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We found a new method that a specific interaction between
prion, i.e., high-molecular compound, and Cp-60, i.e., low-mo-
lecular one, could be successfully elucidated with intermolecu-
lar frequency symmetry (IFS). To accomplish this, the former
sequence is analyzed with a sequence Fourier analysis used av-
erage nuclear (N) resonant frequency scale as a fourth one, and
the latter structure with a 13C-NMR software. Further, such the
symmetry could be observed in a specific interaction between a
segment of human immunodeficiency virus (HIV)gag and PA-
457 or between 1918 neuraminidase and peramivir. Therefore,
the IFS rule seems to be evolutionarily conserved as a necessary
condition even in a specific protein-organic compound interac-
tion.
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We had already reported a method that a specific
protein–protein (or DNA, RNA) interaction can be success-
fully elucidated from both amino acid (aa) sequence and the
corresponding RNA (na) one with a sequence Fourier analy-
sis,1—5) on which some of the Mulliken’s absolute electroneg-
ativity (M) scale (row 1a in Table 1),4,5) the Lacey’s relative
hydropathy (H) one (row 2 in Table 1)1,3) or the Garel’s (G)
one (row 3 in Table1),1) is assigned as a parameterization.
Both the calculation process5) and the criteria (including two
kinds of symmetry operation)1,4) had been already reported.
Of other scales, further average nuclear (N) resonant fre-
quency scale, divided into four kinds (N1, N2, N3 and N4) of
types,6) could be found as a fourth scale,7—10) which are simi-
lar (but not the same) to the M scale more than the H or the
G scale (see Table 1). Here, note that 42.57, 10.70, 4.31,
5.77, and 3.27 MHz (T�1), which are the NMR frequency
value of 1H, 13C, 15N, 17O and 33S respectively,11) are used to
calculate the N scale by Sanderson’s equation.5)

In the N1—4 scale context, first it was noticed that a specific
interaction between wild type mature prion protein
(231aa),12) as a biologically active structure, and Cp-60 (Fig.
1)12,13) might be successfully elucidated under the condition
of almost the same criteria as described above. To accom-
plish this, the desired cross-spectrum (Fig. 2) of the prion is
constructed from both the protein (231aa) and the mRNA

(693na) sequence using the N2 scale only6) as a parameteriza-
tion. In the Cp-60, the 13C-NMR spectrum was predicted by
using a commercially available software.14) The chemical
shift (d) value predicted is arranged in reference and
note,15,16) including that of PA-45715,17) or peramivir15,18) (vide
infra). At this point, 3 working hypotheses are tentatively en-
dowed on the analytical data of the Cp-60 to investigate a
specific interaction with the prion.

1) The Cp-60 is regarded as a virtual mixture (1 : 1) of D

and L isomer,19) which are corresponding to something
like a wild type sense and antisense aa sequence, re-
spectively (vice versa).

2) The d value of peak(s) expressed in the spectrum re-
gion from 220 to 0 ppm is converted to the frequency
(f) scale from 0.5 to 0, referred to Shannon’s sam-
pling theorem.20)
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Table 1. Various Scale for Amino Acid (aa) and Nucleic Acids (na)

na 1a) 1b)6) 1c)6) 2) 3)

u 2.9506 17.3 0.0578 0.69 0.30
c 2.9487 19.3 0.0518 0.62 0.35
a 2.9290 17.5 0.0571 0.26 1.10
g 2.9481 16.7 0.0599 0.44 0.53
t 2.9461 17.4 0.0575 — 0.94

aa 1a) 1b) 1c) 2) 3)

L 2.9396 32.80 0.0305 3.29 16.71
I 2.9396 32.80 0.0305 3.64 16.36
N 2.9845 25.22 0.0397 16.14 3.86
G 3.0590 42.60 0.0235 14.79 5.21
V 2.9426 33.01 0.0303 7.50 12.5
E 2.9738 25.65 0.0390 14.64 5.36
P 2.9297 31.95 0.0313 7.57 12.43
H 2.9223 24.02 0.0417 12.79 7.21
K 2.9571 31.52 0.0317 16.21 3.79
A 2.9620 34.60 0.0289 12.07 7.93
Y 2.8883 25.24 0.0396 4.57 15.43
W 2.8663 24.51 0.0408 2.57 17.43
Q 2.9695 27.05 0.0370 14.36 5.64
M 2.9161 30.31 0.0330 6.57 13.43
S 3.0126 28.84 0.0347 14.93 5.07
C 2.8998 28.34 0.0353 8.29 11.71
T 2.9815 30.00 0.0333 13.64 6.36
F 2.8650 26.64 0.0375 2.64 17.36
R 2.9719 28.32 0.0353 15.93 4.07
D 2.9927 22.95 0.0436 16.29 3.71

