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[57] ABSTRACT

Natural numbers are assigned to represent DNA and mRNA
nucleotide bases (n-numbers 0, 1, 2, 3), base pairing num-
bers in RNA (p-numbers 0, 1, 2, 3), and amino acids in
protein (z-numbers with seventeen prime numbers and odd
numbers 1, 25, 45; all smaller than 64). These numbers
reflect intrinsic properties of the nucleotide bases, their
triplet-base codon combinatorics and chemical bonding
properties (hydrogen bonds, hydrophobicity, codon
positions, and molecular sizes). Gene and protein sequences
may be represented, characterized and interpreted by their
specific n-sums and z-sums. Base dimers/oligomers and
dipeptides/oligopeptides are found to correspond to their
sums, as verified by using statistical and other methods.
Utility rules are devised for applications in base dimers
distribution, RNA base pairing, oligomer repeats and the
encoded oligopeptide repeats. Conserved base pairs in four
stems of a given mitochondrial tRNA correlate well with the
z-number in the encoded hydrophobic amino acid. Con-
served protein segments are mostly prime peptides
(oligopeptides with prime number z-sums) except those with
strict repeats (collagen Gly-3 repeats, leucine zipper Leu-7
repeats, etc.). This representational scheme is also capable of
inferring protein folding and cross linking. Sequence alpha-
bets (nucleotide bases and amino acids) in existing and
future data banks can be converted to such numbers to
facilitate computation and characterization.

14 Claims, 8 Drawing Sheets
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GENE AND PROTEIN REPRESENTATION,
CHARACTERIZATION AND
INTERPRETATION PROCESS

CROSS REFERENCE TO RELATED
APPLICATION

The present application is a continuation-in-part of U.S.
application Ser. No. 08/074,180 filed Jun. 9, 1993, now
abandoned which in turn is a continuation of U.S. patent
application Ser. No. 08/054,455 filed Apr. 28, 1993, now
abandoned which in turn is a continuation-in-part of U.S.
patent application Ser. No. 07/850,754 filed on Mar. 13,
1992 now abandoned.

TECHNICAL FIELD

The present invention is directed to coding schema and
the like and more particularly to numeric coding methods for
gene and protein sequence representation, characterization
and interpretation.

BACKGROUND OF THE INVENTION

In 1967, Woese classified methods of interpreting the
genetic (or amino acid) code in mechanistic and stochastic
models. In his mechanistic model Woese attempted a
molecular geometrical fit between codons and their coded
amino acids. One of the first attempts at such a code was the
“diamond” code proposed by Gamow in 1954. As recently
as 1981, when the actions of tRNA and rRNA in the
synthesis of protein were already well-known, the geometri-
cal method still attracted attention, as typified by the work
of Hendry et al. (1981) who drew a structural analogy
between codons and amino acids. However, the lack of any
direct contact between DNA or mRNA with protein mol-
ecules rendered “lock and key” models impotent as predic-
tors of coding mechanisms.

Gamow’s attempt is an admirable one, because, although
his “diamond” geometry was discredited by later
observation, he did offer a combinatorial schema motivated
by the few numbers available at that time, i.e., four nucle-
otide bases, 64 triplet-base codons with only 20 amino acids.
Unfortunately his combinatorics and geometry could not be
separated from each other, and the combinatorial part suf-
fered the same fate as his proposed geometric model.

DISCLOSURE OF THE INVENTION

The coding scheme herein described assigns discrete
numbers to nucleotide bases, codons and amino acids. In a
strictly combinatorial way, molecular factors such as mecha-
nism and geometry are incorporated into such numbers,
which are implicitly included in the information on upstream
base properties and downstream protein. Combinatorial
specificity allows for the translation of coding properties
into the properties of numbers, and vice versa.

