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Abstract

It is no doubt that the evolutionary process is affected
by chance, but the question is to what extent the
chance plays its role. The random analysis can throw
light on the underlying reasoning for the primary
structure of proteins. With the use of random
principles, we have explored three approaches to
analyse protein primary structure, i.e. the randomness
in the construction of amino-acid sequences, in the
follow-up amino acid, and in the distribution of amino
acid/amino acids. As the results, (i) we can evaluate
the impact of chance on the composition of amino-
acid sequences by comparing the measured
probability/frequency with the predicted probability/
frequency; (ii) we can evaluate the impact of chance
on the follow-up amino acid by comparing the Markov
transition probability with the predicted conditional
probability; and (iii) we can evaluate the effect of
chance on the distribution of amino acids by
comparing the real distribution probability with the
theoretical distribution probability. These approaches
can be used to quantitatively analyse the primary
structure of intra-protein as well as inter-proteins, thus
we can get more insights into the mechanisms of
protein construction, mutation, and evolutionary
process. Also, these approaches may have some
potential use for development of new drugs.

Introduction

The primary structure of proteins is the basis for higher
level structures and protein functions, thus the primary
structure always provides the basis for studying and
modelling of (i) the patterns of amino acid composition, (ii)
the patterns of natural and artificial mutations, (iii) the
similarity within a protein family, (iv) the similarity between
protein families, (v) the mechanism for construction of
higher level structures, (vi) the topological base for higher
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level structures, etc.

The patterns of amino-acid composition and mutations
are archived via experimental methods and annotation
(Barker et al., 2001). The most popular analysis of the
similarity within a protein family and between protein
families is archived via multiple sequence comparisons and
alignments using standard software, for example, BlastP
(Altschul et al., 1990). There are several other approaches
for the similarity analysis, such as fast Fourier transform
(Benson, 1990), the statistical approach (Karlin et al.,
1991), linguistic approaches (Popov et al., 1996; Searls,
1997), pattern graph (Jonassen, 1997) and so on.

With the advance in the experimental and theoretical
studies, we always get new insights from the primary
structure of proteins. For example, an intriguing
phenomenon is that the majority of amino acids cluster in
some regions rather than homogenously distribute along
the primary structure of a protein, although this could simply
be due to the nature selection. To our knowledge, there
are three possible factors that can affect the distribution of
amino acids in a protein, i.e. adaptation, chance and history.
The adaptation refers to the current selective benefit of
having a particular amino-acid configuration. The chance
can affect amino acid distributions by mutation and the
fixation of mutations, and is most easily seen to occur when
selective differences between different amino-acid
distributions are non-existent (neutral evolution). The effect
of history can be seen as the starting point for subsequent
adaptation.

The random analysis can throw light on the underlying
reasoning for the primary structure of proteins, not only
because pure chance is now considered to lie at the very
heart of nature (Everitt, 1999), but also because it can
provide quantitatively measures to compare the
composition and distribution of amino acids in a protein.
Therefore, it is no doubt that the evolutionary process is
affected by chance, but the question is to what extent the
chance plays its role. During the last several years we
applied three types of randomly probabilistic analyses on
the protein primary structure, here we briefly review these
methods, their meanings and potential uses.

Three types of randomness in protein primary
structure

“Random” and “randomness” have been defined as follows
(1) without a pattern: done, chosen, or occurring without a
specific pattern, plan, or connection; (2) lacking regularity:
with a pattern or in sizes that are not uniform or regular;
(3) statistics equally likely: relating or belonging to a set in
which all the members have the same probability of
occurrence; (4) statistics have definite probability: relating
to or involving variables that have undermined value but
definite probability (Encarta World English Dictionary, http:/
/dictionary.msn.com).
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Accordingly, it seems that the randomness has no
relationship with the primary structure of protein as the
protein has its aims and patterns which are the objectives
of numerous studies. However if we consider the protein
primary structure from statistical viewpoint, we have the
possibility of studying the randomness in the primary
structure of proteins, i.e. we can analyse the protein primary
structure using the random principle. Table 1 lists the amino-
acid composition in the proteins which we have previously
studied using our approaches. After carefully looking at
the protein sequences, it is natural to ask the following
questions:

1 Why a type of amino acid is adjacent to a certain type
of amino acid not to the others, for example, why alanine
(A) and glutamic acid (E) appear together, but alanine (A)
and arginine (R) do not appear together in human
glutathione reductase (Tutic et al., 1990). Can the
composition of amino-acid sequence be explained by the
random principle? If so, how many amino-acid sequences
can be explained by the random principle?

2 Why a type of amino acid is more likely to follow a
preceding amino acid, for example, why methionine (M)
follows threonine (T), but does not follow leucine (L) in
human monoamine oxidase type B (Grimsby et al., 1991).
3 Why a type of amino acids clusters in some regions
rather than homogenously distributes along the protein
sequence. For example, there are seven phenylalanines
(“F”s) in Citrobacter Freundii p-lactamase (Lindberg and
Normark, 1986), why these seven “F’s do not
homogenously distribute along Citrobacter Freundii -
lactamase.

Simple explanation of three types of randomness in
protein primary structure

*  The randomness in the adjacency of amino acid (the
construction of amino-acid sequences) can be simplified
as such a random experiment. For example, we know that
human tumour necrosis factor precursor is composed of
233 amino acids (Pennica et al., 1984), each type of amino
acid contributes differently to these 233 amino acids (Table
1). If these 233 amino acids were mixed together, we
randomly take two amino acids from these 233 amino acids,
then what a chance we can obtain “AN”. After taking the
first pair of “AN” out, what a chance we can obtain the
second pair of “AN” from 231 remaining amino acids. These
random processes can proceed until no amino acid
remains. Similarly what a chance we cannot obtain “AE”
from 233 amino acids, then from 231 amino acids and so
on. These random processes can also apply to three-
amino-acid, four-amino-acid and multi-amino-acid
sequences.

*  The randomness in amino-acid following a preceding
amino acid/amino acids (follow-up amino acid) is similar
to the random experiment, however the difference is that
we take two amino acids each time in the above experiment
for two-amino-acid sequence, while in this experiment we
fix the first amino acid “A”, for example, in human tumour
necrosis factor precursor, then randomly take another
amino acid to see what a chance the second amino acid is
“E”. As two-letter words in English language, how large is

Table 1 Amino-acid composition from different proteins

Total

Protein

453
374
349
522
519
409
233
529
454
386
390
382
381

22
36
22
44
40
36
16
17
31
16
20
17
25

15
4

8

13
23
10
7

23
15
1
12
10
15

33
22
22
32
35
27
10
19
16
22
24
19
21

55
23
20
34
20
37
20
51
33
38
35
42
25

53
20
28
28
29
13
15
33
32
44
38
39
22

15
15
12
16
14
14
10
31
15
11
13
13
9
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18
17
20
20
26
30
22
19
17
16
12

21

16
11
9
17
17
19
17
14
14

1
7
27

32
9

22
24
31
22
21
27
24
27
13

43
31
22
53
34
21
19
30
21
24
20
41
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the probability that the letter “e” appears given the first
letter “w”.

