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Abstract DNA translation to the protein sequences determines the common usage of gene name as the
enzyme identifier. The previously constructed single-family-member phylogenetic trees are produced
by the pair alignment. The alignments strictly depend upon the user-defined parameters and algorith-
mic peculiarities, such as but not limited to: homology matrix, initial gap penalty value and gap elon-
gation function. his rises the necessity to create complete clusterization which reflects the protein
primary structure reteonships. This protein-basedusterization should be made using the objective

pair alignment. The standard dynamic alignment procedure is modified in order to discriminate be-
tween the suboptimal resulting scores. The special function treats the presence of continuous matching
n-tuples as a good property of alignment. Pair alignment is objectified by finding the optimal gap
penalty, that allows to get the maximal difference in identity between random and relative sequences.
The method is applied to the cytochrome P450 superfamily. Our sample also contained 15 nitric oxide
synthases and 30 random sequences. The similarity matrix, obtained by objective pair alignment, is
worked up by standard UPGMA method.
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two genes are responsible for production of more than 20
different proteins. Theame situation is observed in fami-
o N lies 19, 52, 51. Besides, the attempts to define the digital
Cytochrome P450 superfamily is now classified to 481 genegontiers of family and subfamily reveal rather many excep-
and 22 pseudogenes. However, the authoris original assumgons: the incorporation of more distant species decrease the
tion, that each gene of P450 almost always produces ongentity from 40% to 30-34% and from 55 to 46% for fam-
protein, is not always correct [1]. Several families and subily and subfamily respectively. It is quite obvious, that these
fa}m|I|es, in wh.|ch one gene is responsible fpr prqducﬂon olalues depend both upon the applied method of pair align-
different proteins, are found. For example, in family 1, only jent and upon the calculation of the gap penalty value [2].
In our opinion, the proposed objective pair alignment pro-
cedure allows to obtain more stable clusterization of pro-
— teins and to reduce the number of exceptions. The obtained
Correspondence tdA. Lisitsa clusters of proteins should be regarded as objective analogs
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of genetic (sub)families. Later on, cytochrome P450 proteithe program chooses one of such isomorphic results by means
are assumed to be ranked in accordance with their distaofcthe F function. From suboptimal alignments the one, that
from consensus sequences of subfamilies, families asitbws maximal F is selected. The function F is calculated
superfamily in hierarchical way. after the alignment is completed. It analyses the pair align-
ment consensus, which contains the matching amino acids,
mismatches and ga. Thefunction F evaluates the coincid-
ing n-tuples instead of the separate amino acids. It is be-
lieved, that the greater number and/or length of n-tuples is a
) ) . ) . positive criterion for the alignment quality.

The program ENTRY is written in C and compiled with the £or the given consensus of length L one can calculate the
Borland Turbo_ c20 compl!er. It can bg executed under bability fp, of observing two amino acids without gaps
DOS 3.x or higher. The minimal requirements are: PC3&&tween them as p0=(N-1)/(L-1), where N represents the
640KB RAM, N2/100 KBytes free disk space (N-number ¢fymbper of matches. In other words, pO is the probability of

entries in the sample). Our sample, containing approximatg{ appearance of duplet in the alignment consensus. Thus,
500 entries, is analyzed on a Pentium Pro 200MHz. the function is calculated by the formula:

System

F=logy n(ypol'™ 1< <L
Algorith
gorithm where n(l) is the number of n-tuples of length I. If there is

