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Aim. To carry out a comparison analysis of nucleotide sequences for the cytochrome P450 2E1 protein
ortologs genes and re- establish the connection of gene evolution with nucleotide con- tent. Methods. In
silico: BLAST, ClustalW, MEGA4, PHP. Results. A general phylogeny of CYP2EI genes is described. The
most affinity is found for human translated sequences with Pan troglo- dytes. The transition C > T is the
most often, it occurs in introns by 2.6 times more than in exons. The correlation of keto-amino skew of
CYP2E] genes and evolution age of species is stated. Conclusions. The analysis carried out in the paper
allows us to assume that a common ancestor of the CYP2E1 protein isoform lived before the divergence
between rodent and Primates orders, i.e. 70 million years ago. The single nucleotide substitution is
accumulated in int- rons during evolution.
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Introduction. The multigen family of cytochrome
P450 is one of the most intensively studied issues,
because it plays an important role in metabolism of
endo- and exogenous substratum. The ethanol
inducible isoform of P450 2E1 cytochrome (CYP2E1)
is of a special interest [1].

© Institute of Molecular Biology and Genetics NAS of Ukraine, 2010

The induction of Cyp2El expression leads to an
increase in the level of oxygen radicals generated by
CYP2E1, which are able to initiate the
NADPH-depended lipid peroxidation. Because of this
the cell acid-base balance is hereupon violated, and the
oxidative stress develops [2]. The interaction of the
genetic and environmental factors results in the
tissue-specific changes of synthesis and activity of
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Fig. 1. Phylogenetic tree of the P450 2E1 cytochrome genes for
human and seven mammals. Numerals mark evolutional distances
in the reference units.

Cyp2E1, which brings in a certain contribution to the
pathogeny of liver, pancreas diseases and other. [3, 4, 5].

There are some data about the impact of exogenous
factors on expression of Cyp2El [6], while the
influence of genetic factors on expression of enzyme
has not been studied enough. From the evolutional
viewpoint, the cytochrome P450 is a unique protein [7],
which survived from the primitive acrobes-prokaryotes
to the human. This allows us to believe that most
modern genes of cytochromes had a general
predecessor, existed about 2 billions of years ago [8].

An opinion exists, that the primary evolutional
function of cytochromes P450 in a cell was connected
with its participation in the plastic and power
metabolisms. The cytochrome P450 got the main
specialization as xenobiotic biotransformator about
800 million years ago, which coincides with time of
animals appearance [8].

In this paper, a comparative analysis of nucleotide
sequences of mammalian and human genes of the
Cyp2E1 orthology proteins is made for the restoration
of evolutional history of the gene and mutational
events.

Materials and methods The genomic sequences
CYP2El of human and seven mammals (Pan
troglodytes XM _508139.2, Bos taurus
NM 174530.2, Canis [lupus NM 001003339.1,
Equus caballus NM_001111303.1, Mus musculus
NM 021282.2, Rattus norvegicus NM_031543.1, Sus
scrofa NM 214421 [9] ) were used in the
investigation.

The initial alignment of nucleotide sequences was
realized by BLASTN [10] and multiple alignment was
executed by Clustal W [11]. The phylogenetic analysis
was carried out by the MEGA4 packet [12]. The anal-
ysis of single nucleotide substitutions was fulfilled by
using PHP computer language [13]. The value of
keto-amino skew (K, ) was calculated using the for-
mula K, = (NG+NT -NA -NC)/L, where NA, NG,
NT, NC are absolute quantities of corresponding nu-
cleotides in a fragment of length (L =NA + NG + NT
+ NC) [14]. The arithmetical mean values of K, for
exons and introns sequences were calculated, and the
standard error of sample was found using the formula
STD ERR=RMSD/vN, where N is the size of a sam-
ple [15].

Results and discussions The structure of the
Cyp2E1 genes coincides for the majority of studied
mammals. It consists of nine exons and eight introns. A
unique variant of mRNA Cyp2E] is described for all
species, in which the translated sequence of gene
begins in the first exon and terminates in the last one. In
spite of identical number of exons, the length of
Cyp2E1 differs for different species due to the varied
introns length.

Thus, Homo sapiens has the longest sixth intron
(due to the repetitive GGG sequence of 576 b.p.), and
Mus musculus has the longest second intron. The
structural likeness of the intron parts of CYP2E from
Rattus norvegicus and Mus musculus is of special
interest. They have around 86% similarity between the
sequences of second and sixth introns, and 93% —
between the fourth introns.

To reconstruct the evolutional history of the P450
2E1 cytochrome gene the multiple alignments of the
translated sequences were executed and a phylogenetic
tree was built (Fig.1).