* The randomness in the distribution of amino acids
along a protein is similar to that if we divide the Citrobacter
Freundii p-lactamase into seven parts, each part would
contain how many “F”s, which is similar to that how many
letters we would expect to receive per day if we would
randomly receive seven letters per week, or we have seven
balls to throw randomly into seven holes.

In this review, an attempt has been made to give a
general view on the methods, which are far more related
to the probabilistic calculations and are not familiar with
the experimental scientists, used in our previous studies
and their implications.

Methods for the calculations

The calculations with respect to the first two examples are
relatively simple, while the calculation with respect to the
third example is somewhat difficult. First of all, it is
necessary to count the numbers of amino acid, two-, three-
and multi-amino-acid sequences along a protein sequence.
Then the possible and predicted probabilities and
frequencies are calculated for analysing of the construction
of amino-acid sequences; the predicted conditional
probability and Markov chain transition probability are
calculated for analysing of follow-up amino acid; and the
distribution probability and rank are calculated for analysing
of distributions of amino acids along a protein sequence.

Counting amino-acid sequences

The amino-acid sequences of proteins can be obtained
from public data bank, for example, the Swiss-Protein
(Bairoch and Apweiler, 1999).

Along a protein sequence, any two amino acids in order
can construct a two-amino-acid sequence, i.e. the first and
second; the second and third; etc. Furthermore, any three
amino acids in order can construct a three-amino-acid
sequence, i.e. the first, second and third; the second, third
and fourth; etc. The similar consideration can be deduced
for multi-amino-acid sequences. Thus the total numbers
of constructed amino-acid sequences can be counted. For
example, there are 207 amino acids in the human
membrane-bound form of DNA methyltransferase
(Hayakawa et al., 1990), totally there are 206 two-amino-
acid sequences, 205 three-amino-acid sequences, 204
four-amino-acid sequences and so on. Consequently, these
amino-acid sequences are grouped in order to know how
many times the same sequences repeat in the protein.

The reason for grouping amino acid and amino-acid
sequences is that a good signature pattern of a protein
must be as short as possible and many short sequences
(not more than four or five residues long conserved
sequence) are often diagnostics of certain finding properties
or active sites (PROSITE: a dictionary of protein sites and
patterns user manual, http://www.expasy.ch/prosite/). At
present, we know that a single amino-acid “word” is not
constructed by three amino acids as DNA by three codons,
but we do not know how many amino acids construct a
single amino-acid “word”. Also we do not know whether
there are “punctuation” and “space” in a protein sequence,
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so we do not know where an amino-acid “word” begins
and finishes and at this stage an amino-acid “word” can
begin and finish anywhere.

Calculating possible amino-acid sequences

In an ideally random situation, two amino acids in a two-
amino-acid sequence could be constructed from any one
of 20 amino acids, there would be 400 (202) possible
sequences (combinations). Naturally, any two-amino-acid
sequence in a protein should be one of 400 possible
sequences, and any two-amino-acid sequence which does
not appear in a protein also should be one of 400 possible
sequences. Similarly, if three amino acids in a three-amino-
acid sequence could be randomly constructed from any
one of 20 amino acids, there would be 8000 (20%) possible
sequences. Naturally, any three-amino-acid sequence in
a protein should be one of 8000 possible sequences, and
any three -amino-acid sequence which does not appear in
a protein also should be one of 8000 possible sequences.
The similar deduction can be applied to more-than-three-
amino-acid sequences, thus there are 160 000 (20%)
possible four-amino-acid sequences, 3 200 000 (20%)
possible five-amino-acid sequences and so on.

A caution should be given to the least number of amino
acids. For example, there are 7600 (202 x 19) and 144400
(202 x 192) possible three- and four-amino-acid sequences,
respectively, in human alcohol dehydrogenase a-chain,
which contains only two tryptophans (“W”s). In human
tumour necrosis factor, there are 7200 (202 x 18) and
129600 (202 x 182) possible three- and four-amino-acid
sequences, respectively, because there are only 2
methionines (“M”s) and 2 tryptophans (“W”s) in this protein.

Calculating predicted probability and frequency

There are 25 alanines (“A”s) and 7 arginines (“R”s) in the
human membrane-bound form of DNA methyltransferase.
For two-amino-acid sequences, the predicted probability
for “AA”, “AR”, “RR” and “RA” are 25/207 x 24/206, 25/207
X 7/206, 7/207 x 6/206 and 7/207 x 25/206. For three-
amino-acid sequences, the predicted probability for “AAA”
is 25/207 x 24/206 x 23/205.

The predicted frequency is the rounded integral value
of the production of predicted probability and total number
of amino-acid sequences, so the predicted frequency for
“AA” is 3 (25/207 x 24/206 x 206). Although the predicted
frequency is less accurate than the predicted probability,
however, the predicted frequency is easier to use for the
more-than-two-amino-acid sequences, in which the
predicted probability is extremely low.

Calculating presence and absence of amino-acid
sequences by random frequencies.

Again an example is the human membrane-bound form of
DNA methyliransferase. (i) There are 25 alanines (“A”s)
and 7 arginines (“R”s) in this enzyme, the frequency of a
random construction of “AR” would be expected to be 0.845
(25/207 x 7/206 x 206), i.e. the “AR” would be expected to
appear once, which is true in the real situation, so the
presence of “AR” is randomly predictable. (ii) There are 4
tryptophans (“W”s) in this enzyme, the frequency of a
random construction of “AW” would be expected to be 0.483
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(25/207 x 4/206 x 206), i.e. the “AW” would be expected to
be absent, but the “AW” appears twice in the real situation,
so the presence of “AW” is randomly unpredictable. (iii) As
there are 7 “R”s in this enzyme, the frequency of a random
construction of “RR” would be expected to be 0.203 (7/
207 x 6/206 x 206), i.e. the “RR” would be expected to be
absent, which is true, so the absence of “RR” is randomly
predictable. (iv) As there are 13 glutamic acids (“E”s) in
this enzyme, the frequency of a random construction of
“AE” would be expected to be 1.570 (25/207 x 13/206 x
206), i.e. the “AE” would be expected to appear twice, but
the “AE” is absent, so the absence of “AE” is randomly
unpredictable. In this way, we can compare the impact of
chance on the composition of amino-acid sequences in a
protein.

