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ABSTRACT

Cytochrome P450 monooxygenases (CYPs) represent a large group and diverse family of enzymes
involved in the myriad of biological processes in humans. In the present study, a total of 57 protein
sequences of human CYPs retrieved from UniprotKB have been characterized for various physio-
chemical properties, homology search, motif and super family search and phylogenetic relationship.
Physicochemical analysis showed that the isoelectric point values and GRAVY index ranged from
5.84 to 9.47 and 0.018 to -0.367, respective]y. Many proteins (50 members, 87.8%) were in basic
form, while few (7 members, 12.2%) were of acidic nature. Moreover, GRAVY index revealed that
only CYP26C1 as hydrophobic while all others as hydrophilic. Phylogenetic analysis revealed that
P450 proteins basica"y fall into two main clades and are divided into five subgroups. Motif ana]ysis
with MEME indicated presence, absence and even shuffling of motifs within clades. Clustering using
the maximum likelihood analysis was also in accordance with P450s central roles in drug and xenobi-
otic metabolism as well as steroid hormone synthesis, fat-soluble vitamin metabolism, and the con-
version of po]yunsaturated Fatty acids to bio]ogica"y active molecules. Motif conservation within
clusters showed the evolutionary pressure for maintenance of the structural and functional organiza-
tion between different groups of protein. These results will he]p in the context of understanding the
characteristics of the cytochrome P450 monooxygenase isoforms.

Key words: Cytochrome P450; in silico; maximum likelihood; motif analysis; phylogenetic analysis.

INTRODUCTION portance. Besides that they also play major roles
in diverse physiological processes including ster-

Cytochrome P450 (CYP450) is a large family ~ 0id a'nd cholesterol l?iosynthesis, fatty acid me-
of heme-thiolate proteins that plays key role in  tabolism (prostacyclin, thromboxane) and the
xenobiotic metabolism, metabolizing most of  maintenance of calcium homoeostasis." These

the drugs and chemicals of toxicological im-  highly conserved genes are found distributed in
different life forms, including prokaryotes

(archaea, bacteria), unicellular eukaryotes
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codes 57 P450 genes® grouped into 18 mammali-
an families and 44 subfamilies. They are basical-
ly membrane-associated proteins® located on the
smooth endoplasmic reticulum of cells ubiqui-
tously in the body, but predominantly expressed
in the liver.” Any imbalance in enzyme availabil-
ity or its malfunction, e.g., due to a genetic mu-
tation, may lead to a disease state in humans.®’
In humans, CYP450 are known for their central
role in phase I drug metabolism where they are
of critical importance to two of the most signifi-
cant problems in clinical pharmacology: drug
interactions and inter-individual variability in
drug metabolism.® Besides detoxification, they
also synthesize biologically active compounds
such as steroids, prostaglandins, and arachi-
donate metabolites. CYP proteins have been
identified in life forms like animals, plants, fun-
gi, protists, bacteria, archaea, and even in virus-
es,’ but not in Escherichia coli.®

P450s are usually divided into gene families.
Besides, they are also divided into four different
classes depending on the redox partner required.
They have a varied primary, secondary, and ter-
tiary structures. Each P450, has a preferred set
of substrates, must have a unique method of sub-
strate recognition and an active site they all ap-
pear to have a similar structural core. Thus, the
charge distribution and topography of the ‘redox
-partner binding region’ of each class of P450
vary to accommodate the various types of redox
partners there by providing a great variety of
phylogenetically distributed isoform activities.
Though much studied, still more remains poorly
understood.

In the present study, we performed an #n silico
analysis on human P450 protein sequences by
analyzing their biochemical features, homology,
motif patterns, cluster and superfamily distribu-
tion to understand their functional evolution.

METHOD

The amino acid sequences of the human
P450 in FASTA format were downloaded from
the UniProt Knowledgebase (UniProtKB)
(Table 1). Physicochemical analysis were per-

formed by methods explained by Brindha et al.'
Data on physiochemical properties were gener-
ated using tools like ProtParam, Protein calcula-
tor, Compute pI/Mw, ProtScale from Expert
Protein Analysis System (EXPASY) proteomic
server from the protein sequences.'' The molecu-
lar weights (kilo dalton) were calculated by the
addition of average isotopic masses of amino
acid in the protein and deducting the average
isotopic mass of one water molecule. The pl was
calculated using pK values of amino acid ac-
cording to Bjellqvist ez al.'* The atomic composi-
tion, extinction coefficients and aliphatic index
was derived using the ProtParam tool, available
at ExPASy. The Instability Index which predicts
regional instability by calculating the weighted
sum of dipeptides that occur more frequently in
unstable proteins when compared to stable pro-
teins was calculated using the approach of
Guruprasad et al.”® The Grand average hydropa-
thy (GRAVY) was calculated by adding the hy-
dropathy value for each residue and dividing by
the length of the sequence,' respectively. Ali-
phatic index was calculated using the formula x*
(ALA) + a*x (VAL) + b*x (LEU) + b*x (ILE)
where a = 2.9 and b = 3.9 are constants."> Mega
6.01'° was used for phylogenetic analysis by
maximum likelihood method (ML). An optimal
model of evolution for the aligned dataset was
determined. Sequence divergences were then
calculated using the best model which was iden-
tified by Mega 6.01. This model choice was
guided by the need to avoid under parameterisa-
tion."” Domain analysis was performed using
Pfam 27.0."® Motif analysis was done using ME-
ME" using the expectation maximization ap-
proach.