. . . only single duplet (i.e. I=2, n(l)= 1) in the consensus, then
It is known, that standard dynamic programming may pre=|oq n0. The extension of n-tuple leads to linear increase of
duce several suboptimal alignments [3]. Hence, first of all,
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Figure 1 Dependence of Identity (left box) aaright box) blue - Identity andF for random sequences, green - differ-
on gap penalty. Solid black line - Identity aRdor distant ence @identity andiF), red - ratiosignal”/"noise” ( ridentity
relatives; solid lines - e-randoms, dotted lines - c-randoma&nd rF).
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Figure 2 Comparison of objective protein clusterization witlseparated to four subfamilies and, moreover, 51A00SOB con-
common genetic classification (GC). The differences betwaétutes the other family - 63. Plant proteins (73, 76, 83, 75,
objective protein clusterization and common genetic clas9B, 89, 72) follow GC. 71C splits off as family 93, former
fication are selected using black background. Proposed n&8A joins to 75 family and 89 joins 77. Most of animal family
protein names are at the left of scheme in italic. All bacterialmembers (2L subfamily probably represents the separate
cytochromes (exceptions are 102A and 117A, which appéanily 28) really belongs to one family. 2H and 2E appeared
among fungi and plants) form the separate families at tteebe a part of large 2C subfamily. 2A and 2G are also com-
beginning of the scheme. The distinctions with GC are: 10b#ed to single subfamily. Rest subfamilies of family 2 are
joins 107 family as 107D subfamily, former 107E, D joinzreserved. Subfamilies 72A,B,C are unified to single 72A
105 family. The identity analysis of 55A proteins undoulstbfamily. With small exceptions (6D1MD makes up new fam-
edly shows, that they also belong to 105 family. Besides, 10yR29, 9A and 6B join family 3, families 4 and 11 are inter-
is treated as new 119 family. On contrary to GC family 51 nslly rearranged) the rest of clusterization fits GC.
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proposed function: F~(I-1). The increase of n-tuples quantif/penalty value. The difference is small when the values of
leads to logarithmic function increase: F~log(n(l)*p0).  gap penalty are less than 2, maximum is attained at 4.9 _1.1
The described behavior of F function reflects two obviotdisr e-randoms and even more (6.6_1.1) in the case of c-ran-
assumptions. First, the statistical probability of random cdem sequences. One interesting peculiarity is revealed here:
incidence of many n-tuples in different parts of the aligithe "signal"/"noise" ratio is much higher, when the random
ment is rather low, so the prize is logarithmically increaseskquences are generated from the equiprobable composition
Second, the probability of the random occurrence of the lomtdentity = 0.6), compared to the ratio in the case of c-
n-tuple is decreasing with the growth of its length, so th@ndoms (ldentity = 0.3). This fact shows, that protein rela-
prize is linearly increased. Thus, function F treats the exigbns are revealed in amino acid composition as well as in
ence of long-stretched n-tuples as more valuable propertysefjuence. Later on, determining the identity, we used the
an alignment than the great amount of short n-tuples. initial gap penalty equal to 6.5 because in all cases we ob-
In spite of function F determines the optimal alignmergerve the highest possible difference between random se-
one should realize, that F is calculated a posteriori, sajitences and P450s and ratio Esignali/inoisei is 0.55.
doesnit drive the alignment procedure. This restricts the us-rF also exhibits the maximum in the range of gap penalty
age of F function as alternative estimate to the identity. value from 5.5 to 6.5. The above conclusion, that &b r
Further step in creation of the objective pair alignmenttisnship is contained in the amino acid composition itself, is
the choice of optimal gap penalty. We consider the optinmice again verified: rFe-randoms > rlaoydoms. The ratio
alignment parameter as the one, that allows the largest Hiignali/inoisei reaches 1.0 and 0.6 for e- and c-randoms re-
ference in identity between random generated and relatgectively. That is significantly higher in comparison with
sequences. Two types adindom sequences are used. Thbe ratio values for the identity (0.6 for e-randoms and 0.3
random sequences of first type (e-randoms) are generateéborc-randoms).
the basis of equiprobable amino acid composition. The ran-The similarity matrix for all proteins of superfamily is
dom sequences of second type (c-randoms) are generhtéld using the alignment tuned in the above mentioned way.
using the amino acid average composition of the cytochrontegept for P450s and NOS, 10 c-randoms and 20 e-randoms
superfamily. are included to sampling. Similarity matrix is processed by
15 cytochrome P450 sequences, which showed the idelassic procedure UPGMA (Unweighted Pair Group Mean
tity less than 30% , are selected for the analysis. The prokgthmetic) [5], according to which the distance DAB be-
dure runs from zero gap penalty to 15 with step 0.5. Edeleen cluster A of n elements and cluster B of m elements is

step includes: calculated by the formula:
« calculation of all possible pair alignments between 15 D.
relative sequences ( (15-15-15)/2=105 alignments); Dpg = Z_”
« calculation of the same number of pair alignments for e- ntim
randoms;
« calculation of the same number of pair alignments for c- D; is the distance between i-element hfster Aand j-
randoms; element of cluster B. Clusters spaced at a minimal distance