Calculating predicted conditional probability

In an ideally random situation, each amino acid could be
possible to follow a preceding amino acid, thus the
probability of follow-up amino acid is 1/20. In human tumour
necrosis factor, there are 19 alanines (“A”s) and 14
arginines (“R”s), the predicted conditional probabilities for
“AA” and “RA” are 18/232 and 19/232 for the second amino
acid of “A” in two-amino-acid sequences to follow an “A”
and a “R”; the predicted conditional probabilities for “AR”
and “RR” are 14/232 and 13/232 for the second amino
acid of “R” to follow an “A” and a “R”. The predicted
conditional probability of the third amino acid of “A” in a
three-amino-acid sequence to follow “AA” is 17/231.

Calculating Markov chain transition probability

The Markov chain is to calculate the transition probability
from one state to another state (Ash, 1965; Feller, 1968;
Csiszar, 1981; van der Lubbe, 1997). For a two-amino-
acid sequence, an amino acid has how large probability to
follow a certain preceding amino acid, which constructs a
conditional probability (the first order Markov chain), i.e.
the probability of an amino acid occurs in a two-amino-
acid sequence given a certain kind first amino acid
[P(second amino acidlfirst amino acid)]. For a three-amino-
acid sequence, the second order Markov chain can be
defined, i.e. the probability of an amino acid occurs in a
three-amino-acid sequence given a certain kinds first two
amino acids [P(third amino acidlfirst and second amino
acids)].

Calculating follow-up amino acid by random principle

By comparing predicted conditional probability with Markov
transition probability, it can be obtained that how many
percentages of the Markov transition probability can be
explained by a purely random mechanism. For example,
there are 58 asparagines (“N”s) among 1434 amino acids
in human nitric-oxide synthase type | form (Fujisawa et al.,
1994; Hall et al., 1994). A“N” would have the probability of
0.040 (58/1433) in following a preceding “E” according to
a purely random mechanism, which is true in the real
situation, so the fact that a “N” follows a preceding “E” can
be predicted by a purely random mechanism. By contrast,
a “N” would have the probability of 0.040 (58/1433) in
following a proceeding “A” according to a purely random
mechanism. But the “N” has the probability of 0.057 in

following a proceeding “A” in the real situation, thus the
fact that a “N” follows a proceeding “A” cannot be predicted
by a purely random mechanism.

Calculating amino-acid distributions along a protein primary
structure
The calculation of amino-acid distributions is similar to the
calculation of occupancy problems of subpopulations and
partitions (Feller, 1968). For each of distributions of amino
acids, the probability is A/(qo! X g1! x ... x @!) x A/(ry! x !
X ... X Iy!) x n™. In the equation, ! is the factorial function,
ie.nl=nx(n—-1)x(n—2)x...x 1, forexample, 7! =7 x 6
x5x4x3x2x1=5040 and 0! = 1 by definition. ris the
number of a given kind amino acid or amino acid pair, for
example, we have r =7 for “F”s because there are 7 “F’s
in Citrobacter Freundii p-lactamase. n is the number of
grouped parts in Citrobacter Freundii p-lactamase
sequence for a given amino acid or amino acid pair, for
example, n=7 for “F”, in fact we actually have r= nin this
type of calculation. ry, > ... r, are the number of a given
kind of amino acid in part 1, 2, ... n, for example, when 7
“F’s appear in each of 7 parts, we have ry =1, =1, 3=
1,n=1,rs=1,rs=1and rr = 1. g is the number of parts
with the same number of amino acid, for example, when 7
“F”s appear in each of 7 parts, we have qo=0, 91 =7, go =
0,93=0,92=0,g5=0,gs =0 and g = 0, i.e. 0 part
contains 0 “F”, 7 parts contain 1 “F”, 0 part contains 2 “F’s,
0 part contains 3 “F”s, 0 part contains 4 “F’s, 0 part contains
5 “F’s, 0 part contains 6 “F’s and 0 part contains 7 “F’s.
Table 2 details the calculation using this equation with
respect to the distributions of seven amino acids in seven
parts. The first seven columns show that the protein is
divided into seven parts, and the first seven cells in each
row show a possible configuration of amino acids; the
eighth column is the numeric presentation of each
configuration; the ninth column shows the details of
calculation of distribution probability (the first and second
parenthesis correspond to g and r in the equation); the
tenth column is the distribution probability and the eleventh
column is the distribution rank.

Ranking possible distribution probabilities

In order to avoid too many decimal values, we rank the
possible distribution probabilities according to a descending
order, thus the highest distribution probability is ranked as
one. For example, there are 15 types of possibly theoretical
distributions for seven amino acids in seven parts, but we
rank them only to 13 because the same probability can be
calculated from different distributions (rank 4 and 6 in Table
2).

Calculating distribution ranks

As the composed number of amino acids is different one
another even in the same protein family, we standardise
the impact of chance on a protein using the distribution
ranks per amino acid and per each type of amino acid.
These can be calculated by dividing the sum of ranks by
the number of amino acids and the sum of ranks of each
type of amino acids by the number of corresponding type
of amino acids. Taking the mouse bcl-2 as an example,
this protein contains 236 amino acids and the sum of ranks
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Table 2. All possible distributions of 7 ‘F’s in 7 parts with their distribution probability and rank.

Part 1Part2 Part3 Part4 Part5 Part 6 Part 7 Distribution Calculation of probability (7!x 7!x 77 divided by) Probability Rank
F F F F F F F 1,1,1,1,1,1 1 (0!x 7!x O!x O!x O!x O!x O!x Ox)x(1!x 1!x 11x 1Ix 11x 1Ix 1x) 0.006120 8
F F F F F FF 0,1,1,1,1,1,2 (0!x 5!x 11x 0!x O!x O!x O!x Ox)x(0!x 1!x 1Ix 1Ix 11x 1Ix 2!x) 0.128518 3
F F F FF FF 0,0,1,1,1,2,2 (2!x 3!Ix 2Ix 0!x O!x O!x O!x O!x)x(0!x O!x 11x 1!x 1!x 2!x 2!x) 0.321295 1
F FF FF FF 0,0,0,1,2,2,2 (3!x 11x 3!x 0!x O!x O!x O!x 0!x)x(0!x O!x O!x 1!x 2!x 2!x 2!x) 0.107098 4
F F F F FFF 0,0,1,1,1,1,8 (2!x 41x 0!x 11x O!x O!x O!x 0!x)x(0!x O!x 1!x 1!x 1Ix 1!x 3!x) 0.107098 4
F F FF FFF 0,0,0,1,1,2,3 (3!x 2Ix 11x 11x 0!x O!x O!x 0!x)x(0!x O!x O!x 1!x 1!x 2!x 3!x) 0.214197 2
FF FF FFF 0,0,0,0,2,2,3 (4!x O!x 2!x 11x 0!x O!x O!x O!x)x(0!x O!x O!x O!x 2!x 2!x 3!x) 0.026775 6
F FFF FFF 0,0,0,0,1,3,3 (4!x 11x 0!x 2!x O!x O!x O!x 0!x)x(0!x O!x O!x O!x 1!x 3!x 3!x) 0.017850 7
F F F FFFF 0,0,0,1,1,1,4 (3!x 3!x 0!x O!x 11x O!x O!x O!x)x(0!x O!x O!x 1!x 1!x 1!x 4!x) 0.035699 5
F FF FFFF 0,0,0,0,1,2,4 (4!x 11x 11x 0!x 11x O!x O!x 0!x)x(0!x O!x O!x O!x 1!x 2!x 4!x) 0.026775 6
FFF FFFF 0,0,0,0,0,3,4 (5!x 0!x O!x 1!x 1!x O!x O!x 0!x)x(0!x O!x O!x O!x O!x 3!x 4!x) 0.001785 10
F F FFFFF  0,0,0,0,1,1,5 (4!x 2Ix 0!x 0!x O!x 11x O!x 0!x)x(0!x O!x O!x O!x 1!x 1!x 5!x) 0.005355 9
FF FFFFF  0,0,0,0,0,2,5 (0!x O!x 11x O!x O!x 11x Olx 0!x)x(0!x O!x O!x O!x O!x 2!x 5!x) 0.001071 1
F FFFFFF 0,0,0,0,0,1,6 (5!x 11x 0!x O!x O!x O!x 11x 0!x)x(0!x O!x O!x O!x O!x 1!x 6!x) 0.000357 12
FFFFFFF 0,0,0,0,0,0,7 (6!x O!x O!x 0!x O!x O!x O!x 1!x)x(0!x O!x O!x O!x O!x O!x 7!x) 0.000008 13

