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Abstract In this study, we use the random principle 
to analyse the distributions of amino acids and amino 
acid pairs in human tumour necrosis factor precursor
(TNF-α) and its eight mutations, to compare the mea-
sured distribution probability with the theoretical distri-
bution probability and to rank the measured distribution
probability against the theoretical distribution probabili-
ty. In this way, we can suggest that distributions with a
high random rank should not be deliberately evolved and
conserved and those with a low random rank should be
deliberately evolved and conserved in human TNF-α. An
increased distribution probability in a mutation means
probabilistically that the mutation is more likely to occur
spontaneously, whereas a decreased distribution proba-
bility in a mutation means probabilistically that the mu-
tation is less likely to occur spontaneously and perhaps is
more related to a certain cause. The results, for example,
show that the distributions of 30% of the amino acids are
identical with their probabilistic simplest distributions,
and the distributions of some of the remaining amino 
acids are very close to their probabilistic simplest distri-
butions. With respect to probabilities of distributions of
amino acids in mutations, the results show that mutations
lead to an increase in eight probabilities, which are thus
more likely to occur. Eight probabilities decrease and are
thus less likely to occur. With respect to the random
ranks against the theoretical probabilities of distributions

of amino acids, the results show that mutations lead to an
increase in seven and a decrease in seven probabilities,
with two probabilities unchanged.
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Introduction

The primary structure of proteins is the objective of nu-
merous studies because it is the basis for the higher level
structures and protein functions. However, the primary
structure of proteins also provides the basis for studies
and modelling of (i) the patterns of amino acid composi-
tion, (ii) the patterns of natural and artificial mutations,
(iii) the similarity within a protein family, (iv) the simi-
larity between protein families, (v) the mechanism for
construction of higher level structures, (vi) the topologi-
cal base for higher level structures, etc.

The patterns of amino acid composition and muta-
tions are archived via experimental methods and annota-
tion. [1] The most popular analysis of the similarity
within a protein family and between protein families is
archived via multiple sequence comparisons and align-
ments using standard software, for example, BlastP. [2]
There are several other approaches for the similarity
analysis, such as fast Fourier transform, [3] pattern
graph, [4] linguistic approaches, [5, 6] the statistical ap-
proach, [7] etc.

These approaches provide a way to identify the signa-
ture pattern in a protein, because a function is assigned
to a protein based on its sequence similarity to other se-
quences within a protein family and between protein
families. However, the underlying reasoning for the pat-
terns of amino acid composition and the patterns of natu-
ral mutations cannot be revealed by these approaches,
i.e. these approaches can describe and find the patterns
but cannot answer why there are such patterns, although
artificial mutation can directly be related to the experi-
mental condition.
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Perhaps the random analysis may throw light on the
underlying reasoning, not only because pure chance is
now considered to lie at the very heart of nature, [8] but
also because the sequence of proteins with a high proba-
bility of occurrence would be less costly and less time-
consuming during its synthesis. Moreover, the random
analysis may provide a clue for evolution, because it is
still not clear whether or not nature selects the sequence
with a high probability of occurring for protein func-
tions.

In order to apply the random analysis to the primary
structure of a protein, we choose human tumour necrosis
factor precursor (TNF-α) for our analysis. Human tu-
mour necrosis factor is mainly secreted by macrophages
and belongs to the tumor necrosis factor family. It is a
cytokine with a wide variety of functions: it can cause
cytolysis of certain tumor cell lines, it is implicated in
the induction of cachexia, it is a potent pyrogen causing
fever by direct action or by stimulation of interleukin 1
secretion, it can stimulate cell proliferation and induce
cell differentiation under certain conditions.

In this study, we use the random principle to analyse
the possible distributions of amino acid and amino acid
pairs in human TNF-α, to compare the measured distri-
bution probability with the theoretical distribution proba-
bility and to rank the measured distribution probability
against the theoretical distribution probability. In this
way, we can suggest that the distributions with a high
rank of randomness should not be deliberately evolved
and conserved and the distributions with a low rank of
randomness should be deliberately evolved and con-
served.

