
dropathy (G) scale7—9) (Table 1), was assigned as a parame-
terization. Both the calculation process5) and the criteria4) to
elucidate the specific interaction had been already reported.
In addition, the intermolecular frequency symmetry (IFS; see
ref. 9) was indicated to be fairly sensitive to a substitution on
the aa sequence.10—12)

Meanwhile, as a first trial we investigated a specific inter-
action between wild type p53 protein, a transcription factor,
and the divergent IKIP-Apaf1 promoter DNA sequence.13—15)

Because the p53 had been already reported to act down-
stream of the mitogen-activated protein (MAP) cascade,17,18)

similar to ELK1 reported previously.2) To elucidate its spe-
cific interaction, three kinds19) of frame-shifted virtual aa se-
quence (170aa in length), as a group based on the genetic
code, are separately translated from the double-strand DNA
sequence under the condition of a definite window [i.e., 510
base pair (bp) in length].20) Of numerously virtual aa se-
quences, at least two kinds of p53-binding regions (i.e., I and
II) could be finally found on the divergent promoter se-
quence. One region I is a virtual aa sequence (170aa), trans-
lated from 91147 (5� terminus) to 91656 (3� terminus).19)

Under the condition of the H scale only (but neither the M
nor the G one), one resonant peak (see ref. 9) (f�0.2207) of
the desired cross-spectrum5) (Fig. 1a) derived from a virtual
aa of the region I could be overlapped with one resonant
peak (f1�0.2227) of two characteristic ones (see ref. 9)
(f1�0.2227, f2�0.2856) of the desired cross-spectrum (Fig.

Chem. Pharm. Bull. 57(11) 1305—1307 (2009)

© 2009 Pharmaceutical Society of Japan∗ To whom correspondence should be addressed. e-mail: kamimoto@kanagawa-iri.go.jp

Table 1. Various Scales for Nucleic Acids (na) and Amino Acids (aa)

na 1) 2) 3)

u 2.9506 0.69 0.3
c 2.9487 0.62 0.35
a 2.929 0.26 1.1
g 2.9481 0.44 0.53
t 2.9461 — 0.94

aa 1) 2) 3)

L 2.9396 3.29 16.71
I 2.9396 3.64 16.36
N 2.9845 16.14 3.86
G 3.059 14.79 5.21
V 2.9426 7.5 12.5
E 2.9738 14.64 5.36
P 2.9297 7.57 12.43
H 2.9223 12.79 7.21
K 2.9571 16.21 3.79
A 2.962 12.07 7.93
Y 2.8883 4.57 15.43
W 2.8663 2.57 17.43
Q 2.9695 14.36 5.64
M 2.9161 6.57 13.43
S 3.0126 14.93 5.07
C 2.8998 8.29 11.71
T 2.9815 13.64 6.36
F 2.865 2.64 17.36
R 2.9719 15.93 4.07
D 2.9927 16.29 3.71

1) M scale; Mulliken’s absolute electronegativity scale. 2) H scale; Lacey’s relative
hydropathy scale. 3) G scale; Garel’s relative hdropathy na scale and the Lacey’s re-
versed aa one.

Fig. 1a. The Desired Cross-Spectrum of a Virtual Amino Acid Sequence,
Tentatively Translated from the Region I (91147 to 91656) on the Same as
the Apaf1 Promoter DNA Sequence, under the H Scale

The abscissa represents frequencies from 0.0000 to 0.5000 and the ordinate relative
intensities (amplitudes) in the spectrum throughout all the figure captions in this com-
munication. The number indicated in the figure is the resonant frequency value.

Fig. 1b. The Desired Cross-Spectrum of a Virtual Amino Acid Sequence,
Tentatively Translated from the Region II (91439 to 90984) on the Opposite
Strand to the Apaf1 Promoter DNA One, under the H Scale

See also the caption of Fig. 1a.



2) from the wild type p53 (393aa).9) In this, note that other
higher peaks than the resonant (characteristic) peak(s) can be
eliminated with the criteria.4) Such the operation was per-
formed in all other samples shown in this study. The other
p53-binding region (II) is derived from 91493 (5� terminus)
to 90984 (3� terminus) (note the numbering direction) on the
opposite DNA strand.19) One resonant peak (f�0.2148) (Fig.
1b) of the region II could be overlapped with one resonant
peak (f1�0.2227) (Fig. 2) of two characteristic ones
(f1�0.2227, f2�0.2856) of the p53 under the H scale only.
Interestingly, no specific interaction between the mutant
p53V173L, as a typical sample,13) and any virtual aa sequence
described above could be observed.

Taking this with two other results,20) next we had a great
interest in investigating a difference in the relationship be-
tween of 5� cloverleaf RNA sequence (virulent type)21) and
of the mutant (a480g) one (attenuated type)22) of poliovirus 1
genomic RNA (Picornaviridae) to the binding poliovirus
protein 3CD (644aa; Picornaviridae).23—25) The viral RNA
sequence is composed of a single-strand positive-polarity and
7441-base in length. The 3CD is directly involved in the po-
liovirus replication. As a result, it could be elucidated with
the M scale only that one resonant peak (f2�0.3262) of two
characteristic ones (f1�0.1582, f2�0.3262) (Fig. 3) derived
from the 5� (but not the 3�) virtual amino acid (170aa) se-
quence, translated from 53 to 562 (region III)19) (NC002058),
could be overlapped with one resonant peak (f�0.3291) (Fig.
4) from the desired cross-spectrum derived from the 3CD.
Otherwise, no specific interaction between the mutant
(a480g) sequence, examined as a typical sample of a single
nucleotide polymorphism (SNP) model, and the 3CD could
be observed with any scale.

Although test samples exemplified here may not be suffi-
cient to discuss the generality, the IFS is conserved as a nec-
essary condition26) in a specific protein–DNA (RNA) interac-

tion, alike a specific protein–protein interaction. Thus, it in-
dicates us the existence of something like a Noether’s theo-
rem27) in life science, that is, there is a conservation rule
when the symmetry can be found (vice versa). In addition,
the H scale and the M one are used as a parameter in the 
initial interaction of transcription and replication process, 
respectively. A palindrome sequence (or complementary
unit)28) on/near the 5� (or 3�) termini of the DNA (RNA) se-
quence (ex. region I, II, III, etc.) seems to play a role in the
process.
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