1a): M scale; Mulliken’s absolute electronegativity scale. 1b): N scale; Average nu-
clear resonant frequency scale. 1c): 1/N scale; Inverse N scale. 2): H scale; Lacey’s rel-
ative hydropathy scale. 3): G scale; Garel’s relative hydropathy na scale and the Lacey’s
reversed aa one.

Fig. 1. The Chemical Structure of Cp-60



3) The number of peaks selected from the spectrum is
15, and that the confident limit (CL)14) value predicted
is more fixed than that of 16th one.

As a result, one resonant peak1) (f�0.2471) of the desired
cross-spectrum derived from the wild type prion (Fig. 2)
could be found to overlap with one (f�0.2380) of two char-
acteristic ones1) (f�0.2380, 0.2548)16) from the 13C-NMR
spectrum of the Cp-60 under the condition of the same crite-
ria.1,4) In addition, the same result was observed in the analog
A4,13) while no relationship between mouse prion protein
(232aa; Mus musculus) and the Cp-60 (or A4) was observed
with any scale. No specific interaction of the mutant prion
(M129V)21) with the compounds could be indicated with any
scale.

To confirm such the analytical method, next we investi-
gated a specific interaction between wild type human im-
munodeficiency virus (HIV)gag protein (512aa; Retroviri-
dae),22) and PA-457.23,24) Of various segments of the gag pro-
tein, it could be found with the N3 scale6) only that one reso-
nant peak (f�0.0879) of the desired cross-spectrum (Fig. 3)
derived from the HIVgag (364aa), composed of aa number
149 (N terminus) to 512 (C terminus)22) on the gag protein, is
overlapped with one (f�0.0843) of two characteristic ones
(f�0.0843, 0.4132)17) from the 13C-NMR spectrum of the
PA-457. No specific interaction between the former mutant
(A364V)24) and the PA-457 could be observed with any N
scale, as might have been expected.

Based on these12) and our previous study,25—27) finally 
we investigated a specific interaction between 1918 neu-
raminidase (1918 NA),28) that is, the variant 256F of pan-
demic influenza A virus [A/New York/1/18] (Orthomyxoviri-
dae), and a clinical neuraminidase inhibitor such as

zanamivir, oseltamivir carboxylate or peramivir29—31) to
know whether such the frequency symmetry can be observed
in their intermolecular interaction. Because all three drugs
are reported to be powerful inhibitors of influenza A virus.29)

As a result, it could be formally indicated with the N3 scale6)

only that one resonant peak (f�0.1240) of the desired cross-
spectrum derived from the mature 1918 NA (434aa; 256F)
(Fig. 4) could be overlapped with one (f�0.1244) of two
characteristic ones (f�0.1244, 0.3610)18) of the peramivir
only, while no specific interaction could be observed in
zanamivir with any scale. In the oseltamivir carboxylate, a
typical heterodimeric interaction could be indicated (data not
shown). The same analytical result was observed in another
variant 1918 NA (256L) isolated from A/Brevig Mission/18
(data not shown).32)

Although test samples exemplified here may not be suffi-
cient to discuss the generality, the intermolecular frequency
symmetry (IFS) rule is evolutionarily conserved as a neces-
sary condition even in a specific interaction between protein
and low-molecular compound, while the correlation of the f
value with the biological activity has to be determined.
Based on this, NMR chemical shift is an important factor to
elucidate a relationship between the genetic code and the
physicochemical properties of amino acid.33) A desired lead-
compound against disease due to a protein could be effec-
tively found from a user database. In addition, the rule is sen-
sitive to a substitution on the sequence or the chemical struc-
ture.
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See also the caption of Fig. 2.
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See also the caption of Fig. 2.
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