For example, there are two tryptophans (W) among
233 amino acids in human TNF-α. Our intuition with re-
gard to their randomness may suggest that there would
be one “W’’ in the first half of human TNF-α and anoth-
er “W’’ in the second half of human TNF-α, which is
true, i.e. one “W’’ is at position 104 and another “W’’ is
at position 190. In fact there are only three distributions
of “W’’ in human TNF-α, i.e. (i) both “W’’s are in the
first half, (ii) each “W’’ is in each half, and (iii) both
“W’’s are in the second half, thus each distribution of
“W’’ has the probability of 1/3. This results in a predict-
able distribution in agreement with actual distributions
of “W’’, because any distribution has the same probabili-
ty to occur, although we are still not able to define their
exact positions.

To take this one step further, if we do not distinguish
either the first or second half and we are simply interest-

ed in whether both “W’’s are in both halves or in any
half, we will have the probability of 1/2 for each situa-
tion, as if we toss two coins, either both have the same
faces up or both have different faces up. This is also not
surprising for the distributions of “W’’s in human TNF-α
because any distribution follows a random mechanism.

A little more complicated distribution of amino acids
and amino acid pairs, for example, is the amino acid his-
tidine (H), which is the second least abundant amino 
acid, and there are four “H’’s in human TNF-α. As in the
previous example, we can group the human TNF-α into
four parts, each containing about 58 amino acids
(233/4=58.25), and our intuition with regard to random-
ness may once again suggest that each part would con-
tain an “H’’. In order to find a probabilistic model for
our analysis, we can relate it to statistical mechanics, in
which the distribution of elementary particles among a
set of energy states can be classified according to three
assumptions with respect to whether or not to distinguish
each particle and energy state, i.e. the Maxwell–Boltz-
mann, Fermi–Dirac and Bose–Einstein assumptions. [9]
In our case, four “H’’s and four parts are analogous to
four particles and four states, respectively. If we do not
distinguish four parts and four “H’’s because we are only
interested in how many “H’’s occur in a part, then there
is no difference between this “H’’ and that “H’’ and be-
tween this part and that part, we only have five distribu-
tions of “H’’.

Table 1 shows the probabilities of five distributions of
“H’’ in four parts. The distribution in which one part
contains zero “H’’s, two parts contain one “H’’ and one
part contains two “H“s has the highest probability of
0.56250. This is somewhat contrary to our intuition with
regard to the random distribution of “H’’s, because our
intuition is that each part containing an “H’’ has the
highest probability. What happens in the distribution of
“H’’s is similar to what happens in our daily life, for ex-
ample, we would not expect to receive one letter every
day from Monday to Saturday if six letters randomly ar-
rive from Monday to Saturday. Thus the randomness
precludes an “even” distribution of human TNF-α.

If we look at the real “H’’ distributions in human
TNF-α, we find that they are the same as the highest
probabilistic configuration in Table 1, i.e. one part con-
tains zero “H’’s, two parts contain one “H’’ and one part
contains two “H’’s. Here is something surprising: it is
likely that nature has already chosen the most-likely-to-
occur distribution of “H’’ in human TNF-α or that nature
is very economic and the evolution of human TNF-α had

Table 1 Distributions of four “H“s in four parts of human TNF-α, distribution pattern, calculations and distribution probabilities

Part 1 Part 2 Part 3 Part 4 Distribution pattern Probability=4!×4!×4–4 divided by Probability

H H H H 1, 1, 1, 1 (0!×4!×0!×0!×0!)×(1!×1!×1!×1!) 0.09375
H H HH 0, 1, 1, 2 (1!×2!×1!×0!×0!)×(0!×1!×1!×2!) 0.56250

HH HH 0, 0, 2, 2 (2!×0!×2!×0!×0!)×(0!×0!×2!×2!) 0.14063
H HHH 0, 0, 1, 3 (2!×1!×0!×1!× 0!)×(0!×0!×1!×3!) 0.18750

HHHH 0, 0, 0, 4 (3!×0!×0!×0!×1!)×(0!×0!×0!×4!) 0.01563



proceeded along the probabilistically simplest and most
economic way.