« calculation of the arithmetic averages of the score, idexte combined into one at each step of algorithm.
tity and function F for relatives, e-randoms and c-randoms; The agreed-upon values, 40% and 55% for family and
The unit substitution matrix is applied to produce the paubfamily respectively, were the starting point in finding of
alignments. The gap penalty for the next insertion numbeahé cut-off limits [6]. Analysis of the obtained results dis-
is calculated by the formula[4]: played, that the best agreement between genetic classifica-
tion [1] and our clusterization is observed, when identity limit
is decreased from 40% to 37% for families and from 55% to
Every time the random sequence is used it is generate®4f% for subfamilies. Under this conditions 56 clusters con-
novo. stituting various P450s families and 105 clusters of sub-
The case of comparison of two random sequences is clamilies were constantly revealed here. The dependence of
sidered as a statistical or evolutionary "noise". On the otlgdustersi quantity on the identity percentage sharply decreases
hand, the comparison of two relative sequences is considexe86%. It allows to define 96% as the identity value for pro-
as a mixture of "signal" and "noise". The supreme goal of ftééns probably produced by allelic genes.
described procedure is to detect the gap penalty, that allows
the maximal domination of the "signal” over the "noise". The
difference () between the "signal"+"noise" and "noise" i : :
calculated for each of the alignment outputisiéntity and Results and discussion

dF). In the above terms, d is the pure "signal" without "noise".

Taking into the account, that the preferable situation is chafogram. In the most simple case the program demands only
acterized by high "signal" and low "noise", the ratio "sidhe file with protein sequences in FASTA format. The pack-

nal"/"noise” ¢) is calculatedr{dentity andrF). age isnit devoted only for the gap penalty choice by "signal"/

Figure 1 shows the dependenceliientity anddF on the "noise" analysis of identity. The module, that compares se-
gap penalty value. It can be seen, theentity is a function GUeNces, is designed as external program, which can be re-

GapPenalty(i)= InitialGapPenaltye0-1{1
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placed by the user-defined one. The existing modules for idére cluster of cytochrome family 51 splits off at approximately
tity and F calculation provide the interface between ENTR¥e same level.
and standard the Needleman-Wunsch algorithm. It is possi-The obtained clusterization is stable and does not change
ble to compute more modules of this kind, which will serwghen the sequences got mixed up. The clusters’ position has
as gates to widely-used pragns. The namber and type of changed one relative to another only, but no changes and
parameters are also the variable subjects. redistributions of sequences among the family clusters or
Parametric alignments. The considerable disagreemeunithin the subfamilies of one and the same cluster have oc-
about how to weight and penalize the alignment matches anded. In fact, a major advantage of obtained clusterization
gaps involves the conception of the optimal alignment, whichthat it is quite objective, well reproducable and can be
is expected at some definite parameters. In absence of sadttieved in fully automatized mode. The main problems of
theory the empirical methods can be used. The idea realitedapplication are the disagreements between our clusters
in parametric alignments is to partition the parameter spacel genetic classification, which is well known and widely
into regions so, that in each region the alignment is optimeled in this field. Thus, despite the advantages, its applica-
throughout [7]. The maximal score is considered as the opittn will be impeded. But how may be resolved this contra-
mal one. The analysis of statistical significance of similaiction? In our opinion, the clusterization we suggest may be
ties obliges to reject the absolute values in favor of the tiee basis of hierarchical proteins’ ranking with consequent
lated to random ones [8]. The combination of parametric aagsignment of three positional codes [10]. These codes are
statistical approaches is the key feature of proposed prgmejection of the multidimensional space of pair similarities
dure. to the single axis, with incorporation of biologically signifi-
Homology estimate. Homology is the qualitative concepant information about families and sabfilies. These codes,
tion, which is assessed by different quantitative methods. Thgether with the genetic names can be used for the auto-
evaluation of local scores and analysis of low-complexityatic designation of each cytochrome P450, avoiding mis-
regions [9] are suitable for searching the query sequetakes in their names.
homologue through large database. This is explained by the
extreme diversity of analyzed information. Cytochrome P450
superfamily is characterized by long and weak homc’lo%ferences
that is why the global alignment is used. As far as our task' IS
to determine the boundaries of families and subfamilies quan-
titatively, we used the identity as protein homology infer-
ence. It assists the comparison of the obtained results with
the published ones [1].
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