In living cells, genetic information is passed from DNA to
messenger RNA (“transcription”) which in turn provides the
information for the synthesis of protein (“translation”). The
information is inscribed in the nucleotide bases—A, C, T, G
in DNA and A, C, U, G in RNA. Genes are long stretches of
DNA bases that are stored in a double-helix form. Proteins
are polymers of amino acids. There are 20 naturally occur-
ring amino acids encoded by DNA and mRNA. The trans-
lation of four nucleotide bases A, C, T(U), G to twenty
amino acids is made through the genetic code (or the amino
acid code, Table 1).
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TABLE 1

The Genetic Code

AAA: Lys AAC: Asn AAU: Asn AAG: Lys
ACA: Thr ACC: Thr ACU: Thr ACG: Thr
AUA: Ile AUC: Ile AUU: Ile AUG: Met
(Met)
AGA: Arg AGC: Ser AGU: Ser AGG: Arg
(Stop) (Stop)
CAA: Gln CAC: His CAU: His CAG: Gln
CCA: Pro CCC: Pro CCU: Pro CCG: Pro
CUA: Leu CUC: Leu CUU: Leu CUG: Leu
CGA: Arg CGC: Arg CGU: Arg CGG: Arg
UAA: Stop UAC: Tyr UAU: Tyr UAG: Stop
UCA: Ser UCC: Ser UCU: Ser UCG: Ser
UUA: Leu UUC: Phe UUU: Phe UUG: Leu
UGA: Stop UGC: Cys UGU: Cys UGG: Trp
(Tip) —
GAA: Glu GAC: Asp GAU: Asp GAG: Glu
GCA: Ala GCC: Ala GCU: Ala GCG: Ala
GUA: Val GUC: Val GUU: Val GUG: Val
GGA: Gly GGC: Gly GGU: Gly GGG: Gly

Shown in Table 1 are two major versions of the genetic
code, the universal code and the mitochondrial code
(variances from the universal code shown in parentheses).

Underlined amino acids are those having non-prime
“amino acid numbers” (see below). Bolded are the eight
quartets of nucleic acids for which the first two codons
determine the identity of the amino acid (see below.)

The present invention discloses a novel numerical method
adapted to analyze the sequence language of nucleic acid
and protein. This method involves the translation of nucle-
otide bases into quaternary number units (“n-numbers”—0,
1,2, 3) and amino acids into a unique set of natural numbers
(“z-numbers”—seventeen prime numbers and three odd
numbers smaller than 64). The assignment of both n- and
z-numbers is specific to each nucleotide base and each
amino acid residue. Specifically, they are summarized as
follows:

TABLE 2

n-numbers and z-numbers

n-numbers: A=0,C=1,T{U)=2,G=3
z-numbers: Stop codon = 0

Trp(W) = 1, Tle() = 2, Met(M) = 3, Thr(T) = 5

Lys(K) = 7, Asn(N) = 11, Pro(P) = 13, Leu(L) = 17
Gln(Q) = 19, Ser(S) = 29, Asp(D) = 31, Arg(R) = 37
Val(V) = 41, Tyr(Y) = 43, His() = 47,  Ala(A) = 53
Glu(E) = 59, Gly(G) = 61, Phe(F) = 25 Cys(C) = 45

In Table 2, the amino acids are written in both three-letter
and single-letter notations. The non-prime (underlined)
z-numbers are assigned to amino acids Trp, Phe and Cys that
probably evolved last among the twenty.

The present invention discloses a method based on the
properties of the z-numbers which are analogous to the
coding properties in a subtle and elegant way: Let 1, j, k,
denote the n-numbers of the first, second, and third codon
bases, then z<64 can be expressed as a function of i, j and
k; that is, z=f(i, j, k). These Diophantine equations allow
only positive integral (natural number) solutions.

The conventional method in analyzing biomolecular
sequences and structure emphasizes molecular geometry as
introduced by Pauling and Corey (U.S. Pat. No. 3,510,961).
The Pauling-Corey model is built from small molecules and
extended to macromolecules. Model building can also be



5,856,928

3

demonstrated with computer graphics. Unfortunately, bio-
molecular sequences involve huge numbers of possible
combinations of nucleic acid or amino acid residues. The
computation of their coordinates, interatomic distances and
energies of interaction present a formidable task even for
supercomputers. Furthermore, the geometrical computation
is mainly concerned with secondary or tertiary structures.
The Pauling-Corey model fails to explain the primary struc-
ture (or sequence), “connectivity” or “strategy” of growth of
these biopolymers. Thus, a new approach is necessary.

