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EDITORIAL

INTERNATIONAL YEAR OF CAMELIDS, 2024

Origin of International Year of Camelids is an old story which clicked in the year 2017. Seventy-
second session Agenda item 19 Resolution adopted by the United Nations General Assembly on
20 December 2017 [on the report of the Second Committee (A/72/420)] decides to declare 2024 the
International Year of Camelids. Agenda noted that camelids are strictly herbivorous, even-toed ungulate
mammals that first appeared in America 45 million years ago, and that there are six living species
of camelids, namely, dromedary camels, Bactrian camels, llamas, alpacas, vicufias and guanacos, in
North Africa, South-West and Central Asia, Oceania and South America. Agenda further noted that
camelids constitute the main means of subsistence for millions of poor families that live in the most
hostile ecosystems on the planet, and that they contribute to the fight against hunger, the eradication of
extreme poverty, the empowerment of women and the sustainable use of terrestrial ecosystems. Agenda
encourages all Member States, the United Nations system and all other actors to take advantage of the
International Year to promote awareness among the public of the economic and cultural importance of
camelids and to foster the consumption of the goods produced from these mammals, including edible
goods, in order to contribute to the eradication of hunger, food insecurity and malnutrition. It has
requested the Food and Agriculture Organisation of the United Nations to inform the General Assembly
at its eightieth session regarding the implementation of the present resolution, including an evaluation
of the International Year.

As a part of education programme of http:/ /www.texascamelcorps.com, Doug Baum is hosting
an online maiden camel conference of the year 2020 entitled, “Southwest Camel Conference” on 28
October. There will be many online speakers in the conference and local participants. Congrats to Doug
Baum for taking this unique initiative.

Current issue has contributions from the camelid scientists of Turkey, Egypt, UAE, Saudi Arabia,
China and Indjia. It contains papers on dromedaries, bactrians and llama. Those based on Bactrian camel
research are Proteome profile of the hump and camel milk alleviates alcohol induced liver injury in mice.
A case report on llama is about endocardial fibroelastosis. Remaining manuscripts are on dromedaries
which include bioinformatics of pyrimidine metabolism in camels and Trypanosoma evansi: uridine
5-diphosphate (UDP) metabolic pathways and targeting ATP diphosphatase, Biomarkers of infection
and inflammation, Investigation on biochemical parameters of cerebrospinal fluid in neurological
disorders, Klebsiella oxytoca isolated from nostrils of dromedary camels: resistance pattern and pehX
gene based genotyping, Deoxyuridine 5-monophosphate (dUMP) metabolising enzyme and the
bifunctional dihydrofolate reductase-thymidylate synthase in camels and Trypanosoma evansi, Enzymatic
and antioxidant activity of camel milk fermented with different strains of lactic acid bacteria, genetic
polymorphism at x-casein gene in indian camel breeds, Middle east respiratory syndrome (MERS) in
an adult dromedary camel, haematological studies during late pregnant and early lactation stage in
Jaisalmeri camels, In-vitro capacitation of spermatozoa as assessed by chlortetracycline staining. It has
regular columns of news and instructions to contributors also.

It is believed that owing to the lockdown in various countries due to COVID 19 threat, the camelid
research was also affected or delayed but hopefully now it will resume faster and results will soon
appear in form of new manuscripts for publication in the Journal of Camel Practice and Research.

With my best wishes to all the camelid scientists and practitioners to stay safe and healthy during

the COVID 19 pandemic.

(Dr. T.K. Gahlot)
Editor
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PROTEOME PROFILE OF THE HUMP OF
BACTRIAN CAMEL

Bin Yangl, Shan Bao?, Ming Yong3, Lihui Chen!, Huar Bao!, Sharku?, Shi Liu® and Demtu Er'"
1College of Veterinary Medicine, Inner Mongolia Agricultural University, Key Laboratory of Clinical Diagnosis and Treatment
Technology in Animal Disease, Ministry of Agriculture and Rural Affairs, P.R. China, Hohhot, 010011, China
2Animal Husbandry Workstation of Agriculture and Animal Husbandry Bureau of Bayannur city, Xinhua west street,
3Veterinary Administration Bureau of Bayannur city, Xinhua west street, Linhe district, Bayannur city, 015000,
4Agriculture and Animal Husbandry Integrated Service Centre of Yinggen Sumu, Alxa Left Banner, 750323,

5 Animal Disease Prevention and Control Centre of Alxa Left Banner, Bayanhot, 750300,

Inner Mongolia Autonomous Region, P.R. China

ABSTRACT

Proteome profile of hump of Bactrian camel was identified using a shotgun proteomic approach. GO annotation
and KEGG were predicted using bioinformatic tools. As a result, a total of 1077 proteins were identified. We found
that the hump of Bactrian camel is equipped with a variety of functional proteins related to cellular process, metabolic
process, binding, catalytic activity, cell, cell part and organelle. Three hundred and one different pathways in the hump
of Bactrian camel were identified by KEGG analysis. Most of the pathways were associated with signal transduction
pathways, metabolic pathways and energy metabolism. The identified proteome profile will help us understand the

function of the hump of Bactrian camel.

Key words: Bactrian camel, hump, proteome, shotgun

The camel can survive long periods without
feed as it stores energy reserve in a the form of fat in
the hump (Kadim et al, 2002). The physicochemical
properties and the fatty acid composition of fat from
the hump of camels has been measured (Kadim et
al, 2002; Sbihi et al, 2013). Proteomic technology has
been used for finding differences between different
organs in the camel and the rat (Warda et al, 2014).
There is limited knowledge about detailed proteome of
camel hump. To understand functions of the hump of
Bactrian camel, it is important to define the molecular
constituents of the hump. The aim of the present study
was to identify whole proteome profile of the hump
of Bactrian camel using shotgun proteomic approach.

Materials and Methods

Transcriptome databases construction

One adult 10-years-old Bactrian camel was
used to harvest hump tissue which was collected
and frozen in liquid nitrogen, and stored at —80°C.
Total RNA from hump tissue sample was extracted
according to the manufacturer’s protocol. The total
RNA quantity and purity were analysed. Sequencing
library was constructed and sequenced on an [llumina
Hiseq platform. After reads mapping to the reference

genome, one-frame translation of our own hump
database was constructed.

Shotgun
Sample pretreatment

The sample was added SDT lysis buffer and
homogenated. The sample was sonicated and
incubated at 100°C for 10 min, then centrifuged at
12000g for 30 min. The supernatant was collected.
Protein concentration was determined with BCA
method.

FASP

The proteins were added with DTT and
incubated at 100°C for 5 min. The sample was added
with UA buffer and centrifuged at 14000g for 15 min.
Then, IAA buffer was added and incubated for 30 min
at room temperature in the dark. After centrifugation,
UA buffer was added and centrifuged at 14000g for 15
min. NH4HCO; was added and centrifuged at 14000g
for 15 min. Trypsin buffer was added and incubated
at 37°C for 16-18 h.

LC-MS/MS
The LC-MS/MS analysis was performed on an
Easy nLC system and Q-Exactive mass spectrometer

SEND REPRINT REQUEST TO CORRESPONDING AUTHER DEMTU ER* email: eedmt@imau.edu.cn
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system (Thermo Scientific). The sample was loaded
onto a trap column (2cmx100pm, 5pm-C18, Thermo
Scientific), and then separated onto an analytical
column (75pmx100mm, 3pm-C18, Thermo Scientific)
at a flow rate of 300 nL/min. Mass spectra were
acquired with an Exactive mass spectrometer (Thermo
Scientific). MaxQuant software was employed for
protein quantitation. Only the protein identifications
with false discovery rate (FDR) 1% or less were
accepted in the final dataset.

Results and Discussion

A total of 1077 proteins in hump tissue were
identified using shotgun proteomic approach. The
27,12 and 19 catalogs of biological process, molecular
function and cellular component were clustered,
respectively. In the category of biological process,
most annotated proteins were involved in cellular
and metabolic processes. In the category of molecular
function, most annotated proteins were associated
with binding and catalytic activity. In the category
of cellular component, most annotated proteins were
associated with cell, cell part and organelle (Fig 1).

In present study 301 different pathways were
enriched. Signal transduction pathways are the major
pathways. Most of the signal transduction pathways

involved in lipid metabolism, for example PI3K-
Akt signalling pathway (Huang et al, 2018), MAPK
signalling pathway (Carmen and Victor, 2006), Hippo
signalling pathway (Ardestani et al, 2018), cAMP
signalling pathway (Rogne and Tasken, 2014), Apelin
signalling pathway (Bertrand et al, 2015), AMPK
signalling pathway (Ceddia, 2013), PPAR signalling
pathway (Wahli and Michalik, 2012), Sphingolipid
signalling pathway (Lambert et al, 2018), Insulin
signalling pathway (Tencerova et al, 2019), TGF-
beta signalling pathway (Margoni et al, 2012), Wnt
signalling pathway (Christodoulides ef al, 2009) (Fig
2) and Adipocytokine signalling pathway (Lee and
Shao, 2014).

Many pathways were associated with
metabolic pathways, such as amino acid metabolism,
carbohydrate metabolism, lipid metabolism and
nucleotide metabolism (Fig 3).

Several pathways involved in energy
homeostasis, such as glycolysis/gluconeogenesis,
fatty acid degradation, citrate cycle (TCA cycle),
fatty acid elongation and biosynthesis of unsaturated
fatty acids (Fig 4). The results may indicate that
part of the energy required by Bactrian camels is
derived from the ATP produced by the hump through

M Biological Process [ Molecular Function B Cellular Component
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Fig 1. Gene Ontology (GO) categories of proteins identified in the hump of Bactrian camel.
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Fig 3. The pathways involved in metabolism.

glycolysis and TCA cycle. The maintenance of blood
glucose in Bactrian camel may be due in part to hump
gluconeogenesis.

Several pathways were associated with
transport and catabolism, such as Endocytosis,

Journal of Camel Practice and Research

Phagosome, Peroxisome, Proteasome and Autophagy
(Fig 5). Furthermore, the pathways associated with
signalling molecules and interaction, such as ECM-
receptor interaction, SNARE interactions in vesicular
transport and neuroactive ligand-receptor interaction
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were represented. The extracellular matrix (ECM) is
essential for tissue architecture and has an important
role in adipogenesis (Mariman and Wang, 2010). The
results indicate that the accumulation of hump fat is
associated with ECM-receptor interaction. The precent
study can help us to understand the function of the
hump of Bactrian camel.
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BIOINFORMATICS OF PYRIMIDINE METABOLISM
IN CAMELS AND Trypanosoma evansi: URIDINE
5-DIPHOSPHATE (UDP) METABOLIC PATHWAYS
AND TARGETING ATP DIPHOSPHATASE

Mahmoud Kandeel®*, Abdulhafez Dalab?, Abdulkarem Al-Shabebi? and Abdulla Al-Taher!
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ABSTRACT

Comparison of host and parasite genomes can lead to discovery of metabolic or structural differences that
can be used in finding new drug targets. In this study, the pyrimidine metabolic pathway uridine 5-diphosphate
(UDP) and deoxyuridine 5-diphosphate (dUDP) paths were researched. In this perspective, several UDP/dUDP
metabolising enzymes were investigated by bioinformatics tools. UMP/CMP kinase was not detected in Trypanosoma
evansi (T. evansi) allowing ATP-diphosphatase as an important target for inhibition studies as the interconversion
between UMP and UDP are affected. While 100% similarity rate was evident in camel species, there was about 30%
differences between the camel and human ATP-diphosphatase. The great sequence differences between the camel
and T. evansi ATP-diphosphatases (73% differences) suggests for vulnerability of using this target for future studies.
However, further investigations are required to establish the biological aspects of the enzyme.

Key words: Camel, CTP synthase, genome, nucelotide, Trypanosoma evansi, UDP

The sequence of camel genome was recently
published (Jirimutu et al, 2012). Resolving the
sequence of the genes in various metabolic pathways
gives comprehensive insights into the metabolic
pathways and the requirements for camel adaptation
to its harsh environment. In our group, bioinformatics
tools were used for characterisation of new drug
target (Alfuwaires et al, 2017; Alnazawi et al, 2017;
Kandeel et al, 2018; Mahmoud et al, 2019). Recently,
we provided some interesting differences in the
metabolic pathways of pyrimidines in camel and T.
evansi (Kandeel and Al-Taher 2020a; 2020b; Kandeel
et al, 2020).

In this exploration, the pyrimidine metabolic
pathways was investigated in both camels and the
blood protozoan, T. evansi. During this work, the
enzymes metabolising UDP/dUDP were reviewed.
UDP/dUDP metabolism was traced by the KEGG
maps (Kanehisa et al, 2007; Kanehisa et al, 2016; Ogata
et al, 1998).

The ultimate goal of this work was to explore
the UDP/dUDP metabolic enzymes and compare
its sequence in camel, T. evansi, human and other

prokaryotes and eukaryotes. The enzymes involved in
this pathway were listed and searched for its coding
genes in camel and T. evansi genomes. The expected
map of UDP/dUDP metabolism was drawn and
compared to find potential new drug targets against
the blood protozoa.

Materials and Methods

Retrieval of genomic data

Collection of genomic data was carried out by
extracting the information from the gene database
(http://www.genedb.org) (Hertz-Fowler et al,
2004), Kinetoplastom genome resources (http://
tritrypdb.org/tritrypdb/), protein and genome
databases (http://www.ncbi.nlm.nih.gov) and the
Arabian camel genome project (http://www.camel.
kacst.edu.sa). Information obtained from these
sources included protein and nucleotide sequence
information, gene annotation, paralogs and orthologs
information, metabolic functions, signal peptides,
transmembrane domains, predicted protein export
domains, protein expression profiles, isoelectric point
(pl), the number of predicted transmembrane helices,
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any predicted sequence motifs and the E value of the
closest PDB sequence homolog.

Protein sequence homologues were searched
using the NCBI, BLAST (Basic Local Alignment
Search Tool) (Madden, 2013) or PSI-BLAST (Position-
Specific Iterated-BLAST) servers (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) searching against the
non redundant (nr) database with filtering of low
complexity regions.

Multiple sequence alignment programme for
proteins and construction of phylogenetic tree was
carried out using the tools available (https;//www.
ebi.ac.uk/Tools/msa/clustalo/) (Sievers and Higgins,
2014). Multiple sequence alignment programme
(ClustalW2) was used to calculate the best match of
the selected sequences. The resultant alignment was
used to generate a phylogenic tree, which is visualised
by Dendroscope phylogenic tree viewer (Huson et
al, 2007) or CLC genomics workbench (Sequencing,
2011).

Putative domains was searched by the domain
prediction program available (http.//www.ncbi.nlm.
nih.gov/Structure/cdd/cdd.shtml) (Marchler-Bauer ef
al, 2005). The genomic and molecular information
was obtained from Kyoto Encyclopedia of Genes and
Genomes (httpy//www.genome.jp/kegg/).

Proteomic and genomic tools ExPASy
Proteomics tools (http://us.expasy.org/tools/)
(Gasteiger et al, 2003) and tools available at the
website of the European Bioinformatics Institute
(http:/ /www.ebi.ac.uk/Tools/) (Labarga et al,
2007) were also used for analysis of nucleotide and
gene sequences. The protein parameters including
the molecular weight, theoretical pl, amino acid
composition, atomic composition, extinction
coefficient, estimated half-life, instability index,
aliphatic index and grand average of hydropathicity
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Uridine 5'-triphosphate

Uridine-5'-diphosphate

was  searched  (http://us.expasy.org/tools/
protparam.html). Protein sequences of target
genes was analysed for data such as pl, extinction
coefficient and MW for the tagged protein sequence
by PROTParam. PROSITE (http:/ /www .expasy.org/
proteomics/families__patterns_and_profiles) was
used to search for patterns and profiles in the protein
sequences of the target genes. The protein domains,
families and functional sites was searched (http://
prosite.expasy.org/).

Results and Discussion

Uridine 5- diphosphate (UDP) production
process is proposed by 3 production routes, derived
from the metabolic pathways of the KEGG (Kyoto
Encyclopedia of Genes and Genomes) (Kanehisa
et al, 2016). In the synthetic direction, uridine-
5 -monophosphate (UMP) is phosphorylated by
the kinase activity of UMP/CMP kinase and/
or UMP kinases. The phosphorylation of uridine
5 -triphosphate (UTP) by nucleoside diphosphate
phosphatase, thymidine triphosphatase and/or ATP-
diphosphatase can yield uridine 5'-diphosphate
(UDP) as shown in (Fig 1). In the catabolic pathway,
UDP is phosphorylated by nucleoside diphosphatase
or ATP diphosphatase to generate uridine
5-monophosphate (UMP) (Fig 1 and Table 1). After
bioinformatics tools application, the revised metabolic
pathways of camels and T. evansi was provided in Fig
2 and 3, respectively.

The generation of UDP in camels was brought
by the action of NDK, ATP diphosphatase and UMP/
CMP kinase (Fig 2 and Table 2). In contrast, T. evansi
was similar to camel profile, but devoid of UMP/
CMP kinase (Fig 3, Table 3). Therefore, inhibition
of ATP diphosphatase might be deleterious for the
parasite life as it is the only predicted enzyme for
catabolising UTP and UDP to UMP.
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Fig 1. The proposed metabolic pathways of uridine 5’-diphosphate (UDP).
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Fig 3. The proposed metabolic pathways of uridine 5'-diphosphate (UDP) in Trypanosoma evansi.

Table 1. Enzymes involved in metabolic pathways of UDP.

ID (E.C. number)

Definition (Enzyme name)

2.74.6

nucleoside-diphosphate kinase

3.6.1.39 thymidine-triphosphatase, thymidine triphosphate nucleotidohydrolase

3.6.1.5 nucleoside triphosphate phosphohydrolases (nucleoside monophosphoate-forming) or ATP-
diphosphatase, apyrase, ectonucleoside triphosphate diphosphohydrolase

2.7.4.14 UMP-CMP kinase, cytidylate kinase; deoxycytidylate kinase; CTP: CMP phosphotransferase

2.7.4.22 UMP kinase; uridylate kinase; UMPK

3.1.3.6 3’-nucleotidase; 3’-mononucleotidase

Table 2. The expected enzymes involved in metabolic pathways of UDP in camels.

ID (E.C. number)

Definition (Enzyme name)

2746

nucleoside-diphosphate kinase

3.6.1.5 nucleoside triphosphate phosphohydrolases (nucleoside monophosphoate-forming) or ATP-
diphosphatase, apyrase, ectonucleoside triphosphate diphosphohydrolase
2.74.14 UMP-CMP kinase, cytidylate kinase; deoxycytidylate kinase; CTP: CMP phosphotransferase

Table 3. The expected enzymes involved in metabolic pathways of UDP in Trypanosoma evansi.