for all 20 types of amino acids is 192, thus the rank per
amino acid is 192/236 = 0.81. Similarly, there are 21
prolines (“P”s) in bovine bcl-2 and the rank for “P”s is 129,
thus the rank per each “P” is 129/21 = 6.14. In these
manners, we can compare the impact of chance on amino-
acid distributions in primary structure across a protein
family.

Statistical inference regarding the randomness in
protein primary structure

Statistical inference with respect to the construction of
amino-acid sequences
The measured and predicted frequencies can be compared
using the rounded integral value. The measured
frequencies of two- and three-amino-acid sequences can
be checked by the Kolmogorov-Smirnov normality test. In
fact, a non-normal distribution would be expected; thus
this test is used only for safety. Then 400 and 8000 random
integral data (white noise) are produced ranging from the
minimal to maximal frequency, the Mann-Whitney Rank
sum test is used to compare the random data with
measured frequencies. No measured frequencies for multi-
amino-acid sequences are used in the above tests,
because of the limitation in software and personal
computer. P<0.05 is considered to be of statistical
significance, and SigmaStat for Windows (version 2.0,
1992-1995 Jandel Corporation) is used to run all the tests.
The measured probability and predicted probability are
compared using four decimal rounded values. Generally
each type of 20 amino acids has a chance of 1/20 (P =
0.05) to repeat once, a two-amino-acid sequence has the
chance of 1/400 (P = 0.0025) to repeat once, and a three-
amino-acid sequence has the chance of 1/8000 (P =
0.000125) to repeat once in the protein primary structure.
In case of human nitric-oxide synthase type | form, there
are 127 leucines (“L"s), which is the most abundant amino
acid, and 21 tryptophans (“W”s), which is the least amino
acid. If the first amino acid is “L”, then the chance of the
second amino acid to be “L” is 126/1433 (P = 0.0879 >
0.05), if the first amino acid is “W”, then the chance of the
second amino acid to be “W” is 20/1433 (P = 0.0140 <
0.05). With respect to multi-amino-acid sequences, the
chance of appearance of two-amino-acid sequence of “LL”
is 127/1434 x 126/1433 (P =0.0078 < 0.01); the chance of

the first repetition of “LL” is 125/1432 x 124/1431 (P =
0.0076 <0.01); the chance of appearance of three-amino-
acid sequence of “LLL" is 127/1434 x 126/1433 x 125/1432
(P=0.0007 <0.001) and the chance of the first repetition
of “LLL” is 124/1431 x 123/1430 x 122/1429 (P = 0.0006 <
0.001).

Statistical inference with respect to the randomness of
follow-up amino acid

The Markov chain transition probability and conditional
probability are compared using four decimal rounded
values. Generally the statistical inference in this random
calculation is similar to the previous one, i.e. each type of
20 amino acids has a chance of 1/20 (P = 0.05) to follow a
preceding amino acid. For example, there are 58 “N”s in
human nitric-oxide synthase type | form, the probabilities
of first appearance of “N” in a two- and three-amino-acid
sequence are 58/1433 (P = 0.0405) and 58/1432 (P =
0.0405), respectively. Similarly the probabilities of second
appearance of “N” in a two- and three-amino-acid sequence
are 57/1431 (P = 0.0398) and 57/1429 (P = 0.0399),
respectively.

Statistical inference with respect to the distributions of
amino acids along a protein

As each type of amino acids has a specific distribution
probability/rank in a protein, this probability is not similar
to the probability obtained from statistical inference, we
therefore cannot treat the distribution probability in the
sense of statistical significance. However we can
understand the likelihood of occurrence of a type of
distribution, for example, the distribution of “F”, “F”, “F”,
“FF” and “FF” is 52 times (0.321295 /0.006120) more likely
to occur than the distribution of “F”, “F”, “F”, “F”, “F”, “F”
and “F” (Table 2).

General meanings of random approach

Present and absent amino-acid sequences

With respect to the amino-acid sequence being present in
a protein, if the measured probability/frequency matches
the predicted probability/frequency, the occurrence of
amino-acid sequences can be considered to be random,
otherwise the presence of amino-acid sequences cannot
be explained by purely random mechanism.
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With respect to the amino-acid sequence being absent
from a protein, if the measured probability/frequency
matches the predicted probability/frequency, the absence
of amino-acid sequences can be considered to be random;
if not, the absence of amino-acid sequences cannot be
explained by purely random mechanism.

Follow-up amino acid

If the Markov chain transition probability matches the
conditional probability, the amino acid following certain
preceding amino acid/amino acids can be explained by a
purely random mechanism. By the contrary, if the Markov
chain transition probability differs from the conditional
probability, the follow-up amino acid cannot be explained
by a purely random mechanism.

Amino-acid distribution along a protein

If a type of amino acids has a highest distribution probability
or lowest distribution rank, it means that these amino acids
adopt the most-likely-to-occur distribution, or they distribute
in the probabilistically simplest way along a protein.
Otherwise, the amino acids has lower distribution
probability or higher distribution rank indicating that the
chance has less impact on their distribution in a protein.