Molecular sequences are also studied by comparing with
some abstract forms of human senses, for example, language
and music. While these methods help to demonstrate the
analogies qualitatively, they do not lend themselves to
detailed analysis and manipulation.

In contrast to the visual or auditory form of senses (or
levels of abstraction), natural numbers offer an abstraction of
“pure thought”. Senses and thought are the input and output
of the cognitive process. In a theoretical article, Heschl
claimed that L (Life)=C (Cognition). The study on the
properties of natural numbers is called “number theory™
which is also the purest form of “pure mathematics”. Con-
ventional mathematics using continuous numbers has been
replaced with discrete mathematics in quantum theory. Con-
tinuous mathematics is unfit for biomolecular property
sequence description since all basic number properties (odd/
even, prime/composite) are lost in continuous numbers.

OBJECTS OF THE INVENTION

Therefore, it is a principal object of the present invention
to provide a numeric coding method to represent, manipu-
late and analyze gene and protein sequences.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequencing
which is useful in characterizing the relationship between
nucleic acid bases and amino acids as well as DNA and
protein sequences.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequence
representation which provides a unique intrinsic represen-
tation of nucleic bases and amino acids.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides a process for cross-comparison of the coding
properties of the non-overlapping triplet-base codons pre-
scribed by the genetic and the amino acid codes.

Another object of the present invention is to provide a
numeric coding method for protein sequences which pro-
vides means for characterizing oligopeptides.

Another object of the present invention is to provide a
numeric coding method for gene sequences which provides
base dimer frequency data characteristics.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for determining the secondary struc-
ture of RNA.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for identifying non-coding hexamer
repeats (telomeres) which are known to cap chromosome
ends.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for determining the amino acid heads
of conserved prime oligopeptides, fixed length Gly-3 trip-
eptides (collagen), and Leu-7 heptapeptides.
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Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for determining the order of conser-
vativeness and the probability of DNA oligomers and prime
peptides.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for evaluating abundant prime pep-
tides in proteins.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for determining mutational hot spots
in genes and proteins potentially causing genetic diseases.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for effective design of peptide and
protein drugs.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for determining sequence specificity,
compatibility and connectivity in genes and proteins.

Another object of the present invention is to provide a
numeric coding method for gene and protein sequences
which provides means for detection, alignment and com-
parison of homologous protein sequences.

Finally, another object of the present invention is to
provide a numeric coding method for gene and protein
sequences which provides information regarding codon
usage in the hextet-coded amino acids. These and other
objects will be apparent to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphical representation of the number of
primes in the range of 10n and 10(n+1) wherein said
numbers equal P(n);

FIG. 2 is a diagrammatic representation of protein folding
in bovine pancreatic trypsin inhibitor;

FIG. 3A and 3B are sequence listings of the collagen o 1(I)
chain (human). This sequence data is taken from Bernard et
al. (1983) and Tromp et al. (1988); mutation data from
Kuivaniemi et al. (1991). (Capital letters head prime trip-
eptides; *=bond cleavable by mammalian collagenase; 000=
deletion of three bases; and underlined are tripeptide runs.
See text for other symbols;

FIG. 4 are sequence listings of tropomyosin data taken
from McLachlan et al. (1975). Capital letters denote prime
heptamers, hexamers, pentamers, tetramers, etc., summing
z-numbers from the first residue in each heptad, for example,
in I(B), MQMLKLD is a prime heptamer; in I(B) KKAAEdr
has a prime pentamer; and in I(C), Kenaldr, only the first
residue is a prime, the heptamer is nonprime;

FIGS. 5A and 5B are sequence listing of twelve mem-
brane spanning segments of five glucose transport proteins,
data taken from Henderson (1990). Alignment is made with
Ile and Met as first residues in heptads and maximum chance
for prime peptides (shown in capital letters). * denotes
complete alignment; and

FIG. 6 is a sequence listing of the continuous Heptad Scan
of prion proteins (PrP). Sequence data taken from Gabriel et
al. (1992). First line: Hamster PrP, 254 residues, 36 heptads,
19 primes. Inside parentheses are the z-numbers of the
heptads, they are marked with a prime sign (') to denote
primes.

SUMMARY OF THE INVENTION

The present invention teaches a novel process for repre-
senting and evaluating protein and gene sequences. The





































