ID (E.C. number)

Definition (Enzyme name)

2746

nucleoside-diphosphate kinase

3.6.1.5

nucleoside triphosphate phosphohydrolases (nucleoside monophosphoate-forming) or ATP-
diphosphatase, apyrase, ectonucleoside triphosphate diphosphohydrolase
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Fig 4. Multiple sequence alignment of dromedary camel and human bifunctional UMP/CMP kinase. The upper panel
represents sequence comparison statistics. The upper right diagonal region explain the number of differences
between 2 sequences, while the lower left diagonal region explain the per cent of identity between 2 sequences.

Thymidine-triphosphatase
Thymidine-triphosphatase (dTTP; 3.6.1.39)
an enzyme also named thymidine triphosphate
monophosphohydrolase (dTTPase); thymidine
triphosphate nucleotidohydrolase; dTTPase;
deoxythymidine-5"-triphosphatase. This is a
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hydrolase enzyme, induces the dephosphorylation
of deoxythymidine-triphosphate (dTTP) to the
equivalent deoxythymidine-diphosphate (dTDP).
Likewise, it acts on deoxyuridine-triphosphate
(dUTP) and uridine-triphosphate (UTP) but very
slowly. Therefore, its molecular weight is 48 500.
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Fig 5. Multiple sequence alignment of dromedary, bactrian and feral camels bifunctional UMP/CMP kinase. The
upper panel represents sequence comparison statistics. The upper right diagonal region is explains the
number of differences between two sequences, while the lower left diagonal region explains the per cent
of identity between two sequences.

The dTTPase is formed of 2 equivalent subunits.
Moreover, dTTPase displays optimal activity at pH
7 - 9 and the activation energy is valued to be 7.1
kcal/mol at pH 7.8. Meanwhile, the existence or
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absence of divalent cations does not affect dTTPase
activity and the ethylenediaminetetracetic acid
(EDTA) but not phenanthroline which can inhibit
the enzyme activity. The Mn?* reverses the inhibition
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Fig 6. Multiple sequence alignment of dromedary
camel and other eukaryotes bifunctional
UMP/CMP kinase. The upper panel represents
sequence comparison statistics. The upper
right diagonal region is explains the number
of differences between two sequences, while
the lower left diagonal region explains the per
cent of identity between two sequences.
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Fig 7. Multiple sequence alignment of Trypanosoma cruzei and some protozoal
bifunctional UMP/CMP kinase. The upper panel represents sequence
comparison statistics. The upper right diagonal region is explains the
number of differences between two sequences, while the lower left diagonal
region explains the per cent of identity between two sequences.
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caused by EDTA and Zn?* triggers
the absolute inhibition of dTTPase
activity. The breakdown of dUTP and
UTP are by about 50 and 20% of the
rate of dTTP hydrolysis, respectively.
Other deoxyribonucleosides or
ribonucleoside triphosphates do not
act as substrates for the dTTPase.
This enzyme could play a significant
role in the regulation of the cellular
dTTP levels (Dahlmann, 1982).
Thymidine-triphosphatase (thymidine
triphosphate nucleotidohydrolase,
dTTPase, EC no. 3.6.1.39) has been
previously purified from human
serum (Dahlmann, 1982). However,
genetic and sequence data for other
organisms were not available and
the sequence of human gene was not
present.

UMP-CMP  kinase is a
bifunctional enzyme present in
eukaryotes that catalyses the
phosphorylation of CMP and
UMP. Prokaryotes has 2 different
monofunctional enzymes EC 2.7.4.25,
which act as CMP kinase and EC
2.7.4.22, which act as UMP kinase.

UMP/CMP kinase

UMP kinase (uridylate kinase;
UMPK, 2.7.4.22) has restricted kinase
activity for UMP only and specific
for prokaryotes. It is replaced by the
bifunctional UMP-CMP kinase.

Pyrimidine nucleoside
monophosphate kinase (UMP/CMP
kinase; 2.7.4.14); cytidylate kinase;
deoxycytidylate kinase; CTP: CMP
phosphotransferase; dCMP kinase;
deoxycytidine monophosphokinase;
UMP-CMP kinase; ATP:UMP-CMP
phosphotransferase; pyrimidine
nucleoside monophosphate kinase;
uridine monophosphate-cytidine
monophosphate phosphotransferase.
This is eukaryotic bifunctional
transferase enzyme (UMP/CMP
kinase) with dual-specificity,
transferring phosphorus-containing
groups catalyses the phosphorylation
of both substrates CMP and UMP
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XP_023114431 Felis catus
XP_010983021 Camelus dromedarius
NP_001039509 Bos taurus
NP_001301182 Capra hircus
XP_023486088 Equus caballus
XP_002715160 Oryctolagus cuniculus
NP_057392 human isoform a
NP_001129612 human isoform b
NP_079923 Mus musculus
EDL90325 Rattus norvegicus
BAA06130 swine
—D' XP_010949526 Camelus bactrianus
r® NP_001026735 Gallus gallus
ADY46131 Ascaris suum
XP_657222 Entamoeba histolytica
XP_001610286 Babesia bovis
KNG78296 Plasmodium falciparum
PWV08006 Trypanosoma cruzei

0.500
shorter than 0.0527 are shown as having length 0.0527

Fig 8. Phylogram of camel and Trypanosoma cruzei bifunctional
UMP/CMP kinase in relation to a set of eukaryotic
organisms.

with analogous efficacy forming UDP, CDP and
dCDP, which are required for cellular nucleic
acid synthesis. Also, dCMP may possibly act as
acceptor. This eukaryotic enzyme dissimilar from the
monofunctional prokaryotic enzymes EC 2.7.4.25,
CMP kinase and EC 2.7.4.22, UMP kinase. Moreover,
several cytidine and deoxycytidine analogues are
important anticancer and antiviral drugs. These drugs
exert their therapeutic effects via phosphorylation of
their triphosphate structures. All of the nucleoside
triphosphates used by UMP/CMPK as phosphate
donors, the best donors are ATP and dATP while CTP
being the poorest. Likewise, UMP/CMPK also able
to phosphorylate all of the deoxycytidine analogue
monophosphates. Strongly, DTT, 2-mercaptoethanol
and thioredoxin, are reducing agents which could
activate this enzyme, suggesting that its activity
might be regulated by redox potential in vivo. The
localisation of UMP/CMPK chiefly in the cytoplasm
(Liou et al, 2002; Pasti et al, 2003).

Uridine monophosphate kinase (UMP kinase;
2.7.1.48); uridylate kinase; UMPK; PyrH; UMP-
kinase; SmbA. UMP kinase is an enzyme transferring
phosphate groups, precisely specific for UMP in
prokaryotes and used for the de novo synthesis of
pyrimidines nucleotides. The feedback control of
this process via repression of carbamoxyl phosphate
synthetase gene. Moreover, UMPK activated by
GTP and inhibited by UTP. Conversely, UMP/
CMP kinase is bifunctional for the same purpose
in eukaryotes. The structure of UMPK differ from
animals nucleoside monophosphate kinases,
comprising the UMP/CMP kinase therefore, UMPK
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Fig 9. Multiple sequence alignment of dromedary camel and
human ectonucleoside triphosphate diphosphohydrolase.
The upper panel represents sequence comparison
statistics. The upper right diagonal region is explains the
number of differences between two sequences, while the
lower left diagonal region explains the per cent of identity

between two sequences.
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-

may act as antimicrobial target. This enzyme has a
homohexameric assembly centred around a hollow
nucleus and is organised as a trimer of dimers.
The polypeptide of UMPK displays the amino acid
kinase family fold, which described in carbamate
kinase and acetylglutamate kinase. The substrates
of acetylglutamate kinase bind within each subunit
at identical, sufficiently adjusted sites. While, the
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Fig 10. Multiple sequence alignment of dromedary, Bactrian and feral camels ectonucleoside triphosphate
diphosphohydrolase. The upper panel represents sequence comparison statistics. The upper right diagonal
region explains the number of differences between two sequences, while the lower left diagonal region explains
the per cent of identity between two sequences.
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Fig 11. Pairwise sequence alignment of T. evansi and dromedary
camel (isoform 5) ectonucleoside triphosphate
diphosphohydrolase. The upper panel represents sequence
comparison statistics. The upper right diagonal region is
explains the number of differences between two sequences,
while the lower left diagonal region explains the per cent
of identity between two sequences.

154 / August 2020

—e NP_001767 human

——e NP_072109 rat

—e NP_ 999318 swine

NP_ 776961 Bos taurus

XP_013830617 Capra hiricus

= NP_001292388 Gallus gallus
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GAT92710 Entamoeba histolytica

Fig 12. Phylogram of camel ectonucleoside triphosphate
diphosphohydrolase in relation to a set of
eukaryotic organisms.

structure of UMPK comprises 2 bound Mg?* ions,
one ion assists the maintenance of the transition
status, hence having the same catalytic role as
one lysine residue found in acetylglutamate
kinase. Corresponding to carbamate kinase
and acetylglutamate kinase, UMPK presents a
radically dissimilar dimer architecture, lacking
the characteristic 16-stranded beta-sheet backbone
(Marco-Marin et al, 2005; Serina et al, 1995).

The sequence of human UMP/CMP kinase
isoform A was aligned to its counterpart in
dromedary camels (Fig 4). Among 228 AA, there
were only 15 mismatches (6.5%) between human
and dromedary camel UMP/CMP kinase. In
addition to a missing residue in dromedary camel
and insertion in human, it is worth noting that
12 mismatches (80%) are in the first 40 residues
of the protein sequence. However, it is yet to
determine whether variations at the beginning
of the sequence have a considerable effect on the
protein function.

Protein sequences of UMP/CMP kinase
of the 3 camel species were aligned and shown
in figure 5. The alignment showed the same
phenomenon observed in figure 4 where the
variations were concentrated in the first 60 AA.
Only UMP/CMP kinase of Camelus bactrianus has
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Fig 14. The proposed metabolic pathways of deoxyuridine-diphosphate (dUDP) in camels and Trypanosoma evansi.

insertion and deletion of 11 and 8 AA, respectively.
This observation suggests that the positions of
insertion/deletion may be not crucial for the protein
function.

The sequence of UMP/CMP kinase of
dromedary camel and other 11 species were aligned
to get a larger view of variations across different
species (Fig 6). The variations concentrated within
the first 40 AA while, the rest showed a relative
conservativeness. Only UMP/CMP kinase of Camelus
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bactrianus has insertion and deletion as described
previously. In contrast to sequence of UMP/CMP
kinase of the studied eukaryotic species, sequence
UMP/CMP kinase of Trypanosoma cruzei and some
protozoal is highly variable (Fig 7). We tried several
BLAST searches of T. brucei and T. evansi genome
using several UMP/CMP kinases, however, there
outcome was zero hits.

Phylogenetic tree were reconstructed to
visualise the evolutionary distance between camel
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and T. cruzei bifunctional UMP/CMP kinase
in relation to UMP/CMP kinase of a set of other
eukaryotic organism (Fig 8). The protozoal enzyme
was highly related to its protozoal orthologs and
highly distant form the camel enzyme.

ATP - diphosphatase/ectonucleoside triphosphate
diphosphohydrolase

ATP- diphosphatase (apyrases (ATP
diphosphohydrolases; EC 3.6.1.5; the nucleoside
triphosphate phosphohydrolases (nucleoside
monophosphoate-forming); ATP- diphosphatase) act
correspondingly on di- and triphosphate nucleotides
(NDPs and NTPs) and dephosphorylate NTPs to
nucleotide monophosphates (NMPs) by 2 separate
succeeding phosphate-releasing steps, in which
NDPs are intermediates. Unlike, apyrases differ
from ATPases that distinctively hydrolyse ATP,
by dephosphorylating both ATP and ADP. The
eukaryotic enzymes necessitates Ca?* and Mg?* can
alternative. The bulk of the ecto-ATPases found
on be the cell surface and hydrolyse extracellular
nucleotides that are target substrates for this enzyme
family (Komoszynski and Wojtczak, 1996). The cells
of Trypanosoma brucei can hydrolyse extracellular
ATP. The absence of any divalent metal reduced the
hydrolysis level of ATP in this protozoon parasite.
Moreover, MgCl, promote ATP hydrolysis. Similarly,
when MnCl, replacing MgCl,, the acceleration of
activity was also detected. Correspondingly, CaCl,
and ZnCl, could speed up the ATPase activity,
while less than MgCl,. This ecto-ATPase activity
was not sensitive to inhibitors than other ATPase
and phosphatase activities. Living cells successively
hydrolysed the ATP molecule creating ADP, AMP
and adenosine and administration of ATP and
adenosine was able to support the multiplication
of T. brucei. Furthermore, the availability of purines
controlled the activity of T. brucei ATP- diphosphatase
(de Souza Leite et al, 2007).

Alignment of dromedary camel and human
ectonucleoside triphosphate diphosphohydrolase
showed variations among the length of the two
protein sequences (Fig 9). The longest consecutive
conserved sequence did not exceed 25 AA showing
149 differences and homology about 70.84%.
However, sequence of ectonucleoside triphosphate
diphosphohydrolase of the 3 camel species is identical
and have 100% similarity (Fig 10). BLAST search
of the obtained T. evansi protein against camel
database revealed close similarity to ectonucleoside
triphosphate diphosphohydrolase 5 isoform X2
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(Camelus dromedarius). Fig 11 shows comparison of
camel and T. evansi enzymes. There was low similarity
rate of 26.25%.

The evolutionary distance between camel
ectonucleoside triphosphate diphosphohydrolase
and a set of eukaryotic organisms were shown by
constructing a phylogenetic tree (Fig 12). The camel
enzyme was distant from other vertebrates and highly
related to the protozoal enzymes.

Motif and domain search by using prosite,
NCBI domain or motif finder revealed conservative
one domain content of nucleoside phophatease
family in both of camel and T. evansi ATP-
diphosphatase.

Nucleoside triphosphate phosphohydrolase

Nucleoside triphosphate phosphohydrolases
(nucleoside monophosphoate-forming, ATP-
diphosphatase, apyrase, ectonucleoside triphosphate
diphosphohydrolase, EC no. 3.6.1.5) present in
vertebrates including camel and some protozoa.
The enzyme was previously found by experimental
procedures (Weiss et al, 2015), yet it was not found
in the gene sequence databases after searching by
accession number or name of enzyme.

Deoxyuridine 5-diphosphate (dUDP)

The production of dUDP was proposed by
three production routes. In the synthetic direction,
deoxyuridine-5"-monophosphate (dUMP) is
phosphorylated by the kinase activity of dTMP
kinase. The degeneration of deoxyuridine
5 -triphosphate (dUTP) by nucleoside diphosphate
phosphatase, thymidine triphosphatase can yield
dUDP as shown in (Fig 13). The reduction of UDP
will give dUDP by the action of ribonucleoside
diphosphate reductase. After bioinformatics tools
application, the revised metabolic pathways of
camels and T. evansi is provided in Fig 14. Camel
and T. evansi shareed was common features of
dUDP pathways comprising the lack of thymidine
triphosphatase.
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LOOK CAMEL FOR MILK AND BEYOND MILK
The astonishing adaptations of the camel aren’t restricted to its milk. Here are a
few more that have their roots in the animal’s genes.
1. The urea cycle conserves nitrogen, used to make protein in the face of limited food.

2. The heart makes a lot of the protein a-actinin, enabling it to beat steadily through
fluctuating drought and wetness.

3. Hiked enzyme levels in the brain and liver keep up energy supplies.
4. Vimentin protein in cells in the hump mobilizes fat, releasing energy.

5. A camel’s streamlined nanobodies arose from a mutation that removed the hinges
that connect the Y-shaped arms of more conventional antibodies. Sometimes a
mutation is a good thing!

6. Further infection protection comes from the milk protein lactoferrin, which fights
hepatitis C.

7. Tolerating High Blood Sugar by camel-herding people in India, the Raika, drink
camel milk and don’t get diabetes.

(Camel Milk and Autism: Connecting the Genetic Dots, November 21, 2019 Ricki Lewis, PLOS
BLOGS DNA Science)
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ABSTRACT

Inflammation and infection biomarkers or acute phase proteins (APPs) can be used in diagnosis, prognosis
and in monitoring response to therapy, as well as in general health screening. It has also been suggested that APPs
may be useful in the assessment of animal welfare. Acute phase reaction or response (APR) is a positive (increase) or
negative (decrease) response of APPs to infection, inflammation, trauma or other causes and it might be a physiological
protective mechanism during inflammatory events. The APPs have received attention as biomarkers for APR due
to its low physiological levels, a fast incline, marked rise in concentration during APR that eases detection and a
fast decline after cessation of a stimulus. In ruminants, the major APPs are haptoglobin (Hp) and serum amyloid A
(SAA), and have been proposed as sensitive and rapid indicators of inflammatory disturbances. Hp is a major APP
in numerous species of livestock and domesticated animals as well as in camels. Elevated Hp concentrations occur
not only with inflammation, but also with some conditions not generally associated with inflammation or tissue
damage. SAA is considered also as one of the major acute-phase reactants in vertebrates. Elevated serum SAA levels
are found following inflammation and also under conditions unrelated to inflammation such as physical stress and
parturition. In camels, it was found that chronic infections as well as non-inflammatory stressors following parasitic
infections, at parturition, following stimulation by electroejaculation and following race stimulate APPs production.
This review describes the commonly used biomarkers in camel medicine as indicators of infection and inflammation.
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Biomarkers of infection and inflammation or
acute-phase proteins (APPs) are a class of proteins
whose blood concentrations increase (positive
APPs) or decrease (negative APPs) in response to
infection, inflammation or trauma (Murata et al, 2004;
Petersen et al, 2004; Ceron et al, 2005; Tharwat et al,
2014; Tharwat and Al-Sobayil, 2015; Tharwat and
Al-Sobayil, 2015, 2018a,b). This response is called
the acute-phase reaction or acute-phase response
(APR). The APR is a rapid, nonspecific, systemic
response occurring secondary to many types of
tissue injury and might be a physiological protective
mechanism during inflammatory events (Yazwinski
et al, 2013). The origin of APR can be attributed to
infection, inflammation, surgical trauma, or other
causes (Petersen ef al, 2004; Ceron et al, 2005), and
the purpose of the response is to restore homeostasis
and to remove its disturbance (Ebersole and Cappelli,
2000; Ceron et al, 2005). The APR is induced by
the pro-inflammatory cytokines IL-1, TNF-a and
especially IL-6 (Tizard, 2009). These cytokines
activate receptors on various target cells and promote

hormonal and metabolic changes leading to local and
systemic effects, including APP synthesis in the liver
(Petersen et al, 2004; Tizard, 2009).