Furthermore, it would be of interest to know whether
a mutation of human TNF-α leads to the distribution
probabilities of amino acids and amino acid pairs in-
creasing or decreasing compared with the human TNF-α,
because the ultimate origin of all evolutionary change is
rooted in mutations. [10] Increasing distribution proba-
bilities would suggest that the mutation develops along
the probabilistically simplest pathway and thus more
easily occurs spontaneously, whereas along the probabi-
listically difficult pathway it is more difficult to occur
spontaneously.

Materials and methods

The human TNF-α sequence was obtained from the
SWISS-PROT Protein Sequence Database (access num-
ber, P01375, http://srs.ebi.ac.uk or http://www4.ncbi.
nlm.nih.gov/PubMed). [11] The eight mutations causing
biological lower activity or inactivity in human TNF-α
are (i) L→S at position 105, (ii) R→W at position 108,
(iii) L→F at position 112, (iv) A→V at position 160, 
(v) S→F at position 162, (vi) V→A at position 167, (vii)
V→D at position 167, and (viii) E→K at position 222.
[12, 13, 14, 15, 16]

The calculation of distributions of amino acids and
amino acid pairs is according to the calculation of 
occupancy problems of subpopulations and partitions.
[9] For each of distributions of amino acids and amino
acid pairs, the probability is r!/(q0!×q1!×...×qn!)×r!/
(r1!×r2!×...×rn!)×n–r.

In the equation,! is the factorial function. r is the
number of a given kind of amino acid or amino acid pair,
for example, we have r=4 for “H’’ and r=19 for alanine
(A) because there are four “H’’s and 19 “A’’s in human
TNF-α. n is the number of grouped parts in human TNF-
α for a given kind of amino acid or amino acid pair, for
example, n=4 for “H’’, in fact we have r=n in this study.
r1, r2,... rn are the number of a given kind of amino acid
or amino acid pair in part 1, 2,... n, for example, when
four “H“s appear in each of four parts, we have r1=1,
r2=1, r3=1 and r4=1. q is the number of parts with the
same number of amino acid or amino acid pair, for ex-
ample, when four “H’’s appear in each of four parts, we
have q0=0, q1=4, q2=0, q3=0 and q4=0, i.e. zero parts
have zero “H’’s, four parts have one “H’’, zero parts
have two “H’’s, and zero parts have three “H’’s, zero
parts have four “H’’s.

Table 1 shows the calculation using this equation 
with respect to the distributions of four “H’’s in human
TNF-α. From Table 1, we can understand not only which
distribution is more likely to occur, but also the compari-
son between them, for example, the distribution of “H’’,
“H’’, and “HH” is 36 times (0.56250/0.01563) more like-
ly to occur than the distribution of “HHHH”.
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Results

Table 2 shows amino acids, their numbers, their mea-
sured distribution probabilities, their maximum theoreti-
cal distribution probabilities, their random ranks against
theoretical distribution probabilities and their “even” dis-
tribution probabilities in human TNF-α. When ranking a
distribution to be 1, we mean that the distribution has the
highest probability to occur, for example “Q’’. It can be
seen that the distributions of “F’’ and “T’’ have the low-
est random ranks among 20 kinds of amino acids, thus
these distributions are highly unpredictable. However
30% (6/20) of distributions of amino acids are identical
with their probabilistically simplest distributions, and the
distributions of the remaining amino acids are very near
to their probabilistically simplest distributions because
their random ranks are near to 1. Table 2 also shows that
any measured distribution probability is far away from
the “even” distribution probability, i.e. none of the amino
acids is distributed homogeneously along human TNF-α.