Application for analysis on protein primary structure
by random principle

Amino-acid sequences and protein construction

It is interesting that some kinds of amino-acid sequences
are predictable for their presence or absence according to
a purely random mechanism. About 47% absent and 23%
present two-amino-acid sequences show that their
frequencies can be explained by purely random mechanism
(Table 3). This means that a protein sequence can be
divided into “random” and “non-random” subsequences,
i.e. randomly predictable subsequence and randomly
unpredictable subsequence.

Each repetition has the probability of 1/400 in two-
amino-acid sequence, of 1/8000 in three-amino-acid
sequence, and of 1/160 000 in four-amino-acid sequence,
thus the amino-acid sequences, which appear more than
once, are particularly interesting, because these repetitions
would not be considered to occur by chance, they may
have some non-random reason underlying.

Generally speaking, no occurrence of multi-amino-acid
sequences can be predicted by a purely random
mechanism, because of the low probability to occur. But
on the other hand, all the non-occurrence of multi-amino-
acid sequences can be predicted by a purely random
mechanism as well as because of the low probability to
occur, which leaves an interesting question of whether the
reason that most multi-amino-acid sequences are not
selected for the construction of a protein is due to a purely
random mechanism.

The amino-acid sequences that do not match the
predicted frequency are important, especially when the
difference between measured and predicted frequencies
is equal to or larger than two, because the predicted
frequency is the rounded value of the predicted probability
and the difference, being equal to one, may be due to the
rounding error.

Table 3 Two-amino-acid sequences in different proteins

times of appearance

absent pairs present pairs

Protein

Xl

Xi

IX

Vil

vil

\

v

state B

total state A

state A state B

total

ooooo

(0.25)
1 (0.25)

63
60
60
70
69
57
34
82
65
51
52
56
65

100 (25.00)
111 (27.75)
117
105
142
138
120

77 (19.25)
92 (23.00)
81 (20.25)
107 (26.75)
97 (24.25)
95 (23.75)
64 (16.00)
156 (39.00)
119 (29.75)
80 (20.00)
85 (21.25)
82 (20.50)
99 (24.75)

452
373
348
521
518
408
232
528
453
385
389
381
380

52[28.57)]
52[27.23]
50 [24.39]
29[19.73]
9[6.34]

01[0]
42[17.28]
00]

115 [63.19]
119 [62.30]
113 [55.12]
61[41.50]
37 [26.06]
72[40.45)
176 [72.43]
15 [13.16]
56 [38.10]
98 [52.41]
86 [45.75)
102 [52.58]
89 [48.37)

50)
75)
25)
75)
5)

182
191
205
147
142
243
114
147
187
188
194
184

Human PAF-AH- of 178
Human TNF- a9

Human tyrosinase”
Human TAT'

Bovine p53

mouse p53¢

Human AML-12
Sheep p53'

Human ADH1°
Human CTGF¢
Human GR?
Human MAO-B®
AMPC-CITFR™

ty according to a purely random mechanism, respectively.

The states A and B indicate that two-amino-acid sequences can be explained by the predicted frequency and the predicted probabili

() and [] are the percentages calculated from 400 possible two-amino-acid sequences and from total number of corresponding two-amino-acid sequences, respectively.

aWu and Yan, 2000c; ® Wu, 2000e; ¢ Wu and Yan, 2001b; ¢ Wu, 2000a; © Wu and Yan, 2001a; f Wu and Yan, 2000d; ¢ Wu, 2000b; " Wu and Yan, 2002a; | Wu, 2000c; | Wu and Yan, 2002b; ¥ Wu, 2000g; ' Wu, 2000d; ™ Wu and Yan, 2000a.




The amino-acid sequences are functionally and
evolutionary biased, i.e. a protein favours certain repeated
sequences, although the current knowledge does not
provide much correlation of repeated sequences with
knowing sites in the protein. For example, most of repeated
three-amino-acid sequences of human tyrosinase are
located in luminal domain (from 19 to 476), one of “LLG” is
located in the transmembrane region (from 477 to 497),
one of “LME” and one of “MEK” are located in cytoplasmic
domain (from 498 to 529) (Wu and Yan 2002a).

If a possible amino-acid subsequence does not appear
in a protein, naturally it is not needed for its function. Of
these “useless” sequences, some can be explained by a
purely random mechanism and some cannot, which also
differs from the traditional view. It appears likely from such
analyses that the protein may not be as highly structured
as was previously thought. This leaves an intriguing
question of whether the inclusion and exclusion of non-
random sequences in a protein may lead to functional
changes, which, however, requires scanning a total family
of proteins to draw a firm conclusion.

Follow-up amino acid and protein construction

In human glutathione reductase, of 477 measured first-
order Markov chain transition probabilities for the second
amino acid in two-amino-acid sequences, one (0.210%)
measured first order Markov chain transition probability
matches the predicted conditional probability and can be
explained by a purely random mechanism (Wu, 2000a).
However, the vast majority of the measured Markov chain
transition probabilities do not match the predicted
conditional probabilities implicating that follow-up amino
acid is generally not arbitrary. The results from Tables 4, 5
and 6 show that the Markov chain transition probability

Table 4 Measured frequency, predicted frequency and first-order Markov chain
transition probability (MCTP) of two-amino-acid sequences, which have a difference
>2 between counted and predicted frequencies in human alcohol dehydrogenase -
chain (Wu, 2000e).

Amino-acid sequence  Measured frequency Predicted frequency =~ MCTP

AA 5 2 0.161
AE 0 2 0.000
AK 5 3 0.161
AV 6 3 0.194
CG 4 2 0.250
CK 3 1 0.187
EV 5 2 0.250
FS 5 1 0.357
GF 3 1 0.083
GP 0 2 0.000
GT 5 2 0.139
HE 3 0 0.375
HG 1 3 0.031
IN 3 1 0.115
KP 4 2 0.125
KT 0 2 0.000
LG 5 3 0.172
LL 4 2 0.138
Lv 1 3 0.034
NP 4 1 0.364
PA 0 2 0.000
PQ 3 0 0.150
QD 2 0 0.286
RI 3 1 0.333
SG 2 0 0.087
ST 4 1 0.174
TK 0 2 0.000
VA 5 3 0.139
Vi 5 3 0.139
VK 1 3 0.028
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Table 5 Measured frequency, predicted frequency and second-order Markov chain
transition probability (MCTP) of three-amino-acid sequences, which have a difference
>2 between counted and predicted frequencies in sheep p53 protein (Wu, 2000d).

Amino-acid sequence Measured frequency Predicted frequency MCTP

AQA 2 0 1.000
EPP 3 0 0.750
EYF 2 0 1.000
GNL 2 0 0.667
KKG 2 0 0.333
KKP 2 0 0.333
LAP 2 0 0.667
LLP 2 0 0.500
LSS 2 0 0.500
NEA 2 0 1.000
NLL 3 0 0.750
PEP 2 0 0.500
PLS 2 0 0.667
PPG 2 0 0.250
PPP 3 0 0.375
RSS 2 0 0.667
SPS 2 0 0.333
SSF 2 0 0.222

increases from two-amino-acid sequences to multi-amino-
acid sequences, therefore the random chance for an amino
acid to follow an arbitrary amino acid/amino acids
decreases with the increase in the length of amino-acid
sequence.