In response to injury, local inflammatory cells
(neutrophil granulocytes and macrophages) secrete
a number of cytokines into the bloodstream. The
liver responds by producing a large number of APPs
(Petersen et al, 2004). The negative APPs include
albumin, the most abundant constitutive plasma
protein, and transferrin. The positive APPs include
Haptoglobin (Hp), C-reactive protein, serum amyloid
A (SAA), ceruloplasmin, fibrinogen and alpha 1-acid
glycoprotein (Eckersall and Bell, 2010).

In domestic animals, a critical mass of
knowledge on the use of APPs as biomarkers of
inflammatory conditions has accumulated over recent
years, so there is now sufficient understanding of
the pathophysiology of the response to support
the use of these compounds as diagnostic tools in
clinical settings (Eckersall and Bell, 2010; Tharwat et
al, 2014; Tharwat and Al-Sobayil, 2015; Tharwat and
Al-Sobayil, 2018a,b). In ruminants, the APPs have
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been proposed as sensitive and rapid indicators of
inflammatory disturbances (Eckersall, 2000; Eckersall
and Bell, 2010; Schneider et al, 2013).

In veterinary medicine, the APPs can be used
in diagnosis, prognosis and in monitoring response
to therapy, as well as in general health screening
(Eckersall and Bell, 2010). In ruminants, the major
APPs are Hp and SAA (Murata et al, 2004). In
cattle, Hp and SAA are effective in the diagnosis
and prognosis of mastitis, enteritis, peritonitis,
pneumonia, endocarditis, and endometritis (Gronlund
et al, 2003; Murata et al, 2004; Petersen et al, 2004).
Elevations in this protein have also been reported in
cows with fatty liver syndrome, at parturition, and
during periods of starvation and transport stress
(Uchida et al, 1993; Nakagawa et al, 1997; Katoh and
Nakagawa, 1999). It has also been suggested that
APPs may be useful in the assessment of animal
welfare (Eckersall, 2000; Murata et al, 2004; Murata,
2007; Baghshani et al, 2010). Six-fold increases in
Hp concentration were found in dairy cows with
infectious and metabolic disease at slaughter
compared to animals with minor lesions (Hirvonen
et al, 1997), and 40-fold and 7-fold increases in HP
and SAA, respectively were found in culled dairy
cattle with acute lesions, relative to healthy beef-type
animals (Tourlomousis et al, 2004).

Although not studied to the same extent,
the APR in camels appear similar to that in cattle
and chronic infections continue to stimulate APPs
production (Tharwat and Al-Sobayil, 2015; Tharwat
and Al-Sobayil, 2018a,b). The changes in APPs due
to various inflammatory and non-inflammatory
conditions have been studied intensively in many
animal species (Murata ef al, 2004; Murata, 2007).
The APPs have received attention as biomarkers
for APR due to its low physiological levels, a fast
incline, marked rise in concentration during APR that
eases detection and a fast decline after cessation of
a stimulus (Ceron ef al, 2005). This review describes
the commonly used biomarkers in camel medicine as
indicators of infection and inflammation; and to the
best of the author’s knowledge, this review is the first
to discuss such title.

Application of inflammation biomarkers in camel
medicine

Hp and SAA are the common used APPs in
camel medicine. Haptoglobin is an a2-globulin
synthesised in the liver (Eckersall and Bell, 2010)
and is a major APP in numerous species of livestock
and domesticated animals as well as in camels
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(Baghshani et al, 2010; Nazifi et al, 2012). Elevated Hp
concentrations occur not only with inflammation, but
also with some conditions not generally associated
with inflammation or tissue damage (Murata ef al,
2004; Baghshani et al, 2010). Another APP that is
considered one of the major acute-phase reactants
in vertebrates is SAA. Elevated serum SAA levels
are found following inflammation and also under
conditions unrelated to inflammation such as physical
stress and parturition (Murata et al, 2004; Baghshani
et al, 2010).

APR manifested by significant increases in Hp,
SAA, fibrinogen and interleukins were reported in
camels naturally infected with Trypanosoma evansi
(EI-Bahr and EI-Deeb, 2016). From another study,
it was also concluded that APPs could be used as
diagnostic and prognostic biomarkers in camels
with urinary tract infection (El-Deeb and Buczinski,
2015). Similarly, Hp and SAA were markedly
elevated in camels naturally infected with Toxoplasma
gondii (Azma et al, 2015). APR occurred in female
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Fig 1. Box and whiskers plots of serum haptoglobin and serum
amyloid A (SAA) in camels during the periparturient
period. Box represents the 75t and 25t percentiles while
whiskers extend to the 95t and 5t percentiles. TO, 3 wk
before expected parturition; T1, within 12h of parturition;
T2, 3 wk after parturition. Values with different letters
differ significantly (P<0.5) (Tharwat and Al-Sobayil, 2015).
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control group (n=10). TO: just before EEJ; T1: directly
after EEJ; T2: 24h after EEJ. 2b¢ Values differ significantly.
(Tharwat and Al-Sobayil, 2018a).

dromedary camels at parturition that was manifested
by significant increases in Hp and SAA as compared
to values before or after parturition (Fig 1) (Tharwat
and Al-Sobayil, 2015).

Generally, the APPs are secreted during the
inflammatory response (Eckersall and Bell, 2010).
However, in our recent study (Tharwat and Al-
Sobayil, 2015), significant increases of Hp and SAA
at parturition was found. These elevation detected
at parturition were not attributed to pathological
conditions, as the WBCs did not change significantly
at that time, thus confirming the absence of
pathological conditions. These elevations could be
due to cortisol and hormone release and to stress
resulting in numerous changes (Huzzey et al, 2011).
Parturition, often considered as a physical stress,
represents a variety of physical and psychological
stimuli that alter homeostasis and metabolism
(Trevisi et al, 2012). The mechanism behind the
stress-induced APPs release at parturition is not
known, but a hypothesis based on a neuroendocrine-
immune network concept has recently been put
forward, indicating that non-inflammatory and
psychophysical stressors activate the combined
action of the sympatho-adrenal axis and the
hypothalamic-pituitary-adrenal axis. This would
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affect both the immunity-related cells and the release
of glucocorticoids, and would ultimately lead to
the production and release of APPs. Therefore the
elevations in APPs or inflammation biomarkers
clearly differentiate the physiological response
to parturition versus the inflammation related to
pathologies during the periparturient period.

APR manifested by significant increases of
SAA has also been reported in camels subjected to
electroejaculation (EE]) (Fig 2) (Tharwat and Al-
Sobayil, 2018a). It was not attributed to pathological
conditions, as the WBCs did not change significantly,
thus confirming the absence of pathological
conditions. Therefore, these elevations, together
with the cortisol increases, could be due to a physical
“stress” resulting in the numerous changes (Huzzey
et al, 2011; Bauer et al, 2012). EE], often considered
as a physical stress, represents a variety of physical
and psychological stimuli that alter homeostasis and
metabolism (Tharwat and Al-Sobayil, 2018a).

As a result of stress, APR manifested by
significant increases of Hp and SAA was also reported
in camels after race (Fig 3) (Tharwat and Al-Sobayil,
2018b). In this study, the significant increases of
Hp and SAA after racing cannot be associated with
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pathological conditions as WBCs did not change
significantly after racing, thus confirming the absence
of pathological conditions. Therefore, these elevations,
together with the cortisol increase, could be due to a
physical “stress” resulting in the numerous changes
that occur during racing (Bauer et al, 2012). Exercise,
often considered as a physical stress, represents a
variety of physical and psychological stimuli that alter
the homeostasis and metabolism of animal organisms
(Mastorakos et al, 2005).

The mechanism behind the stress-induced
SAA release after EEJ] and race is not known, but
a hypothesis based on a neuroendocrine-immune
network concept has recently been reported (Murata,
2007). This indicates that the non-inflammatory and
psychophysical stressors activate the combined
action of the sympatho-adrenal axis and the
hypothalamic-pituitary-adrenal axis. This would
affect both the immunity-related cells and the release
of glucocorticoids, and would ultimately lead to
the production and release of APPs (Murata, 2007).
In addition, glucocorticoids have been shown to
induce or facilitate hepatic synthesis of APPs in vitro
(Alsemgeest et al, 1995).

Conclusions

This mini review sheds light on the commonly
used inflammation biomarkers or APPs (Hp and SAA)
in camel medicine. These biomarkers are elevated
in camels following non-inflammatory stressors
as parasitic infections, at parturition, following
stimulation by electroejaculation and following
race stimulate APPs prsoduction. It is expected that
APPs might be used in facilitating the diagnosis and
prognosis of camel diseases.
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ABSTRACT

This study was aimed to determine and compare CSF biochemical parameters in 8 healthy camels and 15 camels
with neurological signs. The important neurological signs observed were shivering, tremour, staggering, rotation of
the head, slight vision impairment and progressive worsening of general condition. Serum and CSF were collected
for the biochemical analysis of the parameters. The results revealed that there was an increase in ALB, AST, TP, MG,
NA, and TBIL values in the CSF obtained from camels showing neurological sings as compared to healthy camels.

Key words: Biochemical, camel, CSF, neurological signs, serum

Cerebrospinal fluid CSF) normally surrounds
the brain and spinal cord and protects these from
injury and nourishes and support central nervous
system (Scott, 2010; Simon and 1liff, 2016). However,
CSF is considered as a source of nutrition for the
parenchyma of the brain and spinal cord (Achard
et al, 2017). The normal chemical values of CSF in
different animal species has been documented, i.e.
horses, sheep, cattle, cats, dogs and various laboratory
animals (Abate et al, 1998; Ahmed et al, 2009a; Ameri
and Mousavian, 2007; Di Terlizzi and Platt, 2006;
Nazifi and Maleki, 1998b; Stocker et al, 2002; Stokol
et al, 2009; Welles et al, 1992b). Shawaf et al (2018)
recently reported values for CSF constituents from
healthy camels in Saudi Arabia.

The comparison of CSF analysis to serum has
been used for diagnostic investigation of systemic
abnormalities (Benedicenti et al, 2018; Stokol
et al, 2009). However, the composition of CSF is
strongly dependent on blood plasma constituents.
Alterations in cerebrospinal fluid could be due to
physiological and environmental conditions and
diverse neurological diseases (Achard et al, 2017;
Stokol et al, 2009).

Cerebrospinal fluid examination is done for
inflammatory, neoplastic, traumatic, infectious, or
degenerative disorders of the nervous system (NS)
(Windsor et al, 2008), however, CSF analysis can rarely

deliver a definitive diagnosis (Di Terlizzi and Platt,
2009).

Chemical analysis of CSF can provide evidence
and information about the metabolism of the brain.
It can also aid in the evaluation of CNS disruption,
and it aids in biomarkers identification for the
diagnosis of CNS diseases (Johanson et al, 2008).
Cellular and chemical analysis of cerebrospinal fluid
in different animal species have been used to monitor
neurological disorders (Kumar and Kumar, 2012;
Lampe et al, 2020; Simon and Iliff, 2016; Stokol et al,
2009). The cellular and biochemical parameters of
cerebrospinal fluid helps in the evaluation of nervous
system health status of living animals (Al-Sagair ef
al, 2005; Bellino et al, 2015; Frosini et al, 2000; Welles
et al, 1992a).

Neurological signs observed in camels can be
classified as infectious or noninfectious (Babelhadj
et al, 2018; Shoeib et al, 2019). The infectious causes
include viral, bacterial and prions diseases while the
non-infectious causes are nutritional disorders. The
neurological signs in camels manifest behavioural
and neurological changes, i.e. meningitis, encephalitis,
rhomboencephlistis, meningoencephalitis, stillbirth
and abortion El Dobab et al (2008). Babelhadj et al
(2018) studied neurological signs in camels and found
severe spongiform degenerative changes in the brain
tissues along with disease-specific prion protein.
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The main objective of this study was to
determine and compare CSF biochemical parameters
in healthy camels, and in camels with neurological
signs.

Materials and Methods

Animals and sampling

Fifteen dromedary camels (age 2-21 years) with
a history of neurological symptoms presented to the
Veterinary Teaching Hospital, King Faisal University
were investigated in this study. The main neurological
symptoms observed in these animals were shivering,
tremour, staggering, rotation of the head, slight vision
impairment and progressive worsening general
condition. Eight apparently healthy camels were
used for comparison. Clinical examination was
performed on all the subjected animals, venous blood
samples were collected from the jugular vein. Animals
were sedated and cerebrospinal fluid samples were
collected aseptically from the Atlanto-occipital
articulation as described by Shawaf et al (2018).

Biochemical samples analysis

Cerebrospinal fluid and serum samples were
processed using Vet scan vs 2 analyser (ABAXIS,
USA) to determine the concentration of albumin
(ALB), gamma glutamyl transferase (GGT), aspartate
aminotransferase (AST), alkaline phosphatase,
total serum protein (TP), creatine kinase (CK),
blood urea nitrogen (BUN), inorganic phosphorus
(PHOS), potassium (K), magnesium (Mg), chloride
(Cl), Sodium (Na), calcium (Ca), amylase, alanine
aminotransferase, total bilirubin (TBIL), glucose
(GLU) and creatinine (CRE).

Statistical analysis

Data was recorded in Excel spreadsheets and
imported into Graph Pad Prism 7 software for further
analyses. The data was analysed to determine the
range, mean and standard error of the mean. To
determine the significance, the student’s t-test was
used with a significance factor of P < 0.05.

Results

Table 1 shows the mean+SEM values of the
chemical parameter’s in the serum of clinically
healthy dromedary camels (n=8) and camels
with neurological disorders (n=15). The obtained
results showed a significant increase in the serum
parameters, i.e. ALB, AST, CK, Na, ALT, and TBIL
in the affected camels, while a significant decrease
in ALP, PHOS, Mg, K, and AMY were observed. No
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significant difference was observed in the following
serum parameters of the affected and healthy camels,
i.e. GGT, TP, BUN, Ca, Cl, CRE and Glucose.

Table 2 showed the mean+SEM values of the
chemical parameters in the serum and CSF in camels
with neurological disorders (n=15). Most parameters
showed significant decrease in the CSF in comparison
to values in serum. Only the chloride value was
increased significantly in CSF compared to its value
in serum of affected animals. No significant changes
were observed in Mg, Na and K values among serum
and CSF in affected animals.

The mean+SEM of CSF chemical parameters
(Table 3) revealed that there was a significant increase
in ALB, AST, TP, Mg, NA, and TBIL values in the
CSF of affected animals. There was a significant
decrease in CSF-Glucose in affected camels compared
to healthy camels. However, there were no significant
differences in ALP, GGT, CK, ALT, PHOS, Ca, Cl, K,
ALT, BUN, AMY and CRE values.

Discussion

CSF chemical parameters compared to serum
parameters are frequently used for diagnostic
purposes, and to explain the nature of the disease
process in CNS diseases and its severity (Kulkarni
et al, 2009; Shawaf et al, 2018). Clinically, it was
difficult to determine the main cause of neurological
disorders in camels because these symptoms could
be manifested by various other diseases (El Dobab et
al, 2008).

In the present study, the concentrations of most
biochemical parameters of the CSF for the camels with
neurological symptoms were decreased compared
to the levels in the serum. The same findings were
reported in healthy camels (Nazifi and Maleki, 1998a;
Saladin, 2012; Shawaf et al, 2018). This result may
conclude that the values of biochemical parameters
for camels are generally lesser in CSF vis-a-vis serum
in both healthy and diseased animals, hence must be
evaluated carefully for diagnostic purposes.

The results of this study revealed that AST
levels were lesser in the CSF than serum which were
in agreement with Ahmed et al (2009b) and Shawaf
et al (2018) who also found similar results in camels.
On the other hand, increased values of CSF-AST of
affected camels as compared with healthy camels was
in agreement with Tapiola et al (1998) in the case of
Alzheimer’s disease in humans. Increased AST in CSF
for patients with meningitis was reported possibly
due to outflow of enzymes from the destroyed cells
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of CNS (Kulkarni et al, 2006). However, Thrall (2004)
stated that the bigger molecules of AST, which
can’t pass through the blood brain barrier, leads
to increased activities of this enzyme in the CSF,
which could indicate damage of CNS cells. Moreover,
Feldman (1997) and Indrieri et al (1980) stated a poor
prognosis in affected animals with high AST levels
in CSF. Normally, all the proteins which are found in
the CSF are derived from plasma (Reiber ef al, 2013),
the levels are inversely related to its molecular weight
(William Vernau ef al, 2008). CSF protein levels are
considered as one of the most sensitive indicators of
a pathological process within the CNS (Kumar and
Kumar, 2012). Similar results for the total protein
in CSF of healthy camels were reported in healthy
sheep (George, 1996). The total protein in CSF was
in contrast with observations from a previous study
in cattle (Welles et al, 1992a) and dogs (Hoerlein,
1978). Kumar and Kumar (2012) reported increased
total protein in CSF in animals with viralor bacterial
disease with was in agreement with the results of
present study. According to Polizopoulou (2014)
the increased concentrations of CSF total protein
especially albumin can be attributed to the increased
permeability of the blood-brain barrier. In contrast
to our results, Bellino et al (2015) and Kumar (2012)
reported less total protein concentration in CSF for

affected cattle. However, Kumar and Kumar (2012)
also reported decreased CSF protein in animals
suffering from degenerative changes in CSN.

The main CSF protein is albumin which is
produced only in the liver (William Vernau et al,
2008). Albumin synthesis only occurs extrathecally,
while its increased level in CSF indicates damage to
the CSF blood-brain barriers or CNS trauma. Barrier
dysfunction can also be indicated by the ratio between
CSF and serum albumin (William Vernau et al, 2008).
A significant increase in CSF albumin was detected in
the neurologically-manifested camels. Accordingly,
this could indicate brain or meningeal diseases in the
examined camels.

Creatinekinase (CK) consists of M and B
subunits and may be traced in the brain, muscle,
and heart (Ferreira ef al, 2016). The results obtained
indicated a highly significant elevation in the serum
CK value for affected camels, compared to the CSF-
CK value. This could be attributed to muscle damage
during irregular movements, ataxia, or recumbency as
a result of neurological disorders (Teodoro et al, 2019).
The increased CK levels in CSF for affected animals
compared to healthy animals was in agreement with
Indrieri et al (1980); Jackson et al (1996); Kjekshus et al
(1980) who observed a close correlation between the
amount of brain injury and CSF-CK activity.