RESULTS AND DISCUSSION

Physicochemical characterization of P450 proteins
Humans have 57 CYP450 genes,’ which are

subdivided to 18 families and 44 subfamilies.

There are more than 9000 known CYP450 se-
quences.’® Owing to its importance, many ani-
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mals posses more CYP genes than humans like
mice have genes for 101 CYPs, and sea urchins
have even more (perhaps as many as 120
genes).”’ Apart from humans, CYPs from in-
sects, including CYP6G1 from Drosophila mela-
nogaster’® and CYP6Z1 from Anopheles gambiac®™
have also been heavily studied so as to under-
stand pesticide resistance. The amino acids com-
position and physicochemical features of protein
is essential for understanding the evolutionarily
conserved structure and function.** In the pre-
sent study these 57 p450 protein sequences from
human were analyzed by using bioinformatics
tools. Physicochemical analysis showed that p/
values 5.84 to 9.47. Isoelectric point (pl) is a pH
value where net charge of protein is zero and
shows whether protein character is acidic or
basic. It was observed that most of proteins (50
members, 87.8%) were considered as basic char-
acter (pI>7), while 7 protein sequences (12.2%)
were considered as acidic (pI<7). The most basic
protein was found as CYP11B2 while the most
acidic protein was found as CYP20A1. The
GRAVY index ranged from 0.018 to -0.367.
Positive GRAVY value corresponds to hydro-
phobic protein structure while negative GRAVY
value means hydrophilic protein structure.
GRAVY index revealed that except CYP26Cl1,
all others as hydrophilic in nature. P450s are
designed to break down environmentally toxic
compounds such as polycyclic aromatic hydro-
carbons and fluorocarbons, but the substrates of
these proteins are predominately hydrophobic
compounds and made more water soluble by
monooxygenation.” The relative volume of va-
line and leucine/isoleucine side chains in com-
parison to the side chains of alanine is demon-
strated by Aliphatic index."® The dipeptides and
tripeptides composition and their frequency of
occurrence have been associated with solubility
and folding of over-expressed proteins.* In gen-
eral, proteins are mostly in the range of 42 to 62
kDa. The smallest protein was CYP27C1 con-
taining 372 amino acids, had a molecular weight
of 42.6 kDa. Proteins CYP4F22 with 531 ami-
no acids and CYP2U1 with 544 amino acids had
approximately were found to be the heaviest,
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Figure 1. Radial representation of the Maximum Likelihood tree of the human P450 proteins.

sharing a molecular weight of 61.9 kDa. Total
amino acid composition analysis revealed that
leucine is the major composition in all P450 pro-
teins, and up to five motifs were determined by
using MEME tool from proteins of every clade.
The intron-exon organization of P450 genes ex-
hibits a diversity of gene structure clearly indi-
cating that multiple gains and losses of introns
have occurred during the evolution of P450
genes in diverse species, with little conservation
of intron positions among divergent P450 fami-
lies.””?

184

Phylogenetic relationship of P450 proteins

The phylogenetic tree was constructed using
57 P450 protein sequences maximum likelihood
method (ML). LG+G+1 was used as the model.
Two major groups were observed on the phylo-
genetic tree, the smaller one had CYP7, CYP8
and CYP39 group of proteins while the the larg-
er clade, contained the rest of the proteins. Apart
from the major clades, CYP20A1 was found to
be alone. Clustering of the proteins was mainly
on the identity. If an isoform has an identity of
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Figure 2. Combined block diagrams of the conserved protein motifs in P450 proteins using MEME server. (a) Sub
clade 1 consisting families 3, 4 and 5. (b) Sub clade 2 consisting families 11, 24 and 27. (c) Sub clade 3 consisting
families 26, 46 and 51.

