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In this data-based theoretical analysis, we use a random
approach to analyse amino acid pairs in human Bruton’s
tyrosine kinase (BTK) in order to determine which amino
acid pairs are more sensitive to 112 variants with
missense mutant in human BTK. The rationale of this
study is based on our hypothesis and previous findings
that variance is more likely to occur at randomly
unpredictable amino acid pair position rather than at
randomly predictable positions. This is reasonable to
argue, as randomly predictable amino acid pairs are less
likely to be deliberately evolved, whereas randomly
unpredictable amino acid pairs are probably deliberately
evolved in connection with protein function. A 91.96% of
112 variants occurred at randomly unpredictable amino
acid pairs, which account for 72.49% of amino acid pairs
in BTK, and the chance of a variant occurring is 3.4-fold
higher in randomly unpredictable amino acid pairs than
in predictable ones. Thus randomly unpredictable amino
acid pairs are more sensitive to variance in human BTK.
The results also suggest that the human BTK has a
natural tendency towards variants.

Keywords: Agammaglobulinemia; Bruton’s tyrosine kinase;
Probability; Randomness

INTRODUCTION

The frequency of amino acid pairs has been
introduced to predict protein secondary structure
content [1,2]. In the past, we have used two
probabilistic approaches to analyse the primary
structure of proteins related to different diseases
(for review see Ref. [3]). In general, our first approach
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can predict the presence and absence of amino acid
sub-sequences in a protein primary structure. We
argue that the randomly predictable present and
absent sub-sequences were probably not deliberately
evolved, whereas the randomly unpredictable pre-
sent and absent sub-sequences were more likely to be
deliberately evolved. Accordingly, our first approach
can classify the present amino acid sub-sequences as
randomly predictable and randomly unpredictable
sub-sequences. We suggest that the randomly
unpredictable amino acid sub-sequences are more
related with protein function and the variants are
more likely to occur at randomly unpredictable
amino acid sub-sequences rather than at randomly
predictable amino acid sub-sequences.

Recently, we used our approach to analyse the
amino acid pairs in human haemoglobin « chain
[4] and phenylalanine hydroxylase protein [5] to
determine which amino acid sub-sequence is more
sensitive to variance. The results show that
randomly unpredictable amino acid pairs are
more sensitive to variance. An intriguing question
is brought about whether these phenomena are
occasional or they represent some general sense.
Thus, further studies are needed in order to obtain
more information regarding this aspect.

Bruton’s tyrosine kinase (BTK) plays a crucial
role in signal transduction pathways [6,7].
Mutations in the gene encoding BTK are the
cause of X-linked agammaglobulinemia (XLA),
which is the prototype immunodeficiency disease
and specifically affects the B-lineage [8-10].
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The majority of these patients have normal levels
of pre-B cells in their bone marrow but virtually
no circulating mature B-lymphocytes. This results
in a lack of immunoglobulins of all classes and
leads to recurrent bacterial infections [11-13]. So
far, 115 variants in human BTK are documented in
the Swiss-Protein data bank [14]. Of all variants,
112 belong to missense point mutations, two are
small deletions of one amino acid and the last one
is insertion of several amino acids.

In this study, we attempt to use a random
approach to analyse amino acid pairs in human
BTK with its 112 variants with missense mutants in
order to determine which amino acid pairs are more
sensitive to the variants.

MATERIALS AND METHODS

The amino acid sequence of the human BTK and its
112 variants with missense point mutants was
obtained from the Swiss-Protein data bank [14]
(access number Q06187, due to the limitation of
space, we will not cite the numerous references
related to human BTK). The detailed calculations
and rationales have already been published in a
number of our previous studies (for a review, see
Ref. [3]). Briefly, the calculation procedure with its
examples is as follows.

Amino Acid Pairs in Human BTK

The human BTK consists of 659 amino acids. The
first and second amino acids are counted as an
amino acid pair, the second and third as another
amino acid pair, the third and fourth, until the
658th and 659th, thus, there are a total of 658 amino
acid pairs. In general, there are 20 types of amino
acids, any amino acid pair can be composed from
any of 20 types of amino acids so, theoretically,
there are 400 (20%) possible amino acid pairs. Again
there are 658 amino acid pairs in human BTK,
which are more than 400 types of theoretical amino
acid pairs, clearly some of 400 types of theoretical
amino acid pairs should appear more than once.
Meanwhile we may expect that some of 400 types of
theoretical amino acid pairs are absent from human
BTK.