Amino-acid distribution and protein construction

In fact, the number of possibly theoretical distributions
increases dramatically as the number of amino acids
increases. For example, there are three types of possibly
theoretical distributions for three amino acids distributing
in three parts, 11 types for six amino acids distributing in
six parts, 54 types for 11 amino acids distributing in 11
parts. Although there are many possible distributions for a
type of amino acids in a protein (such as 15 possible
distributions for seven amino acids in Table 2), a protein
adopts only one possible distribution during its evolutionary
process. Therefore there is solely one distribution
probability/rank for each type of amino acids and a

Table 6 Appeared-more-than-once four-, five-, six-, seven-, eight-, and nine-amino-
acid sequences, their measured frequency, predicted frequency and Markov chain
transition probability (MCTP) in human platelet-activating factor acetylhydrolase a-
subunit (Wu and Yan, 2000d).

Amino-acid sequence  Measured frequency  Predicted frequency MCTP

ASCS 2 0 1.000
DKTI 2 0 0.667
DQTV 2 0 1.000
IKMW 2 0 1.000
KTIK 2 0 1.000
RDKT 2 0 1.000
SRDK 2 0 1.000
TIKM 2 0 0.500
VSAS 2 0 1.000
VWDY 2 0 1.000
DKTIK 2 0 1.000
KTIKM 2 0 1.000
RDKTI 2 0 1.000
SRDKT 2 0 1.000
TIKMW 2 0 1.000
DKTIKM 2 0 1.000
KTIKMW 2 0 1.000
RDKTIK 2 0 1.000
SRDKTI 2 0 1.000
DKTIKMW 2 0 1.000
RDKTIKM 2 0 1.000
SRDKTIK 2 0 1.000
RDKTIKMW 2 0 1.000
SRDKTIKM 2 0 1.000
SRDKTIKMW 2 0 1.000
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maximum of 20 types of distribution probability/rank in a
protein. Using the distribution probability/rank as a
measure, one can analyse the effects of chance on amino-
acid distribution in proteins.

It is found that the distribution probabilities for several
types of amino acids are at or very near to the
probabilistically simplest distribution in our studies. For
example, about one fourth types of amino acids distribute
in the highest probabilistic way in the Bcl-2 family (Figure
1). These phenomena are striking in different functional
regions (four BH regions and transmembrane region),
where vast majority of amino acids occur with the
probabilistically simplest distribution.

In our studies, we observed that the distribution
probabilities for most amino acids and amino-acid
sequences are at or near the probabilistically simplest
distribution. This is not a homogenous distribution along a
protein, but rather a heterogeneous distribution, which with
a high distribution probability may provide the base for the
protein function. On the other hand, the distribution
probability for the homogeneous distribution is very low
(Table 7), so it is not easy to adapt the homogeneous

Table 7. Homogenous distribution probability with respect to the different numbers of
amino acids

Number of amino acid Probability Number of amino acid Probability

2 0.5000 3 0.2222

4 0.0938 5 0.0384

6 0.0154 7 0.0061

8 0.0024 9 0.0009

10 0.0004 11 0.0001

12 5.3723 x107° 13 2.0560 x107°
14 7.8454 x107° 15 2.9863 x107°
16 1.1342 x10°6 17 4.2997 x1077
18 1.6272 x1077 19 6.1486 x1078
20 2.3202 x1078 21 8.7446 x107°
22 3.2921 x107° 23 1.2381 x1079
24 4.6520 x107'° 25 1.7464 x1071°
26 6.5511 x107"" 27 2.4556 x107""
28 9.1985 x107'2 29 3.4435 x10712
30 1.2883 x107"2 31 4.8174 x107"3
32 1.8004 x107"3 33 6.7255 x107'4
34 25112 x107"4 35 9.3724 x107'°
36 3.4966 x10°1° 37 1.3040 x10715
38 4.8612 x107'6 39 1.8116 x107'®
40 6.7491 x107"7 41 25136 x107"7
42 9.3585 x10°18 43 3.4834 x107'®
44 1.2962 x107'8 45 4.8222 x107"°
46 1.7935 x107"° 47 6.6691 x10720
48 2.4793 x1072° 49 9.2150 x10721

50 3.4243 x107%'




distribution from the probabilistic viewpoint during the
evolutionary process. Thus the tendency for amino acids
clustering in the protein primary structure results from the
necessity of both function and randomness.

Application for mutation analysis by random principle

Amino-acid sequences and mutation

As it has been realised for many years that most mutations
causing changes in amino-acid sequence are of no
consequence for protein function, the results from our
studies raises an intriguing issue of whether or not these
unharmed mutations occur in the “random” subsequences.
Logically, mutations in randomly predicted subsequences
are most likely to occur spontaneously. After determined if
a mutation occurs in predictable or unpredictable
subsequences, a mutation in predictable subsequences
is unlikely to lead to a substantial change in protein function,
otherwise a mutation in unpredictable subsequences is
likely to result in a substantial change in protein function.
For example, there are two mutations in rat monoamine
oxidase B form. One mutation occurs at position 139
changing “L” to “H” which leads to four two-amino-acid
sequences changed, i.e. “PL” -> “PH” and “LA” -> “HA”
because amino acids at positions 138 and 140 are “P” and
“A”, respectively. Our results show that all these four
changes belong to predictable subsequences, accordingly
this mutation may not lead to a substantial change in
enzymatic function. This is true because the mutation does
not change the substrate affinity. Another mutation occurs
at position 199 changing “I” to “F” which leads to four two-
amino-acid sequences changed, i.e. “Il” -> “IF” and “IS” -
> “FS” because amino acids at positions 198 and 200 are
“I”and “S”, respectively. Our results show that the “IS” is in
an unpredictable subsequence, accordingly the mutation
may lead to a substantial change in enzymatic function,
which is true because the mutation increases the affinity
for serotonin and tyramine (Wu and Yan, 2001a)

Table 8 Changes in first-order Markov transition probability of appeared-more-than-
once two-amino-acid sequences in human tyrosine aminotransferase and its variant
(Wu, 2000c)

Sequence Normal Variant
GA 0.100 0.103
GR 0.067 0.069
GN 0.100 0.103
GD 0.067 0.069
GG 0.067 0.067
Gl 0.067 0.069
GL 0.100 0.069
GK 0.067 0.069
GF 0.067 0.069
GS 0.067 0.069
GW 0.067 0.069
PG 0.188 0.156
PV 0.063
VA 0.065 0.063
VR 0.065 0.063
VN 0.065 0.063
VG 0.065 0.063
VH 0.065 0.063

Vi 0.065 0.063
VL 0.063
VK 0.097 0.094
VF 0.097 0.094
VP 0.194 0.188
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Follow-up amino acid and mutation
Mutations can lead to the increase or decrease in Markov
chain transition probability, for example, although a single
amino acid is changed in the variant of human tyrosine
aminotransferase (G -> V at position 362, Natt et al., 1992),
two appeared-more-than-once sequences (PV and VL)
appear in the variant, the measured probability is only
changed in four appeared-more-than-once sequences (GL,
PG, PV and VL), however 23 changes are found in the
first-order Markov chain transition probability (Table 8), so
it seems that the measure of Markov chain transition
probability is more sensible affected by mutation.
Mutations can change the value of Markov chain
transition probability, and may consequently affect on
protein function, such as the above variant causing
tyrosinemia type Il. Taking human haemoglobin a-chain
as another example, there are three variants leading to
low O, affinity (Table 9).