Table 3 shows amino acids, their numbers, measured
distribution probability, random ranks against the theo-
retical distribution probability and their tendencies in
eight mutations compared with those in human TNF-α.
With respect to probabilities of distributions of amino
acids in mutations, the mutations lead eight probabilities
to increase and thus to occur more easily, and eight prob-
abilities to decrease and thus to occur with more difficul-
ty. With respect to the random ranks against the theoreti-
cal probabilities of distributions of amino acids, the mu-

Table 2 Amino acids, their numbers, measured distribution proba-
bility (MDP), maximum theoretical distribution probability
(MTDP), random ranks against theoretical distribution probability
(RRTDP) and “even” distribution probability (EDP) in human
TNF-α

Amino acid Number MDP MTDP RRTDP EDP

Aa 19 0.0895 0.1118 2 6.1486×10–8

Rb 14 0.0618 0.1649 6 7.8454×10–6

Nc 7 0.0357 0.3213 6 6.1199×10–3

Dd 7 0.1071 0.3213 4 6.1199×10–3

Ce 4 0.1406 0.5625 3 9.3750×10–2

Ef 16 0.0341 0.1362 9 1.1342×10–6

Qg 13 0.1544 0.1544 1 2.0560×10–5

Gh 17 0.0732 0.1280 3 4.2997×10–7

Hi 4 0.5625 0.5625 1 9.3750×10–2

Ij 12 0.0399 0.1862 8 5.3723×10–5

Lk 30 0.0381 0.0593 6 1.2883×10–12

Kl 8 0.1682 0.2523 3 2.4033×10–3

Mm 2 0.5000 0.5000 1 5.0000×10–1

Fn 10 0.0286 0.1905 10 3.6288×10–4

Po 15 0.1569 0.1569 1 2.9863×10–6

Sp 20 0.0965 0.0965 1 2.3202×10–8

Tq 10 0.0286 0.1905 10 3.6288×10–4

Wr 2 0.5000 0.5000 1 5.0000×10–1

Ys 7 0.1071 0.3213 4 6.1199×10–3

Vt 16 0.0639 0.1362 5 1.1342×10–6

a Alanine; b Arginine; c Asparagine; d aspartic acid; e Cysteine; 
f Glutamic acid; g Glutamine; h Glycine; i Histidine; j Isoleucine; 
k Leucine; l Lysine; m Methionine; n Phenylalanine; o Proline; 
p Serine; q Threonine; r Tryptophan; s Tyrosine; t Valine
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tations lead seven probabilities to increase, seven proba-
bilities to decrease and two probabilities to be un-
changed. It can also be seen that the deceased probabili-
ties in mutations are most related to “V’’, which leads to
a dramatic decrease in the random ranks against the the-
oretical probabilities.

Table 4 shows amino acid pairs that appeared more
than twice, their numbers, measured distribution proba-
bility, maximum theoretical distribution probability and
random ranks against the theoretical distribution proba-
bility in human TNF-α, because the distribution proba-
bilities of amino acid pairs which appear once or twice
are predictable as described in the introduction and we
did not show them. It can be seen that 61% (11/18) of
distributions of amino acid pairs follow the probabilistic-
ally simplest pathway. Moreover, the remaining distribu-

tions of amino acid pairs are very close to the probabilis-
tically simplest pathway. Although we would like to
know the probabilities of distributions of amino acid
triplets, no amino acid triplet appears more than twice.

Table 5 shows amino acid pairs, their appearances,
and their random ranks related to the changes between
human TNF-α and its mutations. A mutation leads to
changes in four amino acid pairs, for example, mutation
1 leads to the change from “L’’ to “S’’ at position 105 in
human TNF-α, and “W’’ and “N’’ are at positions 104
and 106, thus mutation 1 leads to the changes from
“WL” to “WS” and “LN” to “SN”. Thus we have a total
of 32 changes with respect to these mutations. It can be
seen that the mutations cause the random rank of one
amino acid pair to decrease, the random ranks of two
amino acid pairs to increase, and the random ranks of 11
amino acid pairs to be unchanged.