It follows from Fig.1, that the evolution of CYP2E1
gene undergoes a few divergences; in particular, there
are independent ways of rodents, primates and other
mammalian genes development. It is possible that the
analyzed CYP2El genes had a common ancestor
before the division of rodents and primates that is about
70 millions years ago.

The pairwise alignments of the CYP2E exonic and
intronic sequences between each species and human
were executed and frequencies of single nucleotide
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Total frequencies of mutational events in gene CYP2E]

Name of species

Frequencies of single nucleotide substitutions

compared

with Homo sapiens Transitions Transversions

Total Insertions Deletions

Exons
Pan troglodytes 0,014 0,011
Sus scrofa 0,111 0,092
Bos taurus 0,107 0,087
Canis upus 0,119 0,098
Equus cabbalus 0,110 0,081
Mus musculus 0,132 0,095
Rattus norvegicus 0,128 0,088
Introns
Pan troglodytes 0,025 0,024
Sus scrofa 0,211 0,235
Bos taurus 0,200 0,196
Canis lupus 0,198 0,213
Equus cabbalus 0,208 0,223
Mus musculus 0,236 0,265
Rattus norvegicus 0,198 0,187

0,025 0,067 0,003
0,203 0,035 0,000
0,194 0,108 0,000
0,217 0,045 0,004
0,192 0,045 0,035
0,227 0,054 0,001
0,217 0,000 0,017
0,049 0,081 0,001
0,446 0,078 0,029
0,396 0,017 0,143
0,411 0,010 0,185
0,431 0,037 0,048
0,501 0,015 0,074
0,386 0,013 0,142

substitutions were analyzed in homologous sites to
establish the nucleotide composition changes of the
examined genes during their evolution.

Twelve possible types of single nucleotide
substitutions were estimated. It should be noted that the
substantial distinctions in frequencies of individual
types of replacements in exonic and inronic parts of
genes were found out. In particular, the A - G
transitions were observed more frequent, than the T- C
ones, and the G-A transitions were observed more
frequent than the C-T ones. The final results are
presented in Table. The substitutions are found to be
more frequent in introns, than in exons. At the same
time the transitions in exons are by 23% more frequent,
than transversions.

Rather small predominance (about 5%). of
transversions was observed in introns due to the
transition G>C, which, possibly, related to the species
features of CpG rich areas, where Cyp2E] is located.
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This fact is of special interest and requires a more
thorough research.

The fixed distinctions between nucleotide ratios in
different functional portions of genes were shown in
our previous work [14]. Indeed, the high values of the
keto-amine skew of nucleotide composition (K., )
were registered in introns. This reflects predominance
of the most frequent types of substituted nucleotides
during the spontaneous mutagenesis. In order to check
changes of K, value in evolution, we calculated the
value K . for introns and exons of Cyp2EI in each
species and compared it with early obtained data [14].
The changes in the K, value depending on the
evolutional affinity of nucleotide sequences is
presented in Fig.2.

Fig.2A shows that the introns K, ., values at
evolution remote from Homo sapiens are negative due
to the predominance of A and C. During evolution the
K value increases from -0,041+0,021 (Mus

skew
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Fig. 2. Values of K., in introns (a) and exons (b) of the CYP2E genes for eight mammals. The biological species are located on abscises in
order of their affinity to the CYP2EI gene: I — Mus musculus; 2 — Rattus norvegicus; 3 — Pan troglodytes; 4 — Homo sapiens; 5 — Equus
caballus; 6 — Canis lupus; 7— Sus scrofa; 8 — Bos taurus. The proper averages of K. are indicated on ordinate for introns (4) and exons (B).
The dotted line marks the average K., value for 10839 human genes [14].
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Fig. 3. Values K, CYP2EI introns of eight mammalian. The
divergention time (MY) of species is denoted at abscissa axis [16]:
70-Mus musculus, Rattus norvegicus; 45- Equus caballus; 30 -Bos
taurus; Canis lupus; 23- Sus scrofa; 13-Pan troglodytes; 5-Homo
sapiens. The corresponding mean K; values with standard errors are
depicted at ordinate axis.

musculus ) and -0,042+0,032 (Bos taurus ) to
0,004+0,016 (Pan troglodytes), and for Homo sapiens
it arrives 0,017+0,027. On the contrary, all the exons
K,., values are negative (Fig.2B) and similar for eight
mammalian species. This fact can be explained by the
accumulation of thymine and guanine in the loci of the
least selection pressure.