Amino-acid distribution and mutation

Mutations can increase or decrease in the distribution
probability/rank of composed amino acids, consequently
changing in protein function, which phenomena are
revealed by our approaches. For example, there are seven
variants in human haemoglobin a-chain causing a-
thalassemia (Table 10). Variants 1 and 3 target the
distribution probability increased in both affected amino
acids, while the others change the distribution probability
of affected amino acids to opposite directions. In variants
4, 5 and 7, the distribution probability is lower in replaced

Table 9 First-order Markov chain transition probability of two-amino-acid sequences
which appear more than once in human haemoglobin a-chain and its three variants
(Wu, 1999).

Sequence Normal Variant 1 Variant 2 Variant 3
AA 0.095 0.095 0.095 0.100°
AD 0.095 0.095 0.095 0.100°
AE 0.095 0.095 0.095 0.100°
AH 0.190 0.190 0.190 0.200°
AL 0.190 0.190 0.190 0.200°
AS 0.095 0.095 0.095 a
AV 0.095 0.095 0.095 0.100°
NA 0.500 0.500 0.500 0.500
DL 0.250 0.250 0.250 0.220°
DK 0.250 0.250 0.250 0.220°
GA 0.286 0.286 0.286 0.286
GK 0.286 0.286 0.286 0.286
HA 0.300 0.300 0.330° 0.300
HG 0.200 0.200 a 0.200
LA 0.111 0.111 0.111 a
LD 0.1112°b
LL 0.111 0.111 0.111 0.111
LS 0.333 0.333 0.333 0.333
LT 0.111 0.111 0.111 0.111
KL 0.182 0.182 0.182 0.182
KT 0.182 0.182 0.182 0.182
KV 0.182 0.182 0.182 0.182
FL 0.286 0.286 0.286 0.286
FP 0.286 0.286 0.286 0.286
PA 0.429 0.429 0.429 0.429
SA 0.182 0.182 0.182 0.182
SH 0.182 0.182 0.182 0.182
TN 0.222 0.222 0.222 0.222
YG 0.5002°
VA 0.154 0.167° 0.154 0.154
VD 0.154 0.167° 0.154 0.154
VL 0.154 a 0.154 0.154
VK 0.154 0.167° 0.154 0.154

aand ®, there are differences in sequence and probability between variant and
normal haemoglobins, respectively. Variant 1: V -> E in 1 (Vasseur et al., 1992);
Variant 2: H -> Y in 58 (Bairoch and Apweiler, 1999); Variant 3: A-> D in 130
(Fujisawa et al., 1992).
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Figure 2. Distribution rank per amino acid in the whole sequence and in different functional regions (the transcription activation region, the DNA-binding
region, the nuclear localisation signal region, the oligomerization region and the repression of DNA-binging region) across the p53 family.
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Figure 3. Distribution rank per amino acid in the whole sequence and different functional regions (transmembrane region, BH1-4 regions) across the Bcl-2
family.

Table 10 Amino acids and their numbers, measured distribution probability (MDP), and rank in theoretical
distribution probability (RTDP) in seven variants causing a-thalassemia compared with those in normal
human haemoglobin a-chain in parentheses (Wu and Yan, 2000b)

Type of variant  Amino acid Number MDP RTDP
Variant 12 D 9 8) 0.1967 (0.0673) 1 (5)
G->Din59 G 6 7) 0.1543 (0.0268) 3 (7)
Variant 2° R 4 3) 0.5625 (0.2222) 1 )
L->Rin 109 L 17 (18) 0.0183 (0.0831) 16 ()
Variant 3¢ A 20 (21) 0.0965 (0.0273) 1 (11)
A->Din 110 D 9 8) 0.1770 (0.0673) 3 (5)
Variant 4¢ L 17 (18) 0.0366 (0.0831) 9 )
L->Pin125 P 8 7) 0.2243 (0.1585) 2 (3)
Variant 5° L 17 (18) 0.0366 (0.0831) 9 )
L->Pin129 P 8 7) 0.2523 (0.1585) 1 (3)
Variant 6' P 8 7) 0.2523 (0.1585) 1 (3)
S->Pin131 S 10 (11) 0.1905 (0.2020) 1 (1)
Variant 79 L 17 (18) 0.0366 (0.0831) 9 )
L->Pin136 P 8 7) 0.2523 (0.1583) 1 (3)

a Curuk et al., 1993; ® Sanguansermsri et al., 1979; © Honig et al., 1981; 9 Zeng et al., 1988; Liang et al.,
1991; Ko et al., 1993; ¢ Darbellay et al., 1995; f Wajcman et al., 1993; 9 Harkness et al., 1990.
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Table 11. Distribution rank per amino acid in mutations compared with that of normal
rat MAO-A

Amino acid  Position Distribution rank Difference
Mutation 1 F->A 208 0.848 I 3%
Mutation 2 F->1 208 0.886 T 1.26%
Mutation 3 F->V 208 0.922 T 5.37%
Mutation 4 F->Y 208 0.875 > 0

1, | and -> present the rank increasing, decreasing and unchanged in comparison
with normal rat MAO-A, respectively.

amino acids and higher in replacing ones. On the contrary,
variants 2 and 6 lead to the distribution probability increased
in substituted amino acids and decreased in substituting
ones (Wu and Yan, 2000b). From probabilistic viewpoint,
the formation of variants 1 and 3 is more likely spontaneous,
as the amino-acid distributions in these variants shift to
higher probabilistic direction, i.e. the amino acids distribute
more randomly in these variants.

There are four mutations documented in rat MAO-A
changing “F” at position 208 to “A”, “I”, “V” and “Y”,
respectively (Tsugeno and lto, 1997). The distribution rank
decreases in mutation 1 and increases in mutations 2 and
3, leading to a lower affinity for serotonin and tyramine. It
is interesting to note that the distribution rank is unchanged
in mutation 4, consistently no change in substrate affinity
is found in mutation 4 (see Table 11).

