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ABSTRACT

While camels rapidly evoluted several genes to adapt their environment,
contemporary studies recorded that camels are sensitive to toxicity with some drugs
as monensin, narasin and maduramicin ionophores compounds, which are
extensively used in veterinary medicine. Recently, camel genome was resolved,
which will allow for discovery of secrets of camel life. To this end, it 1s not known
whether camel cytochrome enzymes were specially developed or adapted to camel
environment or it has been associated with increasing the susceptibility of camels
to toxicity with drugs. The objectives of this work are annotation of camel genome
and retrieval of camel for cytochrome P450 1A2 (CYP 1A2) for phylogenetic,
molecular modeling studies, docking studies and determination of its drug binding
power. Results indicated poor efficiency of camel CYP 1 A2 in binding with drugs.
Furthermore, despite the high evolution of many camel genes to adapt camel
environment, CYP 1A2 was found to be phylogenetically retarded gene showing
lower rate of evolution compared with subset of data from 100 different organisms.
These results suggests the potential toxicity of camels with drugs undergoing
oxidation by CYP 1A2.
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INTRODUCTION

narasin and maduramicin are extensively applied in veterinary
medicine for their antimicrobial, antiprotozoal and growth

Camels are raised in arid and semiarid environment. For
this reason, camels have especially evoluted some genes for
accustoming its surrounding envircnment. For example,
camels have unique water and heat regulation metabolic
pathways that allowed them to live in the desert environment.
This adaptation 1s accompanied by rapid evolution of water
and regulation mechanisms (Wu et al., 2014). As a form of
adaptation, the camel mitochondrial proteins showed higher
evolution rate in camelids to allow for living in different
environments (Di Rocco et al., 2006, 2009).

Camels are sensitive to toxicity with some drugs which
have wide safety margin in other animals (Ali, 1988; Mousa
and Elsheikh, 1992; El Bahri et al., 1999; Alquarawi and Ali,
2000). For instance, ionophores compounds as monensin,
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promoting effect (Miller et al, 1990, Mousa and Elsheikh,
1992; Abu Damir et al., 2013). Camels are very sensitive to
toxicity with ionophores compared with other animals as
poultry, sheep and cattle. A camel can die after adminmistration
of low dose of 0.6 mg kg™ In contrast, poultry can withstand
at least 30 folds higher of such dose. Similarly, diminazine
aceturate is a common drug for treating blood parasites in
animals is not recommended for camels due to serious toxicity,
whichis well tolerated in other species (Homeida et al., 1981).

The camel genome now is already available for public use
(Wu et al, 2014). This study is directed toward the use of the
recently announced camel genome sequences for discovering
the genetic bases of camel susceptibility to ionophores
toxicity. Furthermore, the rate of evolution of camel
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cytochrome P450 A2 will be investigated and compared with
other species. Cytochrome P450 1A, i1s a major enzyme in
drug and xenobiotics metabolism. In order, to compare the
drug binding power with other well characterized enzymes
e.g., human CYP 1A2, docking studies will be conducted to
determine the binding affinity for monensin, narasin and
maduramicin. In this study, we show the slower evolution and
lower drug binding capacity and unstable complexes with
narasin and maduramicin of camel CYP 1 A compared with the
human enzymes were showed. This might suggest the reason
beyond camel toxicity with these compounds.

MATERIALS AND METHODS

Collection of camel genome data: The Arabian camel
genome database at King AbdulAziz City of Science and
Technology (http://www.camel kacst.edu.sa) and the genome
databases at the National Institute of Heath wereused
to retrieve the genes and proteins of camel The data
from KACST included a set of expression sequence tags

(EST library).

Handling of camel genes and retrieval of camel CYP Al
sequence: Human CYP1A2 sequence was used to BLAST the
retrieved camel sequences. The highest contig hits were
retrieved. The retrieved contig was then used to BLAST gene
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databases at NCBI to get the highest similarity hits. Handling
of genomic data, BLAST search and sequence alignment were
performed by CLC genomics workbench.

Analysis of gene evolution rate: The evolution rate was
assessed by BEAST programs (Drummond and Rambaut,
2007, Drummond et al, 2012). Geneious 7.1.7 software
package was used to build alignment in NEXUS format. The
BEAUL software was used to convert NEXUS file to xml
format for Bayesian evolutionary analysis. Substitution rate
was set for 1, gamma category count was set to 4 and the JC69
was used as a substitution model. Timing data were not
provided and the branch lengths represented the substitutions
per vear with an assumed average of 1. Relaxed clock log
normal was set for clock model at clock rate of 1 and uniform
birth rate. Marcov Chain Monte Carlo (MCMC) mathematical
model is used by BEAST, the length of chain was set to
1000000 and the log file 1s saved for tree annotation by
Tree Annotator software. The produced tree is visualized and
annotated by FigTree software. Examination of MCMCresults
were viewed Tracer program.