Actual Frequency and Randomly Predicted
Frequency in Human BTK

The randomly predicted frequency is calculated
according to a simple permutation principle [15]. For
example, there are 34 arginines (R) and 57 leucines
(L) in human BTK, the random frequency of amino
acid pair “RL” would be 3 (34/659 X 57/658 X 658 =
2.941). Actually we can find 3 “RL”s in human BTK,

so the actual frequency of “RL” is 3. Hence we have
3 relationships between the actual and predicted
frequencies, i.e. the actual frequency is smaller, equal
to and larger than the predicted frequency,
respectively.

Randomly Predictable Present Amino Acid Pairs

As described in the last section, the predicted
frequency of randomly present amino acid pair
“RL” would be 3 and “RL” does appear 3 times in
human BTK, so the presence of “RL” is randomly
predictable.

Randomly Unpredictable Present Amino Acid
Pairs

There are 36 glutamines (G) in human BTK, the
frequency of random presence of amino acid pair
“RG” would be 2 (34/659 X 36/658 x 658 = 1.857),
i.e. there would be 2 “RG”s in human BTK. But in
fact the “RG” appears 4 times in human BTK, so the
presence of “RG” is randomly unpredictable. In this
case the actual frequency of “RG” is larger than the
predicted frequency of “RG”. In other case the actual
frequency is smaller than the predicted frequency.
For example, there are 58 glutamic acids (E) in
human BTK and the randomly predicted frequency
of “RE” is 3 (34/659 x 58/658 x 658 = 2.992), while
the actual frequency is only 1.

Randomly Predictable Absent Amino Acid Pairs

There are 29 alanines (A) and 11 tryptophans (W) in
human BTK, the frequency of random presence of
“AW” would be 0 (29/659 x 11/658 x 658 = 0.484),
i.e. the amino acid pair “AW” would not appear in
human BTK, which is true in the real situation. Thus
the absence of “AW” is randomly predictable.

Randomly Unpredictable Absent Amino Acid
Pairs

There are 40 valines (V) in human BTK, the fre-
quency of random presence of “RV” would be 2
(34/659 x 40/658 X 658 = 2.064), i.e. there would be 2
“RV”s in human BTK. However there is no “RV” in
human BTK, therefore the absence of “RV” from
human BTK is randomly unpredictable.

Variants in Randomly Predictable and
Unpredictable Amino Acid Pairs

A variant with point mutation results in two amino
acid pairs being substituted by another two pairs.
After calculating the predicted frequency and
comparing with the actual frequency, it can be
determined that the substituted amino acid pairs
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TABLE I Appearance of theoretical types of amino acid pairs in
human BTK

Appearance Number of theoretical types of amino acid pairs

N U B WN RO
N
a1

belong to predictable/unpredictable amino acid
pairs.

Difference Between Actual and Randomly
Predicted Frequencies

For the numerical analysis, we calculate the
difference between actual frequency (AF) and
predicted frequency (PF) of affected amino acid
pairs, i.e. X(AF — PF). For instance, a variant at
position 307 substitutes “R” to “T” which results in
two amino acid pairs “VR” and “RD” changing to
“VT” and “TD”, because the amino acid is “V” at
position 306 and “D” at position 308. The actual
frequency and predicted frequency are 2 and 2 for
“VR”,3and 1 for “RD”, 1 and 2 for “VT”,and 0 and 1
for “TD”, respectively. Thus, the difference between
actual frequency and predicted frequency is 2 with
regard to the substituted amino acid pairs,
ie.(2—-2)4+ (3 —1)=2, and —2 for the substituting
amino acid pairs, i.e. (1 —2)+ (0 — 1) = —2. In this
way, we can compare the frequency difference in the
amino acid pairs affected by variants.

RESULTS

General Information on Amino Acid Pairs and
Variants in Human BTK

Of 400 types of theoretical amino acid pairs, 107 are
absent from human BTK including 20 randomly
predictable and 87 randomly unpredictable.
Consequently, 658 amino acid pairs in human BTK

include only 293 types of theoretical amino acid pairs
(400 — 107 = 293), i.e. some amino acid pairs should
appear more than once (Table I).

Of 293 types of theoretical amino acid pairs in
human BTK, 107 types are randomly predictable and
186 are randomly unpredictable. As mentioned
above, some types of amino acid pairs appear more
than once, thus, of 658 amino acid pairs in human
BTK, 181 pairs are randomly predictable and 477
pairs are randomly unpredictable. Therefore, the
number of variants occurring with respect to these
amino acid pairs in human BTK can be detected by
probability (Table II).

Variants of Human BTK in Randomly Predictable
and Unpredictable Present Amino Acid Pairs

As mentioned in “Materials and methods” section, a
point mutant protein leads to two amino acid pairs
being substituted by another two and their actual
frequency can be smaller, equal to or larger than the
predicable frequency. Tables III and IV detail the
situations related to substituted and substituting
amino acid pairs, respectively and the relationship
between their actual and predicted frequencies.