185



In silico characterization of human cytochrome P450 monooxygenases

d)
Name it Mout Location
Crr1aL 2.49€-106 — —— OO I
CrP1AZ £.75e-100 — — OO S
cYP181 4,44e-98 — [ A
creans 1760173 — I [E—— & |
T 5.03e-172 — — [ s .
CrP2a13 4.248-177 — I o S
CYP2B6 2.456-149 —/ I T S
CYPICH 1.958-186 — I T N .
CYPICe 2.958-185 — I T N .
cYPIC1s 1.658-187 — | T N .
CYPICI9 6.478-183 — I e——— |
crraos 1.12e-136 — I ] O
Ccyr2el 1.42¢-148 —/ I [Ee—— N |
crrzrL 8.86e-155 — I [
crez 3.4de-136 E— — (—— W
cyram1 1.648-125 —/ I T S
CYP2s1 1.03e-130 — | T S
cYPauL 6.786-133 — I T S .
CYPIwL 1.34e-104 — — [ N
CYP17AL 4.52e-101 — I ) NN
CrPisAL 28418 — 8 |
CYP21A2 7.48e-59 — I [——— B |
H T ke T T e 0 T e T e
I:lnonf: .Mohf2 .Mot-fs .Not-f-: Dnlot-fs
e)
Name ~ Combined Motif Location
CYP7AL 2.84e-152 /] [ e eeaaa——_—el
cverB1 5.56e-151 /) I N ——]
CYPBAL 6.41e-147 —— I ] [
CYPEB1 1.14e-158 [ I )
cYP39AlL 3.30e-73 /— I ————— [
o ' ' ' ' 160 200 ' 3“]0 ' 460 500

[Cmotitr [ otz [llmoties [llmotea  [moties

Figure 2. (d) Sub clade 4 consisting families 1, 2, 17, 19 and 21. (e) 7, 8 and 39.

more than 40%, it belongs to the same CYP
gene family and if approximately 55-60%, then
they belong to the same subfamily such as
CYP1A, CYP2B, etc.”®

The bigger group had four sub-clades (Fig. 1).
Each cluster of proteins was subjected to motif
analysis. The motif and their regular expression
are represented in Table 1. Variations among
various P450enzymes in terms of physiochemi-
cal parameters are given in Table 2.

Major clade 1 comprises the first biggest
group of proteins containing about 24 protein
sequences with two sub groups. One represents
families 3, 4 and 5 with functions related to
drug/xenobiotic and fatty acid metabolism,
while the other with families 11, 24 and 27 with
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functions related to bile acid biosynthesis and
vitamin D activation. The pl of the proteins
ranges from 6.26 to 9.47. Motif analysis showed
absence of motif 3 in CYP11B2 and CYP27Cl1
(Fig. 2a).

Sub clade 1 consists of families 3, 4 and 5
with functions related to drug/xenobiotic and
fatty acid metabolism. The pl of the proteins
ranges from 6.26 to 9.29.

Sub clade 2 comprised of families 11, 24 and
27 with functions related to bile acid biosynthe-
sis and vitamin D activation. The plI of the pro-
teins ranges from 8.89 to 9.47. Motif analysis
showed absence of motif 4 in CYP27B and mo-
tif 5 in CYP27C1 (Fig. 2b). All the proteins in
this clade are of mitochondrial.
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Sub clade 3 represent 5 protein sequences
belonging to families 26, 46 and 51. Cholesterol
metabolism and retinoic acid metabolism were
observed as the main functions of this group.
The pl ranged from 8.68 to 9.24. The only pro-
tein (CYP26C1) that is hydrophobic in nature
falls in this cluster. Domain analysis showed
that as cystein as the key residue of all the pro-
teins in this segment. Motif analysis showed ab-
sence of motif 2 in CYP46Aland motif 4 in
CYP51A1 (Fig. 2¢).

Sub clade 4, represent 22 protein sequences
belonging to families 1, 2, 17, 19 and 21. These
had functions related to drug/xenobiotic and
steroid metabolism. The pl ranged from 6.77 to
9.31. Motif analysis showed absence of motif 4
in CYP1Bland motif 5 in CYP19A1 (Fig. 2d).
CYP1AS5 and CYP3A37 in turkeys were found
to be very similar to the human CYP1A2 and
CYP3A4 respectively, in terms of their kinetic
properties as well as in the metabolism of afla-
toxin B1.%

Clade 5 represent 5 protein sequences belong-
ing to families 7, 8 and 39. These had functions
related to cholesterol metabolism, prostacyclin
and bile acid biosynthesis. The pl ranged from
6.8 to 8.85. Domain analysis showed that
cystein as the key residue. Motif analysis
showed absence of motif 2 in CYP39A1 (Fig.
2e).

The protein CYP20A1 function of this pro-
tein is still not attributed. This was separated
from the other two major clades. A similar pro-
tein was found in Rattus norvegicus (Q6P7D4)
with slightly different physiochemical properties.

Computational analyses indicate that the hu-
man P450 proteins have wide sequence diversi-
ty, physicochemical properties and distinct phy-
logenetic tree topology. Cluster analysis of all
retrieved sequences indicates the evolutionary
history of P450 proteins. Conserved motifs with-
in clusters showed the evolutionary pressure to
maintain important residues for the structural
and functional organization of different groups
of protein. The data represented here can also
be important for better understanding of physio-
logical properties and roles of P450 family pro-

teins in humans.
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