Analysis of binding strength of camel CYP1 with drugs: A
structure model of camel CYP1AZ2 was built by using SWISS
model web server. The obtained structure model was checked
with verify 3D program and exported. The structure of

OH

Maduramicin

Fig. 1: Structure of the compounds used in this study
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monensin, narasin and maduramicin were obtained from
pubchem database (Fig. 1). Docking studies were done by
Molegro virtual docker. Comparative drug binding was with
human CYP1 PDB 1D 2HI4.

RESULTS

Evolution rate of camel CYP evolution: After BLAST
search of gene databases with camel CYP the top 100 high
similarity sequences and built phylogenetic tree were retrieved
(Fig. 2). The average gene evolution rate among all organisms
was 0.94. human CYP showed more acceleration by showing
1.18 evolution rate (Table 1). In contrast camel CYP showed
slower rate compared with human and also was lower than the
mean rate in the tested organisms.

Table 1: Parameters of rate obtained by BEAST analysis and Tracer program

for CYPIA

Rate mean Camel rate Wild camel rate Human rate
0.94 0.72 0.64 1.3
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The binding of monensin, narasin and maduramicin with
human and camel CYP1A,: The comparison of monensin,
narasin and maduramicin binding properties of camel and
human CYP1 are shown in Table 2 and Fig. 3. The molecular
model retrieved from SWISS model server is represented in
Fig. 4. During setting up of docking run, docking was set to
accurate or slow mode to get the maximum efficiency of
results. Ten poses for every drug were retrieved and examined
in the their active binding site for any stearic problems. The
ligand efficiency L1 and L2 as a parameter for comparison

Table 2: Results of docking studies™

Variables Human Camel
Monensin
L1 -5 -4.7
L2 4.3 3.6
Narasin
L1 -39 -34
L2 -1.5 1.5
Maduramicin
L1 -3.6 04
L2 -1.3 1.7
*L stands for ligand efficiency
._'E
3
B
S m
£ '|‘-".':_ ; A
-2 g \:‘.._ ; K
e © 5 o
2 = @&‘?
= S &
i .@a“" e&m@"‘\
P
5 o 5\‘.\
= 2 o (33@
NS v o Qa\%* joel
& @p\f\“\“ﬁ @
e
____,\/ e 0

Equus cabaﬂusT 93gg

Ceratatheriym «;
Erim 2
Simum simym
Pteropus alecto -

EPtES'“:usﬂ.ISC\JS

O |
dohenusrasmarus divergens — |

I (_:qpra hircus

10 6469

SNIUBJE X3J0S
BjEsUY eanfpUeD

Fig. 2: Circular cladogram showing evolution pattern of CYP1A2s
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Fig. 3: Comparison of human and camel docking parameters

Fig. 4: Camel CYP1A2 model built by SWISS Model server
obtained my Molegro Virtual Docker

was used. L1 1s the docking score divided by the number of
atoms in molecule. L2 is a rerank for L1 after consideration of
stearic forces. Therefore, L1 and L2 parameters are more
accurate for comparing two different drugs across two
different molecular targets. Furthermore, 1.2 is more valuable
in comparison as it is a reranking algorithm for L.1.

The data show that all compounds are dockable to the
active site of human and camel CYP1A, (due to the negative
values of 1.1 and 1.2) except narasin and maduramicin, which
1s expected to be poor substrate to camel CYP1 due to positive
value of 1.2. The data also indicates weaker binding to the
camel enzymes compared with human CYPIA. This
evidenced by lower negative values of .1 and 1.

DISCUSSION

Camels were domesticated to be reared for human usage
about 3000-6000 years ago (Burger and Palmieri, 2014).
Investigation of gene evolution by molecular modeling studies
lead to understanding the physiology, disease development
and treatment opportunities (Kandeel and Kitade, 2013a, b;
Kandeel et al., 2014). This study showed lower evolution rate
of camel CYP. Furthermore, docking studies showed lower
binding potency of camel CYP with two toxic compounds with
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camels, monensin, narasin and maduramicin. The human CYP
was more effective in binding to these compounds.

Narasin and maduramicin are expected to form unstable
complexes with camel enzyme due to the positive value of L.2.
Thus, the camel enzyme binds monensin with lower potency
than human and expected to do not bind with narasin and
maduramicin.

Although camels rapidly evoluted some genes to help it
to adapt the harsh environment, the rate of CYP evolution was
lower than other amimals. It was may interpreted that this is a
form of adaptation. The stress of xenobiotics and toxicity
might be lower in desert environment, that does not put
metabolizing enzymes under selection pressure. In addition, in
the advent of new development of drugs for veterinary and
other uses, together with modernization of camel habitat would
put camels to be susceptible to toxicity more than other
species. This 1s due to poor development of their CYP
enzymes.

CONCLUSION

Camel genomics data were used to conclude the genetic
bases of camel susceptibility to ionophores anticoccidials.
Camels showed lower evolution rate of cytochrome P450 1A2
enzyme with lower and unstable binding with drugs.
Therefore, care should be taken in using drugs undergoing
metabolism by oxidation in camels due to their potential
toxicity.
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