Table 1. Mean, SEM and range of biochemical value of blood serum in clinically normal dromedary camels (n=8) and camels with

neurological disorders (n=15).

Serum in healthy camels Serum in affected camels
Parameter P value
Mean £ SEM Range MeantSEM Range
ALB (g/dl) 3.21+0.24 2.4-4.0 5.28 + 0.36** 4.1-6.7 0.009
ALP (IU/1) 183.8 £11.32 166-199 112.4 £13.96** 48-156 0.007
AST (IU/1) 143 £11.33 121-174 235.9 +93.01** 93-754 0.0095
GGT (IU/1) 14.45+1.76 12.5-16.4 17.86 +5.02 10-47 0.25
TP (g/dl) 6.96 +0.33 6.43-7.23 717 £0.25 6.5-8.3 0.28
BUN (mg/dl) 14.2+0.82 12.43-16.2 20.59 +2.37 12-47 0.14
CK I0/1) 111.2+£25.7 95-145 277.1£ 73.2%%* 168-714 0.008
PHOS (mmol/1) 598 +1.32 3.3-7.7 3.09 + 0.28** 22-42 0.01
Mg (mmol/1) 2.83+0.22 2.3-3.1 213 +£0.15** 1.9-2.2 0.008
Ca (mmol/I) 9.68 £0.33 9.2-10.5 10.1+0.34 8.9-11.2 0.35
Na (mmol/1) 151.1 £1.60 148-154 158.9 £2.37* 148-166 0.03
Cl (mmol/I) 113.5+1.68 111-120 118 £1.31 114-122 0.1
K (mmol/1) 5.8 +0.56 4.8-6.2 4.66 +0.18* 418-5.5 0.02
ALT (IU/1) 14.11+£1.29 12-15 18.14 £1.33* 14-25 0.017
AMY (IU/]) 488.3+21.8 461-533 270.9 +42.2** 105-450 0.003
TBIL (umol/1) 0.2+0.03 0.1-0.3 0.46 +0.14* 0.1-1.3 0.05
CRE (mg/dl) 1.39+0.18 1-1.75 1.27+0.12 0.8-1.8 0.28
GLU (mg/dl) 101.8 +15.61 71-143 97.7+19.19 64-119.4 0.1
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Table 2. Mean, SEM and range of biochemical values of serum and CSF in affected dromedary camels with neurological disorders

(n=15).
Serum in affected camels CSF affected camels
Parameter P Value
Mean = SEM Range Mean + SEM Range

ALB (g/dl) 528 £0.36 41-6.7 0.77 £ 0.09*** 0.41-1.02 0.0009
ALP (IU/]) 112.4 £13.96 48-156 53.43 £ 1.72** 48.2-59.3 0.008
AST (1U/1) 235.9 £ 93.01 93-754 33.14 £ 2.24*** 25.8-41.35 0.0008
GGT (IU/1) 17.86 + 5.02 10-47 4.54 + 0.53*** 4.12-9.98 0.00075
TP (g/dl) 717 +£0.25 6.5-8.3 1.06 £ 0.18*** 0.82-1.52 0.00033
BUN (mg/dl) 20.59 £2.37 12-47 9.33 £1.32** 9.90-10.90 0.006
CK (1U/1) 277.1+73.2 168-714 30.14 £ 3.01%** 21.3-39.8 0.0008
PHOS (mmol/1) 3.09£0.28 2.2-42 0.51 £ 0.08*** 0.20-0.89 0.0009
Mg (mmol/I) 213 +£0.15 1.9-2.2 2.63£0.11 2.1-2.92 0.38
Ca (mmol/1) 10.1+£0.34 8.9-11.2 5.14 £ 0.31** 3.48-6.01 0.008
Na (mmol/1) 158.9 £2.37 148-166 161+ 3.18 144-171 0.19
Cl (mmol/1) 118 £1.31 114-122 136 +1.18* 127-140 0.045
K+ (mmol/1) 4.66 £0.18 418-5.5 452+0.14 3.92-4.88 0.21
ALT (IU/1) 18.14+1.33 14-25 10.57 + 0.53** 8.2-12.12 0.007
AMY (IU/]) 2709 £42.2 105-450 11.43 £ 0.78*** 10.65-14.47 0.0006
TBIL (umol/1) 0.46 £ 0.14 0.1-1.3 0.24 £ 0.04* 0.11-0.42 0.018
CRE (mg/dl) 1.27£0.12 0.8-1.8 0.57 £ 0.06** 0.38-0.83 0.0035
GLU (mg/dl) 97.7 £19.19 64-119.4 72.3 +£10.4* 59-83.6 0.031

Table 3. Mean, SEM

and range of biochemical values of CSF in

healthy (n=8) and affected dromedary camels with neurological

disorders (n=15).
Parameter CSF in healthy camels CSF in affected camels P Value
Meant SEM Range Meant SEM Range
ALB (g/dl) 0.15+0.03 0.1-0.19 0.77 £ 0.09** 0.41-1.02 0.0014
ALP (IU/]) 51.07+1.4 48-55 53.43+1.72 48.2-59.3 0.36
AST (IU/1) 25.24 +2.82 22-30 33.14 + 2.24* 25.8-41.35 0.026
GGT (IU/1) 53+235 3-8.2 4.54 +£0.53 4.12-9.98 0.21
TP (g/dl) 0.71+0.04 0.62-0.86 1.06 £0.18* 0.82-1.52 0.018
BUN (mg/dl) 8.98 £0.75 8.8-12.9 9.33+1.32 9.90-10.90 0.26
CK IU/1) 24.85 +3.39 17-30 30.14 +3.01 21.3-39.8 0.08
PHOS (mmol/1) 0.64 +0.08 0.5-0.91 0.51 +£0.08 0.20-0.89 0.095
Mg (mmol/1) 2.11+0.07 2-2.3 2.63 +0.11* 2.1-2.92 0.018
Ca (mmol/I) 4.77 +0.08 4.6-5.0 514 +0.31 3.48-6.01 0.17
Na (mmol/1) 153.5£0.82 151-156 161 £3.18* 144-171 0.019
Cl (mmol/I) 1283 +£2.2 123-133 136 £1.18 127-140 0.095
K+ (mmol/1) 4.22+0.04 4.2-433 452+0.14 3.92-4.88 0.11
ALT (IU/1) 10.54 £0.43 10.1-11.8 10.57 £0.53 8.2-12.12 0.47
AMY (IU/1) 9.71+1.23 8-15 1143 +£0.78 10.65-14.47 0.075
TBIL (umol/1) 0.14 +£0.02 0.1-0.2 0.24 +0.04* 0.11-0.42 0.028
CRE (mg/dl) 0.6 +0.06 0.5-0.7 0.57 £ 0.06 0.38-0.83 0.35
GLU (mg/dl) 90.8 £9.69 100.3-80.2 72.3 £10.4* 59-83.6 0.037
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In the current study an increase in the
concentrations of sodium values was found in both
the serum and the CSF from affected camels. Kulkarni
et al (2009) reported the similar results for sodium
in CSF in poisoned cases. Our results agreed with
Kumar and Kumar (2012), who reported that Na
concentrations are similar in both CSF and serum.

The obtained results for Cl and Ca levels were
in agreement with Kumar and Kumar (2012). Chloride
levels were higher in the CSF than in the blood, while
the calcium concentration was less in CSF for healthy
and affected groups. Contrary to our results Tan et al
(2014) reported decreased values of Cl in CSF patients
with bacterial meningitis. According to Kumar and
Kumar (2012), the increased concentrations of CSF-Ca
indicates the presence of damage in the blood brain
barrier.

Magnesium has an important role in the nervous
system for ideal nerve transmission, calcium channel
antagonism and neuromuscular coordination. It also
helps to prevent excitotoxicity (Grober et al, 2015). The
results for Mg in serum and CSF in affected camels
were interesting. The Mg concentration decreased
in serum from affected animals in comparison to its
levels in serum from healthy animals, while there was
an increase in CSF-Mg for affected animals compared
to its levels in CSF of healthy animals. Our results for
decreased magnesium in serum from affected camels
were in agreement with earlier observations in camels
affected with Dubduba Syndrome (Al-Mujalli et al,
2011). However, it is well known that insufficiency
of Mg results in muscle cramps, increased irritability,
weakness, tremors and jerking (Al-Mujalli et al, 2011).
Similar to our results Reynolds et al (1984) reported
increase in CSF-Mg and decrease in serum of calves
affected with hypomagnesaemia. Similarly, results
of increased CSF-Mg in people with epilepsy was
reported (Alvarez-Dominguez et al, 1978; lleana Benga
et al, 1985). In contradiction to our results, Bayir ef al
(2009) reported lower CSF-Mg in people with brain
injuries. The difference in Mg concentration among
serum and CSF in affected animals could be attributed
to the fact that there is no direct relation between Mg
in serum and CSF, which confirms the theory that
the infusion of Mg compounds into blood had no
influence on CSF-Mg concentrations (Mercieri ef al,
2012).

CSF glucose is transported through facilitated
diffusion from the plasma, in which its levels in
CSF are relying on glucose levels in the blood-CNS
metabolic rate, and glucose amount delivered into
the CSF (William Vernau et al, 2008). The ratio of
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CSF/serum glucose are ranged between 40-60% in
healthy camels (Ahmed et al, 2009b; Shawaf et al,
2018). Decreased CSF-glucose in affected camels
compared to healthy camels in the present study
was in agreement with previous studies in humans
with several disorders of the nervous system
like meningitis (Roberts et al, 2014; Troendle and
Pettigrew, 2019) and severe encephalomyelitis
(Troy et al, 2008); and also with dogs with nervous
distemper (Ettinger and Feldman, 2005). Additionally,
a decreased glucose levels in CSF (hypoglycorrhachia)
in animals is related with bacterial meningitis or
systemic hypoglycemia (Bailey and Vernau, 1997;
George, 1996), which agreed with the results of this
study in camels that are affected by neurological
disorders. The serum glucose of affected camels was
decreased in the present study compared to the levels
in serum of healthy camels, which could explain its
lower levels in CSF in affected camels. However,
Deisenhammer et al (2011) also reported that the
elevated levels of CSF glucose had no significant
diagnostic importance, as it proportionately increased
with blood glucose in case of diabetes.
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ABSTRACT

The present study was aimed to characterise Klebsiella oxytoca obtained from nostrils of camels (Camelus
dromedarius) with special reference to antibiotic resistance pattern. Total 68 samples of infected camels were examined
and out of these, 33 (48.53%) were found to be positive for K. oxytoca, which were further confirmed phenotypically
and genotyped by species specific primer based on pehX gene of 344bp amplicon size. The isolates were characterised
for biochemical properties and analysed to evaluate the susceptibility against 26 antimicrobials. It was found that
100% isolates were resistant to eight antibiotics namely amoxycillin, ampicillin, bacitracin, clindamycin, oxacillin,
rifampicin, sulfadiazine and vancomycin, while all isolates were completely sensitive to cefepime and imipenem.
Variable resistance patterns were recorded for other studied antibiotics.

Key words: Camels, Klebsiella oxytoca, pehX gene, respiratory tract infections, superbug

K. oxytoca is ubiquitous in the environment and
is an opportunistic pathogen that can be cultured
from the skin, mucous membranes, oropharynx
and intestines as well as a variety of tissues from [-
clinically affected humans and animals (Stojowska
and Krawczyk, 2016). In animals, Klebsiella are
mostly associated with sepsis, urinary tract infections,
meningitis and mastitis (Chander et al, 2011). Antibiotic
resistance and virulence of K. oxytoca is poorly
understood (Herzog et al, 2014; Darby et al, 2014).

K. oxytoca exhibits both natural resistance to
penicillins and has acquired various chromosomal and
plasmid associated genetic mechanisms of antibiotic
resistance, thus hampering disease management and
it also has the enzymes such as extended spectrum
B-lactamases (ESBL) and carbapenemases that have
a role in resistance to P-lactam antibiotics and other
antibiotics (Fenosa et al, 2009). Thus, investigation
undertaken in present study becomes important not
only in terms of biochemical profile but also to analyse
the antibiotic resistance pattern of K. oxytoca.

Materials and Methods

Sample collection

A total of 68 deep nasal swab samples were
collected from nostrils of camels with nasal discharge,

high temperature, loss of appetite and pneumonic
clinical signs. Samples for bacteriology were placed
in polythene bags and kept in flask containing ice
and taken to the laboratory as early as possible
(Cheesebrough, 2000).

Isolation and identification

All samples were subjected to cultivation
on Simmon’s citrate agar with 1% inositol (SCIA),
MacConkey agar (MCA) and Eosin methylene blue
(EMB) agar followed by various other biochemical
tests (Van Kregten et al, 1984). The phenotypically
identified isolates were further confirmed
genotypically on the basis of pehX gene amplification
with amplicon size of 344bp including forward
primer (5" GAT ACGGAG TAT GCC TTT ACG GTG
-3’) and reverse primer (5'- TAG CCT TTA TCA
AGC GGA TAC TGG -3'). The PCR reactions were
carried out as described earlier by (Kovtunovych et
al, 2003) using Promega (USA) gene amplification
kit and thermocycler (Mastercycler® nexus gradient)
conditions were: Initial denaturation step of 2 min at
95°C, followed by 30 amplification cycles (94°C, 20s;
59°C, 20s; 72°C, 30 s) and a final elongation step of 10
min at 72°C. The PCR products were separated in an
8% native Polyacrylamide gel electrophoresis PAGE
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(Sambrook and Russel, 2001). The gel was analysed
under UV light (Azure 300 Chemi docu system).

Investigation of antibiotic susceptibility pattern

Total 26 antibiotics (Hi-Media) of various
groups were examined for antibiotic susceptibility
pattern of confirmed Klebsiella oxytoca isolates by
disc diffusion method as per technique described
by Kirby-Bauer method (Bauer et al, 1966) by using
Mueller-Hinton agar. The log phase cultures were
spread evenly on Meuller Hinton agar plates and
antibiotic discs were aseptically placed on the agar
surface. Samples were incubated aerobically for
18-24 hours at 37°C and the zones of inhibition were
measured to the nearest millimetre. After inhibition
zone measurement, organisms were classified as
Sensitive (S), Intermediate sensitive (I) or Resistant (R)
as per defined by CLSI (2017).

Results and Discussion

Out of 68 samples, 33 isolates were obtained
after growth on Simmon’s citrate agar (SCAI) with
1% inositol, where they showed yellow mucoid dome
shaped colonies, all isolates were further confirmed
by growth on Eosin Methylene Blue (EMB) agar
where 100% isolates showed dark mucoid colonies
without metallic sheen, expressed pink mucoid
lactose fermenting colonies on Mac-Conkey agar and
exhibited yellow mucoid colonies on Bromo Cresol
Purple (BCP) agar. The phenotypically identified
isolates were confirmed on the basis of pehX species
specific gene primers with amplicon size of 344bp,
which confirmed all isolates as Klebsiella oxytoca (Fig.1).
In the present study, 100% isolates were observed
with typical IMViC pattern of K. oxyfoca viz. +-++.
All the isolates were able to reduce the nitrates and
utilise the malonate including hydrolysation of the
aesculin and decarboxylation of the lysine. To study
the phenotypic expression of antibiotic resistance,
antibiogram of the K. oxyfoca isolates were carried out,
against the selected 26 commonly used antibiotics in
veterinary therapeutics. Out of the total antibiotics,
cefepime and imipenem were most effective with
100% efficacy while amoxycillin, ampicillin, bacitracin,
clindamycin, oxacillin, rifampicin, sulfadiazine and
vancomycin were found to be least effective. In the
studied isolates, more than 90.0% sensitivity was
observed for norfloxacin and gentamicin while for
other sensitivity ranged from 36.3% to 87.8%.

Being ubiquitous, Klebsiella oxytoca has shown
their presence in water, soil and on plants (Podschun
& Ullmann, 1998). This bacteria has also been detected
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on the mucosal membranes of both healthy and
diseased mammals including human (Darby et al,
2014), animals, poultry (chicken) and has also been
reported in various reptiles such as green anoles,
garter snakes reptile, wild tuatara and green turtles
by different scientists (Goldstein et al, 1981; Santoro
et al, 2006; Gartrell et al, 2007; Nthenge et al, 2008;
Jackson, 2016).

Similar to present study, Santoro et al (2006)
observed that 31.0% of green turtles were positive
for K. oxytoca. Similarly, 20% & 17.0% occurrence
was reported in garter snakes and green anoles by
Goldstein et al (1981), Jackson (2016), respectively.
However, lower prevalence (3.0%) was reported by
Gartrell ef al (2007) in wild tuatara. Present study
as well as past studies such as haemorrhagic colitis
(diarrhoea) in hospitalised patients (Cheng et al, 2012;
Rath and Padhy, 2014), pneumonia, urinary tract and
skin infections (Herzog et al, 2014) suggests certain
adaptations on part of opportunistic K. oxytoca strains
that are not only infecting animals but also humans
as well.

Biochemical profile of Klebsiella isolates in
present study is similar to profiles observed by Davis
et al (1987), Rath and Padhy (2014) and Trivedi et al
(2015) in various studies. However, few variations
were also reported by Monnet and Freney (1994)
who pointed out that 97.0% isolates were positive
for indole production. Further, looking into the
variability pattern of other biochemical tests such
as positive gelatin liquefaction (Power and Calder,

Fig 1. pehX species specific gene based genotyping of Klebsiella
oxytoca (344bp) isolates (8% native PAGE)
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1983), growth on 10°C (Kovtunovych et al, 2003) and
negative citrate utilisation (Trivedi et al, 2015), the
genotypic characterisation becomes significant. In
the present study all isolates were characterised as
K. oxytoca with species specific pehX gene. Similar to
present study, Chander et al (2011) and Kovtunovych
et al (2003) have also found that this genotypic method
has good repeatability, sensitivity and specificity.