Thus, the K, value can be of particular interest for

skew

further research, because it can serve as an additional

criterion for the estimation of nucleotide sequence
evolutional age. The presented numerical analysis of
the gene sequences of P450 2E1 cythochrome
orthologous proteins allowed us to describe general
regularities of the Cyp2E1 phylogeny. We have shown
that the frequencies of single nucleotide substitutions
in the Cyp2El introns are by 2.62 times higher in
comparison with the exons .The most frequent
mutational events are transitions which come to 48% of
all single nucleotide substitutions.

J. P. fynaui, O. B. Maxcumuyk, B. I1. [{ynaui, H. A. Yawun

CpaBHI/ITeHLHHﬁ aHaJIu3 '€HOB OPTOJIOI'MYHBIX 0OelIKoB ouToXpoma

P450 2E1 yenoBeka U MIEKOMUTAIOIIUX

Pesrome

Lens. Illposecmu cpasnumenvublil AHAIU3 HYKIEOMUOHBLX NOCIe00-
6amenbHOCMEN 2eHO8 OPMONOUUHbIX 0enKkos yumoxpoma P450
2E1 u ycmanosumse c6s3b 960110YULU 2€HA C HYKIeOMUOHbIM COCMA-
eom. Memoowt. In silico: BLAST, ClustalW, MEGA4, PHP. Pe3ynb-
mambul. H3yuenvt ocobennocmu oowell ¢punocenuu ecenos CYP2E].
Haubonvuiee poocmeo mpancaupyemoi nociedo8amenbHoCmu
ecena CYP2E] Homo sapiens oonapysceno ¢ Pan troglodytes. Buoisg-
neno, umo mpansuyus C —T ecmpeuaemces 6 unmponax 6 2,6 pasza
yauje, yem 6 IK30HAX. Ycmanosnena ceazb mexncoy Kemo-amuHogol
acummempuetl cenoe CYP2E] u 26010yUOHHBIM 603PACMOM 8UOA.
Buieoowt. Ha npumepe CYP2E] noxaszano, umo 6 meuenue 360.J110-
Yuu UHMPOHHBIL COCMAG 2€HOB USMEHACMCSL 8 CHOPOHY Y8eUUeHUSs
Koauwecmea eyauuna u mumuna. Taxum obpasom, eenudumny
Kemo-amuHo8ol acumMmempu MOJICHO UCNONb306AMb KAK OONOJ-
HUMeNbHbI KpUmepuil 360110YUOHHO20 AHANU3A.

Kanioueswie cnosa: yumoxpom P450 2E1, CYP2E1, mpan3uyuu,
Gunozenus, acummempuu HyKI1eoOmuOH020 CoCmMasd.
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M. P. lynniu, O. B. Makcumuyxk, B. I1. [ynait, M. O. Yawun

[MopiBHSAIBHUIA aHANI3 TEHIB OPTOJIOTIYHHUX O1NIKiB tuTOXpOoMy P450

2E1 nroauHu i ccaBliB

Pesrome

Mema. IIposecmu nopiensanbHull aHaLi3 HYKIEOMUOHUX NOCNIO06-
HoCcmell 2eHig opmonociunux OLiKie yumoxpomy P450 2E1 i ecma-
HOBUMU 38 'A30K  eGONIOYIl 2end 3 HYKICOMUOHUM CKIAOOM.
Memoou. In silico: BLAST, ClustalW, MEGA4, PHP. Pe3yavma-
mu. Onucano ocobausocmi 3azanvHoi ¢inoeenii cenie CYP2EI.
Haiibinbwy cnopionenicme mpancibo8anoi nociioo8HOCMI 2eHa
CYP2E1 Homo sapiens suseieno 3 Pan troglodytes. Busnaueno, wo
mpanzuyis C =T 3ycmpivacmocs ¢ inmponax y 2,6 pasy uvacmiuie,
HidC 6 9K30HAX. Becmanosneno 38’30k Mis Kemo-aminogow acu-
mempieto eenie CYP2E] i esontoyitinum gikom 6udy. Bucnoexku. Ha
npuknaoi CYP2E1 nokazano, wo npo0ogic e8onioyii HyKieomuo-
HUl CKAAO [HMPOHIE 3MIHIOEMbCS Y HANPAMKY 30L1bUIeHHS Killb-
xocmi eyaniny i muminy. Takum 4unom, @eiuyuny Kemo-aminogou
acumempii MOJMCHA SUKOPUCMOBYEAMU K O00AMKOSUL Kpumepitl
e6oNIOYIUHO20 AHANI3Y.

Knwuosi crosa: yumoxpom P450 2E1, CYP2EI, mpansuyii,
Ginocenis, acumempii HyK1€0MUOHO20 CKAAOY.
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