Table III can be read as follows. The first column
classifies the substituted amino acid pairs into
randomly predictable and unpredictable. The second
and third columns show in which type of amino acid
pairs the variant occurs, for example, the first two
cells in columns 2 and 3 indicate that the actual
frequencies are equal to the predicated frequencies in
both amino acid pairs I and II. The fourth and fifth
columns indicate how many variants occur in amino
acid pairs I and 1I, for instance, 9 variants (8.04%)
occur at both amino acid pairs whose actual
frequencies are equal to predicted frequencies. The
sixth column indicates the percentage of 112 variants
occurring at predictable and unpredictable amino
acids.

Tables II and III show that 91.96% of variants occur
at randomly unpredictable amino acid pairs and
only 8.04% of variants occur in randomly predictable
amino acid pairs. These results mean that 186 types
of randomly unpredictable present amino acid pairs
account for 91.96% variants in human BTK, whereas
107 types of randomly predictable present amino
acid pairs account for only 8.04%. The phenomena

TABLE I Occurrence of variants with respect to randomly predictable and unpredictable amino acid pairs in human BTK

Types Pairs Variants Ratio
Amino acids Number (%) Number (%) Number (%) Variants/ Types Variants/Pairs
Predictable 107 36.52 181 27.51 9 8.04 9/107 = 0.08 9/181 = 0.05
Unpredictable 186 63.48 477 72.49 103 91.96 103/186 = 0.55 103/477 = 0.22
Total 293 100 658 100 112 100 112/293 = 0.38 112/658 = 0.17
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TABLE III  Classification of substituted amino acid pairs induced by variants in human BTK

Amino acid pairs Variants

BTK I I Number (%) Total (%)
Predictable AF = PF AF =PF 9 8.04 8.04
Unpredictable AF > PF AF > PF 24 21.43 91.96

AF > PF AF =PF 49 43.75

AF > PF AF <PF 16 14.29

AF < PF AF =PF 11 9.82

AF <PF AF < PF 3 2.68

AF, actual frequency; PF, predicted frequency.

support our rationale that the variants are more
likely to occur at randomly unpredictable amino acid
pair positions rather than at randomly predictable.
Thus, the randomly unpredictable amino acid pair
positions are more sensitive to the variants.

When looking at the unpredictable amino acid
pairs in Table III, 79.46% of these pairs are
characterised by one or both substituted pairs
whose actual frequency is larger than their predicted
frequency (the first three rows in unpredictable
pairs). Comparing with the normal human BTK, the
impact of variants is to narrow the difference
between actual and predicted frequencies by means
of reducing the actual frequency, which implies that
the variants associated with the construction of
amino acid pairs is randomly predictable. In other
words, the variants result in the construction of
amino acid pairs that are more likely to be naturally
evolved. Also three variants occur in the amino acid
pairs whose actual frequency is smaller than
predicted frequency in both pairs. This interesting
phenomenon suggests that it is difficult for variants
to narrow the difference between actual and

TABLE IV Classification of substituting amino acid pairs
induced by variants in human BTK

Amino acid pairs Variants

Total
I I Number (%) (%)
AF=0,PF>0 AF=0,PF>0 5* 446 4196
AF=0,PF>0 AF=PF=0 0* 0
AF=0,PF>0 AF=PF>0 8* 7.14
AF=0,PF>0 AF < PF, AF # 0 8* 7.14
AF=0,PF>0 AF > PF 21% 18.75
AF=PF=0 AF=PF=0 0 0
AF=PF=0 AF=PF>0 2 1.79
AF=PF=0 AF <PF, AF # 0 0* 0
AF=PF=0 AF > PF 3 2.68
AF <PF,AF#0 AF<PF,AF#0 5* 446 58.04
AF<PF,AF#0 AF=PF>0 17* 15.18
AF <PF,AF#0 AF>PF 9* 8.04
AF=PF>0 AF=PF>0 7 6.25
AF > PF AF > PF 14 12.50
AF=PF>0 AF > PF 13 11.61

“Indicates the substituting amino acid pairs with their actual frequency
smaller than predicted frequency. The total of these amino acid pairs is 73
(65.18%).

predicted frequencies by means of increasing
the actual frequency. Commonly, reduction of actual
frequency would lead to the construction of amino
acid pairs against natural direction.

Table IV can be read as follows. The first and
second columns indicate the actual and predicted
situations in amino acid pairs I and II, the third and
fourth columns indicate the number of variants
occurring at amino acid pairs I and II and their
percents, the fifth column shows total classifications.

Table IV shows that 41.96% of variants result in
one or both substituting amino acid pairs are absent
in normal human BTK (AF = 0). Furthermore 65.18%
of variants target one or both substituting amino acid
pairs with their actual frequency smaller than
predicted frequency (see Table IV footnote). These
phenomena indicate that the amino acid pairs in
mutant BTK are more randomly constructed.