Similar to present study, other researchers
have also reported good efficacy of third generation
cephalosporins, B-lactamase inhibitor combinations,
fluoroquinolones, trimethoprim-sulfomamides,
gentamicin and carbapenem antibiotics (Brisse and
Duijkeren, 2005; Rath & Padhy, 2014). Similarly,
complete resistance to ampicillin and other beta
lactams was reported by Trivedi et al (2016) in human
clinical samples (Darby et al, 2014) in lab animals
and non-human primates isolates and (Nthenge et al,
2008) also detected similar resistance pattern among
K. oxytoca isolates obtained from chicken samples. In
agreement to present study, ciprofloxacin and colistin
efficacy was reported by Labrador & Araque (2014)
and Singh et al (2016) for K. oxytoca isolates of human
origin. However, indifferent to present study Singh
et al (2016) observed some resistance for imipenem,
meropenem, gentamicin and ciprofloxacin among
human isolates. Labrador and Araque (2014) have
also detected similar resistance pattern and further
explained that the strains of K. oxytoca are resistant
to amino-penicillins and carboxy-penicillins due to
the production of P-lactamases and other similar
enzymes. In present study and also reported in earlier
studies (Darby et al, 2014; Sato et al, 2015) K. oxytoca
has been observed with resistance to many antibiotics
such as beta lactams, fluoroquinolone, cephalosporins,
aminoglycosides etc.

Conclusion

Klebsiella oxytoca exists with variable phenotypic
characteristics and genotypic confirmation with
species specific primers based on pehX gene may be
an important tool for molecular epidemiology as
well as field diagnostics. Looking into the scarcity of
literature of K. oxytoca with special reference to camel,
this study suggests further genotypic characterisation
of K. oxytoca isolates including investigation
of virulence genes as well as study of antibiotics
resistance dynamics of animal origin isolates.
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ABSTRACT

The present study aimed to investigate the effectiveness of camel milk (CM) in alleviating alcohol-induced
hepatotoxicity as a model of clinical liver illness. Male mice were divided into 4 groups: pair-fed control (PE), ethanol
(ET), camel milk treated group (CM) and cow milk treated group (NM). Mice from the PE ingested a Lieber-DeCarli
controls liquid diet, while mice from the ET, CM and NM groups ingested a Lieber-DeCarli alcohol liquid diet of 8
weeks. Camel milk and cow milk were orally administered from the beginning of the 4t week until the end of the
experiment. Mice from camel milk group was observed to significantly reduce the levels of serum ALT, AST and LPS
compared with other groups. The hepatic steatosis was improved after camel milk administration and attenuated
alcohol-induced oxidative stress by declining the level of hepatic oxidants. In addition, the production of apoptosis
was inhibited by preventing the formation of TNF-a in the CM group. These results showed that camel milk may
alleviate alcohol-associated hazards and protect hepatic tissue from alcohol-induced toxicity.

Key words: Alcohol liver injury, camel milk, hepatoprotective, lipopolysaccharide

Alcoholic liver disease (ALD) is one of the most
prevalent liver diseases in Europe and the United
States. The disease can be caused by the chronic
consumption of alcohol exceeding a certain daily
amount (>40g/day) (Seitz et al, 2018), which varies
from different individuals (Akinyemiju et al, 2017). In
the early stages of the disease, alcoholic fatty liver (an
accumulation of triglycerides in hepatocytes) usually
develop and progress to alcoholic hepatitis, fibrosis,
cirrhosis and hepatocellular carcinoma. According
to the statistics, chronic heavy alcohol consumption
(>40g of alcohol per day) of a sustained period
(months or years) will result in 90-100% individuals
developing alcoholic fatty liver. Among them, only
10-35% individuals who continue with chronic
heavy alcohol consumption will develop alcoholic
steatohepatitis, which is characterised by inflammation
of the liver with concurrent fat accumulation in liver.
While, only 8-20% chronic heavy drinkers develop
alcoholic liver cirrhosis, of these patients, 2% develop
hepatocellular cancer per year.

Comprehensive research shows that camel
milk has inestimable value to human disease
prevention, health and longevity (Hammam, 2019).
In recent years, a great deal of research has been
conducted on the therapeutic effects of camel milk

on the improvement in liver disease symptoms and
treatment side effects. The treatment of ethanol-
induced hepatotoxicity in rats with camel milk had a
tendency to alleviate liver damage by its antioxidant
activity or to its chelate effects on toxicants (Elhag et
al, 2017). A research on rats revealed that camel milk
may improve hypercholesterolemia (Meena et al,
2018). Overall, camel milk contains factors that may
be protective and therapeutic to the liver disease.
Camel milk has a wide range of an antioxidant,
antibacterial and immunomodulatory properties.
However, scarce research has been done on the
protective effect of camel milk on alcoholic liver
injury. In this study, we investigated the therapeutic
and repairing effects imparted by camel milk in a
mouse model of ALD.

Materials and Methods

Chemicals

Ethanol (299.9%, absolute ethanol) was
purchased from FUCHEN Chemical Reagents
Company (Tianjin, China), while camel milk and cow
milk were purchased from camel farm in Bayan Nur
City, Inner Mongolia, China.

Alanine transaminase (ALT), aspartate
transaminase (AST), malondialdehyde (MDA),
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superoxide dismutase (SOD), glutathione (GSH) and
triglyceride (TG) kits were provided from Nanjing
Jiancheng Bioengineering Institute, China.

Caspase-3, lipopolysaccharide (LPS),
interleukin-1p (IL-1p), interleukin-6 (IL-6) and tumour
necrosis factor-a(TNF-a) were determined using
enzyme-linked immunosorbent assay (ELISA) kits
that were provided by Shanghai Enzyme-linked
Biotechnology Co, Ltd, China.

Animal Treatment

Male C57BL/6N mice weighing 18-20 g were
obtained from Charles River (Beijing Vital River
Laboratory Animal Technology Co. Ltd, China). The
animals were housed in standard plastic cages in an
environmentally controlled room which was housed
in a temperature (25+2°C) and relative humidity (65%-
75%) with a 12 : 12 light dark cycle (Yu et al, 2016).
The animals received humane care and all protocols
were approved by Animal Care and Use Committee
at Inner Mongolia Agricultural University. After one
week of acclimatisation with chow diet, the animals
were randomly divided into 4 groups of 6 animals in
each group. Pair-fed with isocaloric Lieber-DeCarli
liquid diets (TROPHIC Animal Feed High-Tech Co.
Ltd, China) for 8 weeks as the following;:

(1) Pair-fed control group (PF, n=6), receiving
regular Lieber-DeCarli liquids diets;

(2) Ethanol group (ET, n=6), receiving ethanol
containing Lieber-DeCarli liquid diets (28% of total
calories as ethanol);

(3) Camel milk treated group (CM, n=6),
receiving ethanol containing Lieber-DeCarli
liquid diets (28% of total calories as ethanol) and
administrated camel milk by the gavage (3g/kg body
weight);

(4) Cow milk treated group (NM, n=6),
receiving ethanol containing Lieber-DeCarli
liquid diets (28% of total calories as ethanol) and
administrated milk by the gavage (3g/kg body
weight); The ethanol content of the diet gradually
increased over a 7-day period (no ethanol for day 2,
one fourth of the given amount for days 3-4, half of
the given amount for days 5-6, two-thirds of the given
amount for days 7-8 and full amount for the rest). At
the ninth week, ethanol-fed and pair-fed mice were
gavaged in the early morning with a single dose of
ethanol (5 g kg- 1 body weight) or isocaloric maltose
dextrin and euthanised 9 h later. Blood samples were
collected by the retrobulbar vessels and allowed to
clot for 45 min at room temperature. After standing
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for 3 h, the serum was separated by centrifugation
(1500 rpm, 10 min and 4°C) and stored at - 80°C for
biochemical analysis. In addition, body weight of
the mice was weighed once a week, before and after
the experiment. After the experiment, the mice in
different groups were sacrificed promptly by cervical
vertebra dislocation. Livers were dissected quickly,
washed twice with phosphate buffer saline, blotted
dry on a filter paper and wet weight were measured
then stored at - 80°C (Li et al, 2015).

Biochemical Analysis

Measurement of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels in
serum.

In order to evaluate the liver-protection capacity
of camel milk, the levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) in
mice receiving camel milk were compared with
the ET group. The levels of ALT and AST in mouse
serum were determined using commercial assay kits
according to the manufacturer’s protocols.

Measurement of LPS level in serum

The LPS level in serum was measured by
using enzyme-linked immunosorbent assay (ELISA)
kit according to the procedure supplied by the
manufacturer.

Determination of malondialdehyde (MDA),
superoxide dismutase (SOD), glutathione (GSH)
levels in the liver

After homogenisation and centrifugation, the
supernatants of liver tissues were evaluated for the
content of malondialdehyde (MDA), the activity
glutathione (GSH) and superoxide dismutase (SOD)
were measured according to the commercial assay
kits.

Determination of triglyceride (TG), Caspase-3
activity and TNF-a, IL-1f and IL-6 levels in liver
tissue

The level of TG in liver was measured according
to the commercial assay Kkits.

Caspase-3 activity, TNF-o, IL-1f and IL-6
levels were measured by using enzyme-linked
immunosorbent assay (ELISA) kit according to the
procedure supplied by the manufacturer.

Statistical Analysis

The data were expressed as mean + SD values.
One-way analysis of variance (ANOVA) was used for
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Fig 1. Effects of camel milk on serum ALT(A) and AST(B) activities. All data are expressed as mean + SEM. **
p <0.01 versus PF group, ## p < 0.01 versus ET group. PF= Pair-fed control group, ET= Ethanol group,
CM-= Camel milk treated group, NM=Cow milk treated group.
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Fig 2. Effects of camel milk on TG level in liver tissue. All
data are expressed as mean + SEM. **p < 0. 01 versus PF
group, # p <0.05, ##p < 0. 01 versus ET group. PF= Pair-
fed control group, ET= Ethanol group, CM= Camel milk
treated group, NM= Cow milk treated group.

the comparison of more than 2 mean values. Results
were considered to be statistically significant when p
<0.05 and p < 0.01.

Results and Discussion

The body weight of the mice from ET group
did not change in comparison with PF group but
in CM group it showed a decreasing trend (p>0.05)
(Table 1).

Organ index of the liver was evaluated in mice.
Liver index was increased in mice from ET group
compared with the PF group. While the liver index
from CM group had the decreasing trend (p>0.05)
(Table 1).

The above results showed that consumption
of the ethanol diet had a significant effect on mice
weights, resulting in decreased body weight compared
with PF group. There are no significant changes in
final body weight, liver weight, or liver weight as a
percentage of body weight of mice in CM group.

Journal of Camel Practice and Research

Table 1. Effects of camel milk on body weight and organ index

in mice.
Group ‘}Vntitial Final Liver In(ilez(l
s (g) Wis (g) (<100, mg-g™1)
PF 23.03£1.53 34.79+4.85 4.33+0.81
ET 24.91+0.63 29.7842.33 4.16%0.23
CM 24.1241.02 29.1842.40 4.09+0.23
NM 22.742.04 26.3243.11 4.49+0.50

All data are expressed as mean + SEM. * p < 0.05 PF group, #
p < 0.05 ET group. PF= Pair-fed control group, ET= Ethanol
group, CM= Camel milk treated group, NM=Cow milk treated

group.

The increase of AST and ALT in the blood
indirectly reflects liver failure caused by ethanol
induced hepatotoxicity. The levels of ALT and AST
in serum were significantly elevated at 9 h following
gavages of alcohol to mice (p< 0.01) (Fig 1A). This
indicated liver cell damage in the mice and the
model of alcoholic liver injury had been established
successfully. The levels of ALT and AST were
significantly decreased in the CM group and NM
group of mice compared to the ET group (p< 0.01)
(Fig 1B), indicating that the gavage of camel milk
and cow milk can protect the liver of mice from the
damage to ethanol and reduced the content of ALT
and AST in serum.

Camel milk is widely used in various
populations for the treatment and prevention of
diseases (Dubey et al, 2016). Consumption of camel
milk is known to have beneficial antioxidative
properties in the treatment of many diseases and
also that it inhibits lipid peroxidation (MDA) in
mice (Lbrahim et al, 2017). Our results revealed that
compared with the PF group, SOD and GSH levels in
the liver of the ET group of mice showed a downward
trend and the MDA level significantly increased
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Fig 4. Effects of camel milk on Caspase-3 levels in liver tissue.
All data are expressed as mean + SEM. **p < 0.01 versus
PF group. PF= Pair-fed control group, ET= Ethanol group,
CM= Camel milk treated group, NM= Cow milk treated
group.

(p<0.05) (Table 2). The results of this experiment
indicated that a more severe lipid peroxidation
occurred in the mice of the ET group. Compared with
the ET group, the levels of SOD and GSH in the liver
of the CM and NM groups of mice showed an upward
trend. There was no difference in MDA levels in liver
of NM group mice, while MDA levels in liver of CM
group decreased significantly (p<0.05). We found
that our results are consistent with previous studies
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(Mihic et al, 2016). Camel milk could protect the liver
by decreasing the levels of MDA and increasing the
activities of SOD and GSH in mice. An increase in
the level of MDA in the liver enhances peroxidation
and can lead to tissue damage and failure of the
antioxidant defense mechanisms.

Chronic exposure to ethanol induces
glutathione depletion, which makes hepatocytes
more sensitive to oxidative stress (Wheeler et al,
2001) as reducing (not oxidised) glutathione protects
cells against ROS (Louvet and Mathurin, 2015).
Furthermore, SOD can also reduce oxidative stress
and is an effective defense enzyme that converts the
dismutation of superoxide anions into hydrogen
peroxide (Li ef al, 2012). Several studies have found
that antioxidant enzymes such as SOD and GSH
protect against oxidative tissue-damage (Diaz Castro
et al, 2013) and suggest that these two enzymes
contribute to the hepatoprotective effects of the mice
CM group.

When alcohol is ingested excessively,
fat metabolism in the body is impaired. The
decomposition of fatty acids was inhibited and
synthesis was strengthened (Ni et al, 2013), which
would lead to fat accumulation in liver cells and
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clinically manifested as liver triglyceride, high
cholesterol levels (Wang et al, 2016). The level of TG
was significantly increased in the liver of the mice
from ET group compared with the PF group (p<0.01)
(Fig 2). The level of TG was significantly decreased
in the livers of the mice from CM group (p<0.05) and
NM group (p<0.01) compared with the ET group.
The above results effectively illustrated the inhibitory
effect of camel milk and cow milk on liver lipid
accumulation caused by alcohol.

Table 2. Effects of camel milk on MDA, SOD and GSH levels
in mice liver.

Group MDA SOD GSH
(nmol/mg prot) | (U/mg prot) (pmol/g prot)
PF 1.47+0.22 1137.61+74.43 14.1616.35
ET 2.10+0.44* 981.82+143.65 9.69+2.23
CM 1.560.20# 1018.62+44.87 |  27.30+3.67#4#
NM 1.63+0.27 956.33+49.19 21.23+6.86##

All data are expressed as mean + SEM. * p < 0.05 versus PF
group, # p < 0.05, ## p < 0.01 versus ET group. PF= Pair-fed
control group, ET= Ethanol group, CM= Camel milk treated
group, NM= Cow milk treated group.

Increased serum level of LPS was commonly
found in patients with ALD. Alcohol consumption
not only caused enteric dysbiosis and bacterial
overgrowth, but also increased gut permeability
and the translocation of bacteria-derived LPS
from the gut to the liver (Yan et al, 2011). LPS can
stimulate Kupffer cells to produce reactive oxygen
species and cytokines (including TNF-a) that causes
hepatocellular damage and activate TLR4 signaling
in liver sinusoidal endothelial cells, resulting in the
regulation of angiogenesis and subsequent promotion
of fibrogenesis (Tamai et al, 2002).

Collectively, the role of bacterial translocation in
the pathogenesis of ALD had been clearly established
(Crabb, 1999). Chronic alcohol models increased
circulating concentrations of lipopolysaccharide
(LPS) compared with the PF group and the severity
of hepatic injury was correlated to serum level of LPS
(p>0.05) (Fig 3A). The level of LPS was significantly
decreased from the CM group of mice compared with
the ET group (p<0.05). The above results indicated
that gavage of camel milk can protect the liver of mice
from the damage to ethanol and reduced the content
of LPS in serum.

The production of TNF-a is one of the earliest
events in many types of liver injury, triggering the
production of hepatocyte, other inflammation and
apoptosis (Takahashi et al, 2012; Marks et al, 1990).
Chronic alcohol models increased liver tissue TNF-a

Journal of Camel Practice and Research

(Fig 3B) and several TNF-a inducible cytokines
(Parkin et al, 2019), such as interleukin-1p (Fig 3C) and
interleukin-6 (Fig 3D) are also increased compared
with the PF group (p<0.01). Compared with the ET
group, we found that IL-6 in the liver of CM group
mice showed a downward trend, while TNF-o and
IL-1p levels were significantly decreased (p<0.01).
In the NM group, liver TNF-a level was significantly
decreased (p<0.05) and IL-6 and IL-1p levels were
not significantly different. Through the above results,
camel milk by inhibiting the formation of TNF-a to
reduce the effect of inflammatory response is more
obvious than cow milk.

Hepatocyte apoptosis is an important
pathologic feature of human ALD. Apoptosis results
from multiple mechanisms, including ethanol
mediated hepatotoxicity, induction of oxidative stress,
inhibition of survival genes (c-Met) and induction
of proapoptotic signaling molecules (TNF-a and Fas
ligand) (Takahashi et al, 2012). It could be postulated
that the inflammation of liver cells, produced upon
ethanol intoxication, might lead to apoptosis of
hepatocytes via caspase-3 activation. Osawa et al
(2001) had demonstrated the involvement of caspase
cascade activation in TNF-o induced hepatocytes
apoptosis (Osawa et al, 2001). The activity of
Caspase-3 was significantly increased to the livers
of the mice from ET group compared with the PF
group (p<0.01) (Fig 4) and the level of Caspase-3 was
decreased to the livers of the mice from CM group
compared with the ET group (p>0.05) (Fig 4). We
found that our results were consistent with previous
studies. Gavage of camel milk can protect the liver
of mice from the damage to ethanol, again explains
hepatoprotective action of camel milk.

These results revealed that chronic ethanol
feeding plus a single binge (the NIAAA model) can
cause chronic liver damage (Stice et al, 2015), which
was manifested by significantly increased serum
ALT, AST and LPS levels in mice (Bertola et al,
2013). Camel milk treatment could protect the liver
by decreasing the levels of ALT, AST, LPS, MDA
and TG, increasing SOD and GSH activity as well
as decrease levels of TNF-a, IL-1p and IL-6 content
and Caspase-3 activity. Thus, regular consumption of
camel milk could increase the antioxidant capacity of
the liver and regulate inflammation and apoptosis, in
this way camel milk can prevent the liver from being
damaged. Camel milk is a potential liver-protective
food without any side effects.