In tumor suppressor p53 protein there are five
functional regions documented in the Swiss-Protein
databank, among them the DNA-binding region is quite
longer (about 190 amino acids) than others, mutations in
these regions may result in the p53 dysfunction and induce
cancers, which is true in humans as the majority of such
mutations are found in the DNA-binding region (Hollstein
et al., 1991; de Vries et al., 1996). It is natural to ask the
question why there are so many mutations in human p53.
The results from our study may give some information to
this issue (see Figure 2). In mouse p53, the distribution of
amino acids reveals in a probabilistically easy way, as the
distribution rank is about the same in the whole sequence
and in different functional regions as well, which may
represents that the primary structure of mouse p53 is more
stable among the p53 family. Unlikely, the distribution
probability of amino acids shows dual characters in human
p53: the distribution ranks are lower in the functional
regions, on the other hand this value is higher in the whole
sequence (more than two times higher than that in mouse
p53). Thus, from the distribution probabilistic viewpoint,
the composition of human p53 is relatively stable in the
functional regions rather than in the whole sequence. This
contradictory feature may contribute to one of the potential
effects on the mutations.

Application for evolutionary process by random
principle

Logically, the functional regions in a protein should be
considered to be deliberately evolved and conserved, thus
the presence of amino-acid sequences in these regions is
unlikely to be predictable by a purely random mechanism;
whereas the non-functional regions in a protein are unlikely

to be deliberately evolved and conserved, thus the
presence of amino-acid sequences in these regions is
possibly predictable by a purely random mechanism.

The speed of evolution in a species would catch up
with the environmental changes, otherwise this species
would die. This requires the nature selection to be of
efficiency, for example, the synthesis of a protein should
be less energy- and time-consuming. The choice of the
amino acid sequences with a high probability of occurrence
is certainly a way to be efficient, which can be viewed as
the effect of chance on the evolutionary process. Thus the
more the predictable amino-acid sequences in a protein,
the more easily the protein is formed, and consequently
the formation of this protein costs less time and energy.
From Table 3 it can be found that the construction of human
tyrosinase is more random than human acute myeloid
leukaemia 1 protein, as about 42% two-amino-acid
sequences occur randomly in the former one while only
25% in the later one.

By means of analysing amino-acid distributions in a
protein family, we can get some insights into the effect of
chance on the evolutionary process. Taking the p53 family
as an example (Figure 2), it can be seen that mouse p53
has the lowest distribution rank, whereas the p53 from
common tree shrew has the highest distribution rank,
whose value increases by 3.8-fold compared to that of
mouse p53. This difference implies that the effect of chance
has more impact on the amino-acid distribution of mouse
p53 and less impact on that of common tree shrew p53.

Furthermore, the distribution probabilities for several
types of amino acids are at or very near to the
probabilistically simplest distribution in the protein family,
for instance, five types of amino acids occur with the highest
probability in mouse and rat p53. There is the possibility
that the distributions with a high distribution probability
should not be deliberately evolved and conserved whereas
the distributions with a low distribution probability should
be deliberately evolved and conserved, because nature
should be clever enough to spend the only necessary
energy and time during evolution. Taking prolines (“P”s)
as an example, their distributions reveal highly
unpredictable in the primary stricture of Bcl-2 family, which
may links to the specific necessary for Bcl-2 function.
Variant 2 from human Bcl-2 modifies the most evolved and
conserved distribution configuration of “P” by supplying
another “P”, changing the rank of “P”s from 69 to 38,
consequently, the dysfunctional Bcl-2 induces non-
Hodgkin’s-lymphoma (Tanaka et al., 1992).

Although the distribution ranks vary from species to
species, our results demonstrate that the distribution ranks
are relatively lower in the functional regions (about 0.5 in
average) than that in the whole sequences (about 1.2 in
average) except for those in mouse p53 (Figure 2). Also
this measure shows less difference between different
species in all of the functional regions opposed to the whole
sequence. Therefore the functional regions (especially the
DNA-binding region) are not only conserved through the
evolutionary process of species but also ranged in a
probabilistically easy way, which guarantee the functional
base of the p53 protein. Similar phenomena can be found
in other protein families such as the Bcl-2 family (Figure
3).



Application for developing new drugs by random
principle

By comparing the predicted probability/frequency with the
measured probability/frequency, one can know which
amino-acid “word” a protein favours. The most frequently
appeared amino-acid sequences may serve as the potential
targets for new drugs, because the drugs would have more
chance to interact with them (Wu and Yan, 2002c). Also,
the amino-acid sequences, which have the biggest
difference between predicted and measured probabilities/
frequencies, could be the potential targets for new drugs,
as they are highly evolved for the difference between
predicted and measured probabilities/frequencies. Finally,
a mutation is unlikely to occur at the amino acid with a
high value of Markov chain transition probability. Thus the
amino acids with high Markov chain transition probability
may serve as the potential targets for new drugs, because
they are unlikely to change into other amino acids.

Limitations

One may argue whether or not the chance affects
significantly on the composition of primary structure of
proteins because the changes in the values of probabilities
or distribution ranks are not big as presented in the studies.
We would like to call attention to the fact that the evolution
is a long continuous and accumulating process, it would
not be surprising that the similarity exists across the protein
family and that some mutations and variants vary little from
their origin.

At present, it is far too early to establish the definitive
relationship between the protein primary structure and its
dysfunction linking to certain disease, which still needs a
considerable of work. However, the studies by our
approaches may serve as a platform for further analyses.

At this stage, we are still unable to apply those
approaches to analyse the DNA and RNA sequences,
although it will certainly be our aim. Technically, the DNA
and RNA sequences are much longer than its
corresponding protein sequence, so this needs another
algorithm. However, the comparison in measured and
predicted probabilities/frequencies between DNA/RNA and
its corresponding protein sequences will doubtless give
more meaningful insights.

Conclusions

According to random principles, we explore three
approaches to analyse protein primary structure, including
the randomness in the construction of amino-acid
sequences, in the follow-up amino acid, and in the
distribution of amino acid/amino acids. (i) By comparing
the measured probability/frequency with the predicted
probability/frequency, we can evaluate the effect of chance
on the composition of amino-acid sequences. (ii) By
comparing the Markov chain transition probability with the
predicted conditional probability, we can evaluate the effect
of chance on the follow-up amino acid. (iii) By comparing
the real distribution probability with the theoretical
distribution probability, we can evaluate the effect of chance
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on the distribution of amino acids. These approaches can
be used to quantitatively analyse the primary structure of
intra-protein as well as inter-proteins, thus we can get more
insights into the mechanisms of protein construction,
mutation, and evolutionary process. Also, these
approaches may have some potential use for developing
new drugs.
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