Frequency Difference of Amino Acid Pairs
Affected by Variants

The difference between actual and predicted fre-
quencies represents a measure of randomness of
construction of amino acid pairs, i.e. the smaller the
difference, the more random the construction of
amino acid pairs. In particular, (i) the larger the
positive difference, the more randomly unpredict-
able amino acid pairs are present; and (ii) the larger
the negative difference, the more randomly unpre-
dictable amino acid pairs are absent.

Considering all 112 variants, the difference
between actual and predicted frequencies is 1.17 =
0.15 (mean * SE, ranging from —2 to 8) in
substituted amino acid pairs. This means that the
variants occur in the amino acid pairs which appear
more than their predicted frequency. Meanwhile, the
difference between actual and predicted frequencies
is —0.02 = 0.19 (mean * SE, ranging from —4 to 6) in
substituting amino acid pairs. This implies that the
substituting amino acid pairs are more randomly
constructed in the variants of BTK, as their actual
and predicted frequencies are about the same.
Striking statistical difference is found between
the substituted and substituting amino acid pairs
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FIGURE 1 Frequency difference between substituted and
substituting amino acid pairs induced by variants of human BTK.

(P <0.0001). Figure 1 shows the distribution of
difference between actual and predicted frequencies.

DISCUSSION

Currently two explanations are commonly proposed
to explain why some amino acids are mutated more
frequently than the others. The first is targeted
mutagenesis, which defined the “hotspot” sites
sensitive to endogenous and exogenous mutagens
[16—18]. The second is the function selection, which
indicates the disruption of protein functions may
depend upon the position of the mutation/variant in
the protein [19-21]. However these explanations still
do not answer why some amino acid sub-sequences
are sensitive to variants.

This problem can be assessed from different
approaches such as empirical (regression analysis),
experimental (artificial and natural mutations) and
computation (multiple sequence comparisons and
alignments), etc. The probabilistic approach can
contribute considerable understanding to this pro-
blem. By means of a random approach to estimate
the variants from human haemoglobin « chain [4]
and phenylalanine hydroxylase protein [5], we find
that 94% of variants occur in randomly unpredict-
able amino acid pairs. In this study we, correspond-
ingly, analyse the amino acid pairs in human BTK to
determine which amino acid pairs are more sensitive
to variants. The results are quite similar to the
previous studies and confirm our hypothesis that the
randomly unpredictable amino acid pairs are more
sensitive to variants.

Based on our previous studies, our argument is
that the functional amino acid pairs are more likely
to be deliberately evolved and thus the actual
frequency should be different from the randomly
predicted frequency. As the randomly predicted
frequency is the highest potential for construction of

amino acid pairs, it is important to find whether the
variant leads to the actual frequency to approach the
randomly predicted frequency. If so, the protein has
a natural trend to mutate; if not, the protein does not
have a natural trend to mutate. The present study
demonstrates that 79.46% of variants bring about one
or both substituted amino acid pairs whose actual
frequency is larger than predicted frequency, that
41.96% of variants result in one or both substituting
amino acid pairs which are absent in normal human
BTK (AF = 0) and that 65.18% of variants lead to one
or both substituting amino acid pairs with their
actual frequency smaller than predicted frequency.
All of these results reveal that the human BTK has a
natural trend to variance.

With respect to randomly unpredictable absent
and present amino acid pairs, the difference between
actual and predicted frequencies is interesting,
because the randomly predicable absent and present
frequency represents the more likely naturally
occurring event, i.e. the construction of amino acid
pairs should be the least energy- and time-consum-
ing. Thus, the difference between actual and
predicted frequencies should be engineered by the
evolutionary process, i.e. the larger the difference,
the larger the impact by the evolutionary process.
Diminishing of difference between actual and
predicted frequencies has been shown in this study
(Fig. 1), thus the variants of human BTK in fact
represent a degeneration process inducing XLA.

The current study highlights the changes in the
frequency of amino acid pairs in mutant human BTK.
In general, missense point mutations modify the
configuration of amino acid pairs in a protein, which
could target the changes in the secondary structure
contents and consequently affect biological functions
of the protein. Thus, our approach may provide
useful insight into the molecular mechanisms of
XLA.

We are trying to explore an interesting aspect
regarding which amino acid sub-sequences are more
or less sensitive to variants. If such a general rule
could be drawn, then we could gain not only more
insight into the relationship between protein variants
and its related disorders but, more importantly
we could offer more attention to these sensitive
sub-sequences in order to prevent them from
variants. Moreover, the possible sub-sequences
sensitive to the, currently, unknown variants could
be predicted.
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