This study indicated the protective effect
of camel milk in mice. It could be postulated that
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camel milk exerted its effect of ethanol-induced
hepatotoxicity via modulating the extent of lipid
peroxidation, augmenting the antioxidant defense
system decrease LPS. Inhibition of ROS and LPS
generation might account for the observed decrease
in TNF-a, IL-1p and IL-6 levels and caspase-3
activity following camel milk treat. Thus, it is likely
that oxidative stress and LPS are a common signal
transducer for a diverse cell death-inducing stimulate.
Camel milk through enhancing the antioxidant ability
and decreasing the LPS level of decreased various
toxic substance-induced oxidative stresses in the
liver. The protective effect of cow milk on mice liver is
much worse than camel milk. Therefore, it is of great
research value to further study the individual active
compounds present in camel milk. This will enable us
to understand the exact mechanisms responsible for
liver protection.
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SYNTHASE IN CAMELS AND Trypanosoma evansi

Mahmoud Kandeel?>" and Abdulla Al-Taher!

1Departrnent of Biomedical Sciences, College of Veterinary Medicine, King Faisal University, Alahsa, 31982, Saudi Arabia
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ABSTRACT

Bifunctional protein can be used as a drug target as it proves a classical difference between the host and parasite
structures that can be used as a drug target. In this study, the metabolic pathways of deoxyuridine 5-monophosphate
(dUMP) were compared in camel and the blood parasite Trypanosoma evansi. T. evansi shares similar profile with
camel pathways but with predicted inability to degrade dUMP to uridine and devoid of dCTP deamination to yield
dUMP. In the enzyme set of dUMP metabolism, thymidylate synthase was raised as a bifunctional enzyme in T. evansi
with dihydrofolate reductase-thymidylate synthase (DHFR-TS) domains content, compared to a single TS domain
in camels enzyme. Specific targeting of DHFR-TS in T. evansi is expected to yield specific anti-trypanosomal drugs.

Key words: Camel, DHFR-TS, dUTP, thymidylate synthase, Trypanosoma evansi

Computational techniques have largely
enhanced drug discovery process by target
identification and validation. It had been used
to provide valuable knowledge about molecular
targets in pathogens (Alnazawi et al, 2017; Kandeel
et al, 2019a; Kandeel et al, 2019 in press; Kandeel et al,
2019b; Mahmoud et al, 2019). This process depends
on comparison of genome sequences of the host and
its pathogens. The sequence of camel genome was
recently published (Jirimutu et al, 2012). This will
give a new era in camel related research by defining
the host spots in genome and proteome of camel and
its pathogens against which drugs can be designed.
Recently, we provided some interesting differences in
the metabolic pathways of pyrimidines in camel and
T. evansi (Kandeel and Al-Taher, 2020a; Kandeel and
Al-Taher, 2020b; Kandeel et al, 2020).

In this study, enzymes of dUMP metabolism
were compared in camels and the blood protozoan, T.
evansi. In this respect, the KEGG maps were used to
set up the enzymes set (Kanehisa et al, 2007; Kanehisa
et al, 2016; Ogata et al, 1998). The bioinformatics
tools were used to assess the standard enzymes in
camel and T. evansi. Finally, differences in metabolic
enzymes were highlighted and evaluated for
vulnerability to be a drug target.

Materials and Methods

Retrieval of genomic data

Collection of genomic data was carried out by
extracting the information from the gene database
(http:/ /www.genedb.org) (Hertz-Fowler et al, 2004),
Kinetoplastom genome resources (http:/ /tritrypdb.
org/tritrypdb/), protein and genome databases at
(http:/ /www.ncbinlm.nih.gov) and the Arabian camel
genome project (http:/ /www.camel kacst.edu.sa).

Searching homologues Protein sequence
homologues were searched using the NCBI BLAST
(Basic Local Alignment Search Tool) (Madden, 2013)
or PSI-BLAST (Position- Specific Iterated-BLAST)
servers (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
searching against the non redundant (nr) database,
with filtering of low complexity regions.

Multiple sequence alignment programme for
proteins and construction of phylogenetic tree was
carried out using the tools available at (https://
www.ebi.ac.uk/Tools/msa/clustalo/) (Sievers and
Higgins, 2014). Multiple sequence alignment program
(ClustalW2) was used to calculate the best match of
the selected sequences. The resultant alignment was
used to generate a phylogenic tree, which is visualised
by Dendroscope phylogenic tree viewer (Huson et al,
2007) or CLC genomics workbench (Sequencing, 2011).
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Putative domains were searched by the domain
prediction programme available at (http://www.ncbi.
nlm.nih.gov/Structure/cdd/cdd.shtml) (Marchler-
Bauer et al, 2005). The genomic and molecular
information was obtained from Kyoto Encyclopedia of
Genes and Genomes (http:/ /www.genome.jp/kegg/).

Proteomic and genomic tools ExPASy
Proteomics tools (http://us.expasy.org/tools/)
(Gasteiger et al, 2003) and tools available at the website
of the European Bioinformatics Institute (http://
www.ebi.ac.uk/Tools/) (Labarga et al, 2007) was also
used for analysis of nucleotide and gene sequences.
The protein parameters including the molecular
weight, theoretical pl, amino acid composition, atomic
composition, extinction coefficient, estimated half-life,
instability index, aliphatic index and grand average of
hydropathicity was searched at (http:/ / us.expasy.org/
tools/protparam.html). Protein sequences of target
genes was analysed for data such as pl, extinction
coefficient and MW for the tagged protein sequence
by PROTParam. PROSITE (http:/ /www.expasy.org/
proteomics/families__patterns_and_profiles) was
used to search for patterns and profiles in the protein
sequences of the target genes. The protein domains,
families and functional sites was searched at (http://
prosite.expasy.org/).

Results and Discussion

Deoxyuridine-5-monophosphate (dUMP)
production process was proposed by 4 routes 1)
dephosphorylation of deoxyuridine 5'-triphosphate by
dUTP pyrophosphatase, 2) the dephosphorylation of
deoxyuridine-5'-diphosphate by the actions of dTMP
kinase 3) from deoxyuridine by the kinase activity of
thymidine kinase 4) from dCTP by dCTP deaminase as
shown in (Fig 1). In the catabolic direction, deoxyuridine
was produced from dUMP by 5-nucleotidase or
5-deoxynucleotidase (Fig 1). In camel, the previous
profile applied except for the absence of dCTP
deamination to yield dUMP (Fig 2). T. evansi was found
to be devoid of dCTP deamination and 5 -nucleotidase
(Fig 3). Thus, dUMP was not converted to deoxyuridine.
The summary of all enzymes in deoxyuridine pathways
and the predicted enzymes in camels and T. evansi are
provided in Tables 1-3.

Thymidylate synthase

Thymidylate synthase (EC 2.1.1.45; dTMP
synthase), is a methyltransferase enzyme also called
thymidylate synthetase; methylenetetrahydrofolate:
dUMP C-methyltransferase; TMP synthetase. It acts
on one-carbon moieties, as it catalyses methylation of
dUMP with 5, 10-methylenetetrahydrofolate (methy]l
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donor), creating dTMP and dihydrofolate (Slavik
and Slavikova, 1980). Parasites, Crithidia fasciculata,
Crithidia oncopelti, and a number of trypanosomatids
(Trypanosoma brucei, Trypanosoma congolense,
Trypanosoma lewisi and Trypanosoma cruzi) were able
to synthesise several thymidylate synthases (TS). The
trypanosotamid enzyme was inactivated by Mg?*, was
extensively more sensitive to mercaptoethanol, had
elevated noticeable Km values for substrate (d{UMP)
and cofactor (tetrahydrofolate), had a greater obvious
molecular weight and was significantly more sensitive
to inhibition by suramin. Therefore, it is a promising
target for chemotherapeutic agents, either on its own
or in combination with a dihydrofolate reductase
inhibitor (Chalabi and Gutteridge, 1977). Additionally,
potency of inhibitory effects of antifolate drugs on
targeted dual functionally dihydrofolate reductase-
thymidylate synthase (DHFR-TS) that isolated from
African trypanosomes, protozoan parasite causing
both sleeping sickness in humans and nagana in cattle
has been estimated. Thus, the most effective inhibitors
for DHFR were methotrexate and trimetrexate, and for

Table 1. Enzymes involved in metabolic pathways of dUMP.

ID (E.C. number) | Definition (Enzyme name)

27121 thymidine kinase

3.1.3.89 5’-deoxynucleotidase

3.1.35 5 -nucleotidase

3.5.4.30 dCTP deaminase (dUMP-forming)

3.6.1.23 dUTP diphosphatase; deoxyuridine-
triphosphatase

2749 dTMP kinase; thymidine
monophosphate kinase

2.1.1.45 thymidylate synthase; dTMP synthase

Table 2. The expected enzymes involved in metabolic pathways
of dUMP in camels.

ID (E.C. number) | Definition (Enzyme name)
27121

thymidine kinase

3.1.3.5 5 -nucleotidase

3.6.1.23 dUTP diphosphatase; deoxyuridine-
triphosphatase

2.1.1.45 thymidylate synthase; dTMP synthase

Table 3. The expected enzymes involved in metabolic pathways
of dUMP in Trypanosoma brucei.

ID (E.C. number) | Definition (Enzyme name)
2.71.21

thymidine kinase

3.6.1.23 dUTP diphosphatase; deoxyuridine-
triphosphatase

2.1.1.45 thymidylate synthase; dTMP synthase

2749 dTMP kinase; thymidine monophosphate

kinase
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thymidylate synthase were FdAUMP
and nolatrexed (Gibson et al, 2016).

Human and camel TS showed
77% similarity and 72 differences
(Fig 4). This difference was attributed
to the lack of 60 amino acids at the
N-terminal of camel TS. In comparing
the camel species, the dromedary and
bactrian camels were 99.21% similar,
while the similarity rate drops to 74.05
and 73.42% in comparing dromedary
and bactrian camel with the feral
camel. This was due to the lack of
58 amino acids at the N-terminal of
dromedary and bactrian camels (Fig
5). Comparison of camel and T. evansi
TS is provided in Fig 6. The camel
protein was 253 amino acids, while
the T. evansi TS is 527 amino acids in
length forming 29.98% similarity and
369 differences. Motif and domain
search using MotifFinder revealed the
bifunctional dihydrofolate reductase-
thymidylate synthase (DHFR-TS)
was encoded by the T. evansi protein,
while the camel enzyme encodes one
thymidylate kinase domain (Fig 7).

The heat map of multiple
comparison of TS sequences in
several species showed 68.9-94.27%
similarities among the selected
vertebrates TS. Comparisons with
protozoal and prokaryotes TS revealed
low similarity rate in the range of 12-
33.69% (Fig 8). The phylogenetics of
camel and T. evansi TS is shown in (Fig
9). The T. evansi TS was related to the
protozoal enzyme and highly related
to the prokaryotic TS. The camel TS
was related to the monofunctional
eukaryotic thymidylate synthases.

The bifunctional DHFR-TS
had been regarded as a promising
antiprotozoal and anti-trypanosomal
target (Gibson et al, 2016; Panecka-
Hofman et al, 2017; Schormann et al,
2010; Senkovich et al, 2009; Valente et
al, 2019). The present finding which
highlights the differences between
camel and T. evansi TS suggests using
it as a drug target.

Molecular models of camel
and human TS were requested from
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Fig 4. Multiple sequence alignment of dromedary camel and human thymidylate synthase. The upper panel
represents sequence comparison statistics. The upper right diagonal region is explains the number of
differences between two sequences, while the lower left diagonal region explains the per cent of identity
between two sequences.

188 / August 2020

Journal of Camel Practice and Research



Camelus bactrianus thymidylate synthase (XP_010956369)
C: C lus d d thymidylate synthase (XP_010974955)
Camelus ferus thymidylate synthase (EPY81457)

Camelus bactrianus thymidylate synthase (XP_010856368) M
Camelus dromedarius thymidylate synthase (¥P_010974955) M
Camelus ferus thymidylate synthase (EPYE1457) MBATGE|

Consensus M

Camelus bactrianus thymidylate synthase (¥P_010856368) - - - - - REERFEET TRRUBARCUD IG B%NAIIII SRCURNNEANGER 55
Camelus dromedarius thymidylate synthase (P_010974955) - - - - - EIIPE!‘II H _____ G##NA Eé GANGE 55
Camelus ferus thymidylate synthase (EPYB1457) sllﬁma i ﬁjNA G| | ANGER 118
Consensus = = = = = QARYSLRDEFPLLT TKRV FWKGVLEEL LWF 1 KGS TNAKE L SS KGVK IWDANGSR

Camelus dromedarius thymidylate synthase (XP_010974955) l sl MHS HETHERTNENE 114
Camelus ferus thymidylate synthase (EPYB1457) Elc {ﬂla ScRcEBCECENTRTEETNENE 176
Consensus DFLDSLGFSTREEGDLGPVYGFQWRHFGAEYKDMHSDYSGEGVDQLQKVIDTIKTNF'ND

Camelus bactrianus thymidylate synthase (XP_010956369) l |§lci iﬁcnciiiﬂl:ieammﬁﬁ isﬂnluﬂl’i“hiu 114
ST

Camelus bactianus thymidylate synthase (X°_010956369) IIIIMCA.NﬂI Imnlﬁﬁclalca |ns ELl] alse McEGHERNNASHSER 173
Camelus dromedarius thymidylate synthase (XP_010974955) I MCANNE Elm PRcHalcql scalllcRscBmc) Gl! Nla;l&“ 173
Camelus ferus thymidylate synthase (EPYB1457) I McAlNERHE TalFPcHANCO] sca sclMG Gll NllAS

Consensus RR | IMCA\NNPKDLPLMALPF'CHALCCIFYVVNGELSCQLYQRSGDMGLGVPFNIASYSLL
Camelus bactrianus lhjrnld)luw synthase (XP_010856369)

ToENEoBRNHTHC 'II"‘“'II”"I“E"' 'Iﬂﬂlﬂ
Camelus dromedari thase (¥F_010874955) N
Camelus forus mmvdytan synthase (EPYB1457) I'AIAIIT nﬁGI“l'ﬂIG AHNNENHTEFERvCEFREFRPEFRERVEREUER TH
Consensus TYM|AH | TGLKPGDFVHTLGDAHIYLNHIEPLKMQLQREPRPFPKLK | LRKVEKI DDFK

300
Camelus bacirianus thymidylate synthase (¥P_010856368) a\mﬂllﬁlﬂﬁl!!nulmal 253
Camaelus dromedarius thymidylate synthase uep_mogmss} oNECENPHE 253
Camelus ferus thymidyiate synthase (EPYB1457) o] | -Ie] NE.H*"M MAN 315

Consensus AED FQVEGYNPHPT | KMEMAY
Fig 5. Multiple sequence alignment of dromedary, bactrian and feral camels thymidylate synthase. The
upper panel represents sequence comparison statistics. The upper right diagonal region is explains
the number of differences between two sequences, while the lower left diagonal region explains
the per cent of identity between two sequences.

Trypanosoma evansi

Camelus dromedarius thymidylate synthase (XP_010974955) 2

Trypancsoma evansi MIGI'EIIIIIII!II-AGI SIBSIIEIEIIIAEmGGIGlGGmIEHIHIIMom 59

Camelus d daril yrthase (XP_O10874955) M- - - ---===---sssessmmemememnsnsssnsenmssssssssnmmnenenmmmmnn
Consensus MLSLTRILRKKI PVHELAGK | SRPPLRPFSVVVASDEKGG I GDGGT | PWE | PEDMQYFR
SO |W
Trypanasoma evansi ﬂﬂNllGlNll!H!HIINAIIMGII‘I‘-SIHEIIIGII!NIINIIIBIQA:I?IIGII#GI ‘18
Camelus d daril (XP_010974955)
Consensus RVTTNLRGKNVKPSPSKRNAVVMGRKTWDSLPPKFRPLSNRLNVVLSRSATKEQLLAGI
120 tlD 160
Trypanosoma evansi mA.AANl“AlNGG.I'I.ml Iu.’iﬁ!llﬂ!llc'sesﬂilllﬂnlca!c'nl F?T
Camelus (XP_010974955)
Consensus PDP | KRAEAANDVVAVNGGL EDALRMLVSKEHTSS IETVFC IGGGT | YKQALCAPCVNY
IHD
Trypanosoma evansi lOA“lTﬂlllEAENBC!l- IEAAGMI llllllsl'l!llllﬂcncsl-nllll zas
Camelus d d. thase (XP_010974955)
Consensus
Trypanosoma evans|
Camelus d darius thym idy h (XP_010974955)
Consensus VPI!NSEEEQYLNLVGRI | DEGCTK!:DRTGVGTRSL FGAQXRXSLRKKRXPLLTTKRVFW
340
|
Trypanosoma evansi HGH llﬂl-lGlTNAlﬂ#ﬂGlllﬂGNGBl Ql@l BMIIG§=GIOII 354,
Camelus dromedari i hase (XP_010974955) EEWEEEGSTNAREES SECHRINEANGS| sHcESTREECHE Hol® so

Consensus xsvxsELLWFxxexmAK)(Lsxxsxx1wnmssaxFLszaxxxxxsansPWGFm\m
400
I
Trypanosoma evansi HlGA 8c SEcHcEEclANINESENENP £A|N!AA PRAMABPPCHMMA 413
Camelus dromedari (xP_010974955) HEGA HsBEscEcHBCECENABTHERTNEN cAENEE ilMAlI'ClAIG 139

Consensus HF GAXY XXXXXDXXGXGVDOXXXX XKXXXJ(NPXDRRX 1 XXAWNP XXLF‘XMALPF‘CHX XX

Trypancsoma evansi QHL IIECMHQI I’J I!IN.AS'AIH I II
Camelus dromedarius thymidylate synthase (XP_010974955) scallia mclic! NEASHSEETCVMEAHNTG

Consensus QF YVXNGELSCXLYQRSXDMGLGVPFNIASYXLLTXXXAXXXGLXPGXXVHTLGDAHXY
460 500 520

1
Trypanosoma evansi SNENEPCEECEREEPE HHIIHI EENEEDECESANENNDNSPHPEESVEMAN 527
Camelus dromedarius thymidylate synthase (xP_010874855) ENANEPEEMoECHEFPRFEFRERNERENERNOONRAEONCHECHNRHE THRME AN 253
Consensus XNHXEPXXXOQLXRXPRPFPXXAXXXXXKXEXXXDFXXXDXXVAXYXPXPX | XMEMAY
Fig 6. Multiple sequence alignment of dromedary camel and Trypanosoma evansi thymidylate synthase.
The upper panel represents sequence comparison statistics. The upper right diagonal region is
explains the number of differences between two sequences, while the lower left diagonal region

explains the per cent of identity between two sequences.