Discussion

This is the second approach we are developing to use the
random principle to analyse protein primary structure.
What we had done using our first approach is (i) to use
the random principle to predict the presence and absence
of amino acid pairs and triplets in different proteins from
their amino acid compositions, (ii) to compare the pre-
dicted frequencies with the counted frequencies and (iii)
to suggest that the sequences being predictable should
not be deliberately evolved and conserved and the se-
quences being unpredictable should be deliberately
evolved and conserved. [17, 18, 19, 20, 21, 22] Using
this approach, we may suggest that the distributions with
a high random rank should not be deliberately evolved
and conserved and the distributions with a low random
rank should be deliberately evolved and conserved.

In our approaches we concentrate on the random anal-
ysis of short sequences; the probabilistic consideration is

Table 3 Amino acids, their numbers, MDP, RRTDP and their tendencies in eight mutations compared with those in human TNF-α
(parentheses)

Amino acid Number MDP Tendencya RRTDP Tendencya

Mutation 1 L 29 (30) 0.0453 (0.0381) ↑ 3 (6) ↑
L→S in 105 S 21 (20) 0.0954 (0.0965) ↓ 1 (1) –

Mutation 2 R 13 (14) 0.1158 (0.0618) ↑ 3 (6) ↑
R→W in 108 W 3 (2) 0.6667 (0.5000) ↑ 1 (1) –

Mutation 3 L 29 (30) 0.0453 (0.0381) ↑ 3 (6) ↑
L→F in 112 F 11 (10) 0.0539 (0.0286) ↑ 7 (10) ↑

Mutation 4 A 18 (19) 0.0748 (0.0895) ↓ 4 (2) ↓
A→V in 160 V 17 (16) 0.0041 (0.0639) ↓ 31 (5) ↓

Mutation 5 S 19 (20) 0.0373 (0.0965) ↓ 9 (1) ↓
S→F in 162 F 11 (10) 0.0539 (0.0286) ↑ 7 (10) ↑

Mutation 6 V 15 (16) 0.0062 (0.0639) ↓ 22 (5) ↓
V→A in 167 A 20 (19) 0.0422 (0.0895) ↓ 5 (2) ↓

Mutation 7 V 15 (16) 0.0062 (0.0639) ↓ 22 (5) ↓
V→D in 167 D 8 (7) 0.2523 (0.1071) ↑ 1 (4) ↑

Mutation 8 E 15 (16) 0.0028 (0.0341) ↓ 33 (9) ↓
E→K in 222 K 9 (8) 0.1967 (0.1682) ↑ 1 (3) ↑

a ↑ , ↓ and – are the random rank to increase, to decrease and unchanged, respectively

Table 4 Amino acid pairs that appeared more than twice, their
numbers, MDP, MTDP and RRTDP in human TNF-α

Amino acid Number MDP MTDP RRTDP
pair

AN 3 0.1111 0.6667 3
AE 5 0.3840 0.3840 1
AL 3 0.2222 0.6667 2
EG 3 0.6667 0.6667 1
GQ 3 0.6667 0.6667 1
GV 3 0.2222 0.6667 2
LA 3 0.6667 0.6667 1
LI 3 0.6667 0.6667 1
LL 4 0.5625 0.5625 1
LF 4 0.1875 0.5625 2
LS 4 0.0938 0.5625 4
PQ 3 0.6667 0.6667 1
PS 3 0.1111 0.6667 3
QL 3 0.6667 0.6667 1
RD 3 0.6667 0.6667 1
SR 3 0.2222 0.6667 2
VA 3 0.6667 0.6667 1
YL 3 0.6667 0.6667 1
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that the long sequences are predictable and the biological
consideration 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 se-
quence) are often diagnostic of certain binding properties
or active sites. [23] It is therefore considered important
to analyse the short sequences by our approaches.

We could not use the approach used in this study to
correlate the protein mutations with their biological impli-
cations although our other approach can do so, [17, 18, 19,
20, 21, 22] because the biological implications of muta-
tions are the consequence of mutations while our approach
is concerned with the probabilistic cause of mutations.

Our random analysis is different from random genetic
drift, which is related to the evolution in a population
and determined by three main parameters: the size of the
population, the underlying substructure of the population
and the mutation rate and is calculated using the 
Hardy–Weinberg law, whereas our approach provides a
quantitative estimation on single protein.

In this study, we notice that the distribution probabili-
ties for most amino acids and amino acid pairs are at or
very near to the probabilistically simplest distribution,

which is not a homogenous distribution along a protein,
but rather a heterogeneous distribution along a protein.
Such a heterogeneous distribution with a high probabili-
ty may provide the base for the protein function.

The results show that mutations can lead to the in-
creased and decreased distribution probabilities of amino
acids and amino acid pairs. From a probabilistic view-
point, an increased distribution probability means that
the mutation is more likely to occur spontaneously,
whereas a decreased distribution probability means that
the mutation is less likely to occur spontaneously and
perhaps is more related to a certain cause. In fact, a mu-
tation often leads to both distribution probabilities of re-
placed amino acid and replacing amino acid to increas-
ing, for example, mutation 2 in Table 3. In such a case,
the mutation causes both distribution probabilities to in-
crease along the probabilistically simplest pathway, al-
though their random ranks against the theoretical distri-
bution probabilities are unchanged.

We can know the magnitude in distribution probabili-
ty between human TNF-α and its mutations as stated in
the Materials and methods section, for example, the dis-
tribution of “L’’s in mutation 1 has about 1.1890

Table 5 Amino acid pairs, their appearances and their random ranks (in parentheses) related to the changes between human TNF-α and
its mutations

Amino acid Normala I II III IV V VI VII VIII Tendencyb

pair

LN 1 (1) 0
SN 0 1 (1)
WL 1 (1) 0
WS 0 1 (1)
RA 1 (1) 0
RR 2 (1) 1 (1) –
RW 0 1 (1)
WA 0 1 (1)
AL 3 (2) 2 (1) ↑
AF 0 1 (1)
LL 4 (1) 3 (2) ↓
FL 2 (1) 3 (1) –
AV 2 (1) 1 (1) –
IA 2 (1) 1 (1) –
IV 1 (1) 2 (1) –
VV 2 (1) 3 (1) –
FY 0 1 (1)
SY 1 (1) 0
VF 1 (1) 2 (1) –
VS 1 (1) 0
AN 3 (3) 4 (2) ↑
KA 0 1 (1)
KV 1 (1) 0
VN 1 (1) 0
DN 1 (1) 2 (1) –
KD 0 1 (1)
KV 1 (1) 0
VN 1 (1) 0
AE 5 (1) 4 (1) –
AK 1 (1) 2 (1) –
ES 2 (1) 1 (1) –
KS 1 (1) 2 (1) –

a If the random ranks are different from the human TNF-α, they
are presented in parentheses in related mutations

b ↑ , ↓ and – are the random rank to increase, to decrease and un-
changed, respectively. I, II, III, IV, V, VI, VII and VIII are muta-
tions 1, 2, 3, 4, 5, 6, 7 and 8, respectively
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(0.0453/0.0381) times higher chance to occur than that in
human TNF-α (Table 3).

Although it is generally considered that proteins do
not have random distributions of amino acids, our ap-
proach does show such random distributions. Perhaps
natural selection goes along the probabilistically simplest
line, but much work is needed to test various hypotheses.
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