Journal of Camel Practice and Research August 2020 /189



Fig 7. Motif and domain content of dromedary camel and Trypanosoma evansi thymidylate synthase.
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the Swiss-Model website (Waterhouse et al, 2018).
The camel TS sequence was submitted to Swiss
Model to predict its structure by automated model
building tool. The website predicted the 3D camel
structure based on the 3h9%k pdf file which contains a
homodimer of human TS. The best model was based
on human TS with 100% sequence coverage and 61 %
similarity (Fig 10). The model of T. evansi TS showed
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the highest similarity with the bifunctional DHFR-TS.
The highest similarity was with the structure of T.
cruzei DHFR-TS (PDB ID 3irm) with coverage of 98%
and similarity rate 0.52.

The bifunctional DHFR-TS in T. evansi is distinct
from the camel enzyme. The structure and functional
differences could put the enzyme as a hopeful target
to develop specific drugs.

Journal of Camel Practice and Research



{ Capra hircus thymidylate synthase (XP_005697121)
Bos taurus thymidylate synthase (NP_001032905)

[® Sus scrofa thymidylate synthase (NP_001230508)
—® Homo sapiens thymidylate synthase (P04818)
Mus musculus thymidylate synthase (NP_067263)

[® Felis catus thymidylate synthase (XP_003995103)

—® Camelus ferus thymidylate synthase (EPY81457)

Trypanosoma evansi

I 0.300 ]

® LEquus caballus thymidylate synthase (XP_001492275)

Rattus norvegicus thymidylate synthase ( NP_062052)
Rattus norvegicus thymidylate synthase (NP_062052)

e Oryctolagus cuniculus thymidylate synthase (XP_002713484)

P Camelus bactrianus thymidylate synthase (XP_010956369)

b Camelus dromedarius thymidylate synthase (XP_010974955)
—® Gallus gallus thymidylate synthase (XP_015133440)
—® Ascaris suum thymidylate synthase (096650)
I Trypanosoma brucei brucei TREU927 dihydrofolate reductase-thymidylate synthase (XP_8461710

Babesia bovis T2Bo dihydrofolate reductase_thymidilate synthase (XP_001609606)
Plasmodium falciparum Bifunctional dihydrofolate reductase-thymidylate (P13922)

Salmonella enterica thymidylate synthase (ASE75162)
Corynebacterium pseudotuberculosis thymidylate synthase (ATQ64965)
Staphylococcus aureus thymidylate synthase (RYC35504)

L ® Pasteurella multocida thymidylate synthase (ATN16863)

® Streptococcus pyogenes thymidylate synthase (QAZ36778)

® Escherichia coli thymidylate synthase (RXP45233)

Fig 9. Phylogram of camel and Trypanosoma evansi bifunctional thymidylate synthase in relation to a set of

prokaryotic and eukaryotic organisms.
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Fig 10. Molecular models of camel and T. evansi TS. The models were built by Swiss-Model server.
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ENZYMATIC AND ANTIOXIDANT ACTIVITY OF
CAMEL MILK FERMENTED WITH DIFFERENT
STRAINS OF LACTIC ACID BACTERIA
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ABSTRACT

The aim of the present study was to compare antioxidant activity of different LAB viz Lactobacillus delbrueckii
sub sp. Bulgaricus, Lactobacillus casei, Lactobacillus plantarum and Streptococcus thermophilus. The camel milk was
fermented with Lactobacillus delbrueckii sub sp. Bulgaricus, Lactobacillus casei, Lactobacillus plantarum and Streptococcus
thermophilus at 37°C upto 12 hr. The resulting fermented camel milk was evaluated with respect to the changes of
pH, acidification) and antioxidant activity using 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 2,2"-azino-di-(3-
ethylbenzthiazoline sulfonic acid (ABTS) inhibition assay and enzymatic assay including Catalase, Sod and GST
during 0 h to 12 hr fermentation time at 37°C. L. plantarum and S. thermophilus increases the acidityof fermented milk
more rapidly (p < 0.05). The Lactobacillus delbrueckii showed highest ABTS activity (61.84 + 0.34) and S. thermophilus
showed lowest ABTs activity (43.60 + 0.40), while Lactobacillus casei fermented milk had highest DPPH activity (7.52
+0.13) at different fermentation time. The Lactobacillus plantarum showed highest value of SOD (4.54 + 0.013), catalase
(200.17 £ 0.95) and GST activity (9.13 + 0.155) at different fermentation time. In conclusion, compared to Lactobacillus
delbrueckii sub sp. Bulgaricus, Lactobacillus casei and Streptococcus thermophilus, Lactobacillus plantarum showed higher
antioxidant activity and can be used as a potential probiotics. It also found that the variation in antioxidant activity
of fermented camel milk with 4 different LAB could be due to the change in pH, change in fermentation time or
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formation and breakdown of bio-active peptides during fermentation process.

Key words: Antioxidant activity, camel milk, catalase, fermentation, Lactobacillus, lactic acid bacteria, SOD

Lactic acid bacteria (LAB) have long been
ingested by people in lot of fermented foods
such as dairy products because of their pro-biotic
properties which have the ability to produce various
antimicrobial compounds and also show anti-
tumour activity, alleviation of lactose intolerance
stabilisation of gut microflora (Khedid et al, 2009).
Several studies have been reported that reactive
oxygen species (ROS) and free radicals play a crucial
role in many diseases like cancer, atherosclerosis
and diabetes (Beckman and Ames, 1998). The body
has enzymatic antioxidants such as catalase, super
oxide dismutase, glutathione S transferase and non-
enzymatic antioxidant compounds which defend
against ROS but these defense systems are not so
efficient to entirely prevent the damage, so therefore,
food supplements having antioxidant properties may
be used to reduce oxidative damage (Zommara et al,
1996; Oxman et al, 2000; Terahara et al, 2001; Kullisaar
et al, 2003).

In milk various bioactive peptides are present
and the activity of these bio-peptides are further

enhanced by fermentation of milk by LAB (Korhonen
and Pihlanto, 2006). Fermented camel milk possess
antioxidant properties, thus making it a potential
candidate for functional and novel foods to improve
health through nutrition (Korhonen, 2009). These
peptides have various health beneficial effects such
as immunomodulatory activities, antioxidative
activities, antimicrobial and ACE inhibitory activities
(Soleymanzadeh Nazila et al, 2016). Therefore, the
aim of this study was to use of different strains of
LAB for the fermentation of camel milk and to assess
their enzymatic and antioxidant activities during the
fermentation of the milk at different time intervals.

Materials and Methods

The milk samples collected from National
Research Centre on Camel were pooled together and
placed into a sterile container.

Sources of cultures

Lyophilised pure culture strains of Lactobacillus
delbrueckii sub sp. Bulgaricus (NCDC- 009),
Lactobacillus casei (NCDC- 017), Lactobacillus plantarum
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(NCDC- 020), Streptococcus thermophilus (NCDC- 074)
used in this study were obtained from National
Dairy Research Institute, Karnal, Haryana (India).
Each strain was first activated in sterilised skim
milk medium (12.5%), at 37°C for 24 h. These were
then cultured and maintain in sterilised litmus milk
medium. For fermentation, 1% skim milk culture was
used. Each strain was fermented in duplicate for 12 h
in skim camel milk and pH, TA, antioxidant (ABTS,
DPPH) and enzymatic activity (Catalase, SOD, GST)
was determined periodically at 2 h interval (i.e-0, 2,
4,6,8,10,12h) .

Measurement of pH and titratable acidity

The pH was determined by inserting a pH
electrode (HANNA) directly fermented camel
milk at every 2 h interval. The titratable acidity
was determined by titrating 10 ml of homogenised
fermented camel milk with 0.1 N NaOH to the
phenolphthalein end point at every 2 h interval.

Biochemical analysis

Measurement of ABTS (2,2'-azino-di-(3-
ethylbenzthiazoline sulfonic acid)) radical
scavenging activity

ABTS radical scavenging activity was assayed
spectrophotometricaly according to method described
by Salami et al (2009). This method is based on the
ability of antioxidant to blow out ABTS cation radicals
(ABTS"), a blue/ green chromophore with absorbance
at 734 nm, in comparison to standard antioxidants.
ABTS assay was carried out by oxidising 7 mM ABTS
solution in 2.45 mM potassium persulphate buffer
with equal volume (1 : 1) for 12-16 h in the dark to
provoke the formation of ABTS radical ( ABTSY).
Before use, ABTS+ stock solution was diluted with
distilled water to obtain absorbance 0.7 + 0.2 at
734 nm at ty (t = 0 min), then 3ml ABTS+ working
standard solution was mixed with 60 ul of sample
and absorbance was measured after 20 min (tyg) at
734 nm in UV spectrophotometer (Biorad Hercules,
California, United States).

Measurement of DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging activity

The measurement of the DPPH radical
scavenging activity was performed according to
methodology described by Brand-Williams et al
(1994) with slight modification. DPPH make stable
free radical in aqueous or ethanol solution. However,
fresh DPPH solution was prepared before every
measurement. Three ml DPPH reagent (100uM)
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was mixed with 0.75 ml of 0.1 M Tris-HCL ( pH-7.4)
and 75ml of hydrolysate sample in test tubes and
mixed well. The absorbency in time t = 0 min (to)
was measured using UV spectrophotometer (Biorad
Hercules, California, United States). The sample tubes
were also incubated at room temperature under dark
for measurement of absorbancy in time t = 20 min
(ta0). Ethanol was used as a blank. The free radical
scavenging activity was calculated as decrease in
absorbance.

Enzyme assay

Catalase activity

The catalase activity was performed according
to method described by Aebi (1984) and Cuellar-
Cruz et al (2009) with slight modification. In the
ultraviolet range, HyO, shows a continual increase
in absorption with decreasing wavelength. The
decomposition of H,O, can be followed directly by
the decrease in absorbance at 240 nm. The difference
in absorbance (AAj40) per unit time is a measure of
the catalase activity. The assay was conducted by
taking 1 ml Phosphate buffer 50 mM, pH 7.0 and 1 ml
hydrogen peroxide 30 mM and 1 ml diluted sample
in phosphate buffer (1:10) in quartz cuvette and
absorbance was measured at 240 nm at 60 sec interval
for 3 min using UV spectrophotometer (Biorad
Hercules, California, United States). Phosphate
buffer was used as a blank. The catalase activity was
calculated as decrease in absorbance.

SOD (Superoxide dismutase) activity

The SOD activity was performed according to
method described by Marklund and Marklund (1974)
with slight modification. In a spectrophotometric
cuvette, 2.7ml 50 mM Tris Cacodylate buffer (pH -
8.2) containing 1 mM EDTA was added to 300 pl of
pyrogallol solution and absorbance was measured
at 420 nm at 60 sec interval for 3 min using UV
spectrophotometer (Biorad Hercules, California,
United States). The resultant absorbance was
considered as the experiment pyrogallol blank.
The same procedure was carried out using of 100
ul sample (homogenate supernatant) and obtained
the AA420 nm/minute using the maximum linear
rate for both the test and experimental blank. Tris
Cacodylate buffer was used as a blank. The SOD
activity was calculated as increase in absorbance. The
enzyme activity was expressed in terms of units/ mg
protein in which one unit corresponds to the amount
of enzyme that inhibited the autoxidation reaction
by 50%.
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Table 1. pH of the camel mik milk samples fermented by L. delbrueckii sub sp. Bulgaricus, L. casei, L. plantarum, S. thermophilus.

S.No. | Strain 0 hr 2 hrs 4 hrs 6 hrs 8 hrs 10 hrs 12 hrs
1 Control 6.55 + 6.54+ 6.54 + 6.51 + 6.05 585+ 5.69+
0.002¢ 0.003P¢ 0.002P¢ 0.002%d 0.003¢¢ 0.003¢P 0.003%2

2 Lactobacillus delbrueckii sub sp. 6.53 £ 6.48 + 6.38 + 6.23 + 6.21 + 6.18 + 6.12
Bulgaricus NCDC- 009 0.0048 0.003¢f 0.002¢¢ 0.003P4 0.003P¢ 0.004Fb 0.0032

. . 6.53 £ 6.48 £ 6.39+ 6.22+ 6.21+ 6.09 £ 591 +

3 | Lactobacillus casei NCDC- 0171 g o048 | 0002 | 0.002% | 00034 | 00020 | 0.003% | 0.00302

4 Lactobacillus plantarum NCDC- 6.53 £ 6.28 + 587+ 536 £ 521+ 476 £ 458 +
020 0.0048 0.0025 0.0048¢ 0.004B4d 0.003B¢ 0.003B> 0.00482

5 Streptococcus thermophilus 6.53 + 6.23 + 571+ 502+ 4.67 £ 437 £ 428 £
NCDC-074 0.0048 0.003Af 0.003A¢ 0.0034d 0.0044¢ 0.0044b 0.003A2

Table 2. Titratable acidity of the camel milk samples fermented by L. delbrueckii sub sp. Bulgaricus, L. casei, L. plantarum, S. thermophilus.

S.No. | Strain 0 hr 2 hrs 4 hrs 6 hrs 8 hrs 10 hrs 12 hrs
1 Control 018 + 0.18 019+ 0.20 + 0.21+ 0.25+ 027 +
0.0032 $0.00242 | 0.002420 0.00240 0.0024¢ 0.0024d 0.0024¢

5 Lactobacillus delbrueckii sub sp. | 0.18 = 0.20 022+ 0.23 + 0.24 + 0.26 + 0.28 =
Bulgaricus NCDC- 009 0.0032 | +0.0028> | 00048 [ 00038 | 00028 [ 00038 | 0.003Af

. . 018 + 0.20 023 + 0.24 + 0.26 + 0.28 + 030+

3 | Lactobacillus casei NCDC- 01715 0032 | +0.002% | 0.003% | 0002°¢ | 0002 | 0003 | 0.0028

4 Lactobacillus plantarum NCDC- 0.18 + 0.23 + 0.34 + 045+ 0.50 = 0.57 = 0.64 =
020 0.003? 0.003> | 0.002Cc | 0.004°4 | 0.003P¢ 0.002°f [ 0.003%8

5 Streptococcus thermophilus 0.18 + 0.23 + 0.34 + 0.55 + 0.60 + 0.65 + 0.69 £
NCDC- 074 0.0032 0.003<P 0.002¢¢ 0.003Ed 0.003Fe 0.003Ef 0.003Ps

GST (Glutathione-S-Transferase) activity

The GST activity was performed according to
the method described by Habig et al (1974), Simons
and Vander Jagt (1977) with slight modification.
The reaction was measured by observing the
conjugation of 1-chloro, 2, 4-dinitrobenzene (CDNB)
with reduced glutathione (GSH). This was done by
watching an increase in absorbance at 340 nm. One
unit of enzyme will conjugate 10.0 nmol of CDNB
with reduced glutathione per minute at 25°C. In
a spectrophotometric cuvette, 100 mM potassium
phosphate buffer containing 1 mM EDTA and 75 mM
glutathione, reduced solution (G-SH) and 30 mM
1-chloro-2,4-dinitrobenzene solution (CDNB) were
added and absorbance was measured at 340 nm at 60
sec interval for 5 min using UV spectrophotometer
(Biorad Hercules, California, United States).
The resultant absorbance was considered as
the experiment blank. The same procedure was
carried out using of 100 pl sample (homogenate
supernatant) and obtained the AA340nm/minute
using the maximum linear rate for both the test and
experimental blank. Potassium phosphate buffer was
used as a blank. The GST activity was calculated as
increase in absorbance. The values were expressed as
units/ mg protein.

Journal of Camel Practice and Research

Statistical analysis

The experiments were carried out in 3 times and
repeated in duplicate (n = 6). Data were expressed
as mean + S.E.M (standard error). All data were
subjected to two-way analysis of variance (ANOVA)
using SPSS 20.0 software (SPSS INC., Chicago,
IL, USA, 2002) and the individual samples were
compared by using Duncan’s multiple range test
(DMRT), at 95 % confidence level.

Results and Discussion

pH and titratable acidity of camel milk fermented
with different cultures

pH and titratable acidity play an important
role to determine the quality of fermented milk
product. In the present study, the pH of all treatments
and control was decreased significantly during the
fermentation time i.e 0 to 12 h at 37°C (Table 1).
Among all 4 type of bacterial culture Lactobacillus
plantarum and Streptococcus thermophilus reduced the
pH of milk more rapidly compared to Lactobacillus
delbrueckii and Lactobacillus casei as shown in Fig 1.
Similarly the titratable acidity of fermented camel
milk was significantly increased (P<0.05) in all the
strains during fermentation time (0 h to 12 h) (Table
2). It was found that L. plantarum and S. thermophilus
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increases the acidity more rapidly as compared to L.
delbrueckii and L. casei (Fig 2). It was reported that L.
plantarum grow better between pH 3 and 4 and more
metabolically active and produced different bioactive
peptides which may affect the antioxidant property of
the fermented product (Abubakr ef al, 2013). Similarly,
decreasing the pH and increasing the titratable acidity
more rapidly by S. thermophilus suggested that it also
produces bioactive peptides during fermentation,
which may enhance the antioxidant property of the
fermented milk (Julijana et al, 2016).

Determination of antioxidant activity:

The ABTS activity deepens on the presence of
different amino acids in protein especially Cys, Trp

and Met possess the highest antioxidant activity
compared to the other amino acids (Salami ef al, 2009),
so during fermentation process various bioactive
peptides are formed and degraded, which alter the
antioxidant property of the fermented product. The
antioxidant activity of camel milk fermented with
different bacterial strains was evaluated against 2
different ABTS and DPPH radicals. ABTS assays
indicated that the whey fraction fermented with
Streptococcus thermophilus showed higher antioxidant
activity (78.58 +0.43) at 2 h fermentation time but at
the end of the fermentation time (12h) Lactobacillus
delbrueckii showed highest antioxidant activity (61.84 +
0.34) and S. thermophilus showed lowest activity (43.60
+ 0.40) as shown in Fig 3.
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=== Streptococcus thermophilus

7
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5
4
Ph
2
1
0
Ohr 2hr 4hr 6hr 8hr 10hr 12hr
Fermentaion Time
=== Control === Lactobacillus delbrueckii sub sp. Bulgaricus

w=fe== Lactobacillus plantarum

Fig 1. Graphical representation of change in pH of the camel milk samples fermented by 4 different LAB.
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Fig 2. Graphical representation of change in titratable acidity of the camel milk samples fermented by 4

different LAB.
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The DPPH activity varies in all the strains
and result showed that all 4 strains fermented milk
fraction have higher antioxidant activity compared to
control at different fermentation time and Lactobacillus
casei had highest antioxidant activity (7.52 £ 0.13) at 6
h fermentation time compared to all others as shown
in Fig 4. The interaction of a potential antioxidant
with DPPH depends on its structural conformation.
Some compounds react very rapidly with the
DPPH and reducing a number of DPPH molecules
corresponding to the number of available hydroxyl
groups (Brand-Williams ef al, 1994). The variation in

the DPPH activity revealed that all 4 types of bacterial
strains produces different type of bioactive peptides
according to their metabolic activity during different
fermentation time, which may affect the antioxidant
activity.

Determination of Enzymatic Antioxidants:
Antioxidant activity of milk and fermented
products depends on many components such
as sulfur containing amino acids, phosphate,
vitamins A, E, carotenoids, zinc, selenium, enzyme
like superoxide dismutase, catalase, glutathione

90
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o O O O o O
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B Streptococcus thermophilus

Ohr 2hr 4hr 6hr 8hr 10hr

Fermentation Time

12hr

m Lactobacillus delbrueckii sub sp. Bulgaricus
B Lactobacillus plantarum

Fig 3. Changes in ABTS activity of fermented camel milk with four different LAB during 0 hr to 12 hr
(incubation at 37°C). Values are presented as mean + SEM (Error bars show standard error).
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Fig 4. Changes in DPPH activity of fermented camel milk with four different LAB during 0 hr to 12 hr
(incubation at 37°C). Values are presented as mean + SEM (Error bars show standard error).
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peroxidase and peptides which are produced during
fermentation (Khan et al, 2019). In present study,
it was found that the SOD activity in camel milk
fermented with the strains viz. L. delbrueckii sub
sp. Bulgaricus, L. casei, L. plantarum, S. thermophilus
was increased significantly as compared to control
during 0 h to 12 h fermentation time and Lactobacillus

plantarum showed highest SOD activity (4.54 + 0.013)
at 12 h fermentation time (Fig 5).

Similarly, the Catalase and GST activity in all
the strains were significantly increased as compared
to control (Fig 6 and 7). The results showed that
Lactobacillus plantarum had highest catalase (200.17 £
0.95) and GST activity (9.13 £0.155) at 10 hand 12 h

225
200
175
150
125
100

75

50

Catalase activity (U/mg protein)

./(-\K

—

25 ! -l

0
Ohr 2hr 4hr

=== Control
== Lactobacillus casei
=== Streptococcus thermophilus

Fermentation Time

N

6hr 8hr 10hr 12hr

«== Lactobacillus delbrueckii sub sp. Bulgaricus
«=te= Lactobacillus plantarum

Fig 5. Catalase activity of the camel milk fermented by L. delbrueckii sub sp. Bulgaricus, L. casei, L. plantarum,
S. thermophilus at different fermentation time (incubated at 37°C).
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Fig 6. SOD activity of the camel milk fermented by L. delbrueckii sub sp. Bulgaricus, L. casei, L. plantarum, S.
thermophilus at different fermentation time (incubated at 37°C).
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fermentation time, respectively. Tomusiak-Plebanek
et al (2018) reported that L. plantarum showed highest
catalase activity as compared to other Lactobacillus
spp. These results revealed that the variation in
enzymatic antioxidants activity may be due to the
change in pH or formation of different bio-peptides
or duration of fermentation time. Kleniewska et al
(2016) noted that exopolysaccharides secreted by
probiotic bacteria may play an important role in
reducing the oxidative stress. These polysaccharides
protect probiotics under starvation conditions or
extreme temperature and pH.

Several reports suggested that Lactic acid
bacteria (LAB) have antioxidant properties due to
presence of enzyme such as catalase, superoxide
dismutase and they are usually sensitive to oxidative
stress caused by reactive oxygen species (ROS) and
the ezymes superoxide dismutase (SOD) and catalase
(CAT) can protect against these free radicals by
eliminating superoxide and H,O,, respectively. In
present study, the fermentation of camel milk with
different strains of LAB increased the anti-oxidative
property of the camel milk. The Lactobacillus plantarum
showed the highest anti-oxidative activity which
suggested that L. plantarum can be used as a potential
probiotics. During the study we also found that
the variation in DPPH, ABTS, Catalase, SOD and
GST activity may be due to the change in pH or
fermentation time or formation and breakdown of
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new bio-peptides during fermentation by different
strains of LAB.
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ABSTRACT

The present study was carried out in 112 camels belonging to Bikaneri, Jaisalmeri, Kachchhi and Mewari
breeds of Indian dromedary to detect point mutation in x- casein encoding gene. Amplification of 488 bp fragment
of k-Casein gene spanning from -137 (5" flanking region) to +351 bp of x-CN gene was carried out and genotyped
for the g.1029T>C SNP using the restriction enzyme Alul in PCR-RFLP analysis. Three restriction patterns were
resolved on 3.5% agarose gels. The pattern, comprising of 203 bp, 158 bp and 127 bp bands, was resolved successfully
for the TT samples. The g.1029T>C transition created an additional restriction site for the enzyme Alul leading
to the digestion of 158 bp band into two fragments of 120 bp and 38 bp resulting in the 5 band pattern of 203 bp,
158 bp, 127 bp, 120 bp and 38 bp for CT genotype and 4 band pattern of 203 bp, 127 bp, 120 bp and 38 bp for CC
genotype. The genotype frequency, pooled over breed, was 0.045, 0.384 and 0.571 for the CC, CT and TT genotypes,
respectively. The frequency of major allele T was observed to be 0.763 and that of C was observed to be 0.237. The
existence of CT genotype in sizable number documents the dynamic nature of the locus g.1029T>C SNP, in Indian
dromedary breeds. Almost comparable polymorphism was observed in both the sexes. The 3 genotypes, viz. CC,
CT, TT, were almost equally distributed among the four Indian breeds (x?=3.4529; P = 0.750224). The frequency
of C allele was lowest in Bikaneri and highest in the Mewari breed. Though the frequency of C allele (Cytosine)
in Indian dromedary is relatively low (0.237), still a rapid directional selection might be attempted in favour of
the C allele, which is responsible for the creation of an extra putative site for the Hepatocyte Nuclear Factor - 1
(HNF-1) transcription factor. The HNF-1 is reported to be involved in regulation of a number of genes associated
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with innate immunity, lipid and glucose transport, metabolism etc.
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The protein content in dromedary milk ranges
from 2.3 to 4.9% in different camel rearing countries.
The casein is the major protein (1.63 to 2.76%) in
camel milk and constitutes about 52 to 87% of the total
protein (Konuspayeva et al, 2009; Nikkah, 2011a; 2011b;
Singh et al, 2017). In camel milk x-CN is 3.5% (EIl
Agamy, 2006) and is encoded by CSN3 gene (Kappeler
et al, 1998). It is reported that xk-CN plays an essential
role in stabilisation of casein micelle (Alexander et
al, 1988). It is chiefly located on micellar surface and
is the specific substrate of chymosin, responsible
for the hydrolysation of the x-CN into para-k-CN
and the caseino-macropeptide (CMP) (Kappeler et
al, 2006; Moller et al, 2012). Existence of 16 alleles
corresponding to 13 k-CN variants have been reported
in goat (Caroli et al, 2006) and 19 alleles corresponding
to 14 x-CN variants have been reported in cattle
(Caroli et al, 2009). However, the information about
the DNA sequence of dromedary x-CN is coming at
a slow pace. The cDNA sequence and comparison

of the 5" flanking regions of CNS3 gene in Somali
camel has been reported by Kappeler et al (1998) and
Kappeler et al (2003), respectively. Recently, Pauciullo
et al (2013) reported full length sequence of CSN3
gene along with 1045 nucleotides of 5" flanking region
of x-CN in Sudanese dromedary. They have also
reported 17 polymorphic sites in Sudanese camels. The
information regarding genetic variability in dromedary
populations existing elsewhere in the world is largely
lacking including the Indian subcontinent. Looking
at this and the increased importance of camel milk
for human therapeutics, this study was planned to
investigate the genetic variability in x-Casein gene
spanning from -137 (5’ flanking region) to +351 bp of
k-CN in Indian dromedary breeds.

Materials and Methods

Experimental animals

The blood samples were collected from 112
camel belonging to Bikaneri, Jaisalmeri, Kachchhi
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and Mewari breeds (Table 1) at the ICAR-National
Research Centre on Camel, Bikaner, Rajasthan.
Approximately 10 ml of venous blood was collected
in EDTA and were transported to the laboratory in ice
box and stored at 4°C until use.

PCR conditions

DNA was isolated using phenol-chloroform
method (Sambrook et al, 1989) with minor
modifications. The PCR primers; forward:
CACAAAGATGACTCTGCTATCG and reverse
GCCCTCCACATATGTCTG were utilised (Pauciullo
et al, 2013). PCR amplifications were carried out
in 12.5 pl reactions containing 50 ng DNA, 12.5
pmol each primer (Sigma-Aldrich), 1.0 U Tag DNA
polymerase, 0.2 mM each dNTP, 1.25 pl 10X Taq
DNA polymerase buffer containing 10 mM Tris
- HCI ( pH 9.0), 1.5 mM MgCl,, 50 mM KCI and
0.01% gelatin. The PCR amplification programme,
performed on Eppendorf Mastercycler Gradient,
consisted of an initial denaturation temperature of
95°C for 5 min, then 34 cycles at 94°C for 30s, 56°C for
30 s and 72°C for 45s. Final extension was carried out
at 72 °C for 5 min. The x-Casein bands were visualised
in 1% agarose gel containing ethidium bromide.
The electrophoresis was carried out in 1XTBE at 80
volts and the results were recorded using UVP gel-
documentation system.

Restriction digestion

Around 250-500 ng of amplified PCR products
were digested in 10 pl reaction using 5 units of
Alul restriction enzyme (BioLabs) with CutSmart
Buffer and incubating at 37°C for 15 minutes. The
restriction bands were analysed on 3.5% Agarose gel
electrophoresis with appropriate marker DNA.

Statistical analysis

The Chi-square test (x2) was performed using
IBM SPSS Statistics 20 software (2017) to test the

statistical significance of the differences between
observed and expected frequencies in genotypic
classes.

Sequencing and sequence analysis

The PCR products were got sequenced on
ABI3730 DNA Sequencer. The SNPs were visualised
on chromatograms using Chromas 2.6.6 software.
The sequences were analysed using BioEdit Sequence
Alignment Editor (Hall, 1999). Sequence phylogeny
was derived using Nucleotide BLAST programme of
NCBIL.

Results and Discussion

PCR amplification of k-Casein gene promoter

Amplification of 488 bp fragment spanning
from -137 of 5 flanking region (promoter) to +351
bp of k- Casein gene was successfully achieved by
PCR in Bikaneri, Jaisalmeri, Kachchhi and Mewari
Camels (Fig 1). The present results are in agreement
with the findings of Pauciullo et al (2013) in Sudanese
camel (Camelus dromedarius), Othman et al (2016) in
Maghrabi camel of Egypt and Yamini et al (2019) in
Bikaneri camel of India, where the same set of primers
was utilised for the amplification of 488 bp fragment
of CSN3 gene and it’s 5'flanking region.

PCR-RFLP of x-Casein gene, promoter fragment

The detection of point mutation at k-Casein
gene, promoter was attempted using PCR-RFLP.
The restriction fragments were resolved in 3.5%
Agarose gel. The RE digestion of PCR product (488
bp) of k-Casein gene from the Indian camel (Camelus
dromedarius) breeds using Alul lead to 3 fragments
of 203 bp, 158 bp and 127 bp for the TT genotype
camels. The 158 bp long band was further restricted
into 2 daughter fragments of 120 bp and 38 bp in the
presence of cytosine. Thus, four bands of 203 bp, 127
bp, 120 bp and 38 bp (not resolved) were observed
in animals having CC genotype. Accordingly, the

Table 1. Genotype frequency and allele frequency in Indian dromedary at k-Casein gene, promoter.

Bikaneri Jaisalmeri Kachchhi Mewari
Genotype

M F P M F P M F P M F P
N 13 15 28 6 22 28 13 15 28 13 15 28
CcC 0.00 0.00 0.00 0.00 0.04 0.03 0.00 0.13 0.07 0.08 0.07 0.07
CT 0.38 0.33 0.36 017 0.50 0.43 0.38 0.27 0.32 0.23 0.60 0.43
TT 0.62 0.67 0.64 0.83 0.46 0.54 0.62 0.60 0.61 0.69 0.33 0.50
Allele T 0.81 0.83 0.82 0.92 0.70 0.75 0.81 0.73 0.77 0.81 0.63 0.71
Allele C 0.19 0.17 0.18 0.08 0.30 0.25 0.19 0.30 0.23 0.19 0.37 0.29

M-Male; F-Female; P-Pooled Sex; N-Number of Animals
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heterozygous animals with CT genotype showed 5
fragments of 203 bp, 158 bp, 127 bp, 120 bp and 38
bp (not resolved). The results are presented in table
1 and Fig 2.

Fig1. Amplification of 488 bp fragment of x-Casein gene,
promoter in Indian camel (Lane 1 - 15) ; M-100 bp marker.

203 bp

158 bp

127 bp

120 bp

Fig 2. PCR-RFLP genotyping of camel k- casein gene, promoter
with Alul. Lane 4 : CC genotype (203bp, 127 bp, 120bp
and 38 bp) ; Lane 1, 5 and 10 : CT genotype (203 bp, 158
bp, 127 bp, 120 bp and 38 bp) ; Lane 2-3, 6-9 and 11 : TT
genotype (203bp, 158 bp and 127 bp); M-50 bp DNA
marker.

The results indicated that the TT genotype
was the most numerous followed by CT, and the CC
genotype was the least numerous. The nucleotide
substitution at g.1029T>C SNP was observed in all
the camel breeds studied but the CC genotype was
not observed in Bikaneri camels analysed in the study.
The frequency of CT genotype in Bikaneri, Jaisalmeri,
Kachchhi and Mewari breeds were observed to
be 0.357, 0.429, 0.322 and 0.429, respectively. The
frequency of the CC, CT and TT genotypes, pooled
over breeds, was 0.045, 0.384 and 0.571, respectively
(Table 2). The existence of CT genotype in sizable
number documents the dynamic nature of the locus
g.1029T>C SNP, in Indian dromedary breeds. The
frequency of major allele T was observed to be 0.763
and that of C was observed to be 0.237. Almost

Table 2. Genotype and allele frequency in Indian dromedary
at xk-Casein gene, promoter.

Genotype | Male | Female | Pooled | Allele | Frequency
cc 0.02 0.06 0.045 C 0.237
CT 0.31 0.43 0.384 T 0.763
TT 0.67 0.51 0.571

Journal of Camel Practice and Research

comparable polymorphism was observed in both the
sexes (Table 2). The three genotypes, viz. CC, CT, 1T,
were almost equally distributed among the 4 Indian
breeds (x2=3.4529; P = 0.750224; non-significant at 5%
probability level of significance).

Othman et al (2016) studied the genetic
polymorphism of x-casein gene in Maghrabi camel
reared in Egypt. The amplified fragments at 488-bp of
k-CN gene were digested with Alul endonuclease. The
results showed the presence of 3 genotypes; CC (12%),
TT (48%) CT (40%). The finding of Othman et al (2016)
are in agreement with the present findings in Indian
camel breeds except the reporting of higher frequency
of CC genotype in Maghrabi camel. Comparable
results have also been reported by Pauciullo et al
(2013) in Sudanese camel breeds where they also
observed little higher frequency of CC genotype (0.18)
as against (0.045) in present investigation indicating
relatively higher replacement rate at the locus
g.1029T>C SNP. Accordingly, the frequency of C
allele in the sample of 188 Sudanese camels was 0.38,
with a variation among the breeds ranging from 0.30
to 0.46 and that of T allele was 0.62 with the variation
among the breeds ranging from 0.54 to 0.70. However,
Yamini et al (2019) reported 3 fragments of 203 bp, 158
bp and 127 bp upon restriction digestion of 488 bp
k-Casein gene fragment with Alul restriction enzyme
in TT genotyped camels of Bikaneri breed, which is
in agreement with the present findings but restriction
digestion of 158 bp fragment with Alul enzyme
leading to 2 daughter bands of 146 bp and 12 bp was
not observed in the present investigation involving
Bikaneri, Jaisalmeri, Kachchhi and Mewari breeds
of Indian dromedary; however, these were observed
by Pauciullo et al (2013) in Shanbali, Kahli, Arabi and
Lahaoi breeds of Sudanese camel; and by Othman ef
al (2016) in Maghrabi camel reared in Egypt. Thus,
the CT genotype reported by Yamini et al (2019) was
different from the CT genotype referred in above 3
studies. Though, the frequency of C allele (Cytosine)
in Indian dromedary is relatively low (0.237), still
a rapid directional selection might be attempted in
favour of the C allele, which is responsible for the
creation of an extra putative site for the Hepatocyte
Nuclear Factor - 1 (HNF-1) transcription factor. The
HNF-1 is reported to be involved in regulation of a
number of genes associated with innate immunity,
lipid and glucose transport, metabolism etc. Here
it will be worth mentioning that the camelids are
considered as evolutionary innovation because of
their only heavy chain antibodies (Hamers-Casterman
et al, 1993). Although, the three genotypes, viz. CC,
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CT, TT, were almost equally distributed among the  followed by Kachchhi and Jaisalmeri, and highest
4 Indian breeds (x?=3.4529; P = 0.750224), it was  in Mewari breed of camel (Table 1). The Bikaneri,
observed that the replacement to thymine with  Jaisalmeri, Kachchhi and Mewari breeds of Indian
cytosine at g.1029 locus was lowest in Bikaneri breeds =~ dromedary are adapted in different geo-climatic

|- oct-1 -|
918 928 938 948 958 968 978 988 998 1008

R T T A O (o S A O [ SO IR IO RN SO IO IV I

CACAAAGATGACTCTGCTATCGTCAAATCTTTCCTTTTTGTCATCTTCCTATTGGGTGTAATGTAGGAGGAAGATAARATCACATGATGCAAAGCACTAAC

-128 -118 -108 -98 -85 -78 -68 -58 -48 -38
| TATA-Box | |- HNF-1-| | == exon 1 ——--------mmmmm |
1018 1028 1038 1048 1058 1068 1078 1088 1098 1108

R I I B NI IPIPY) (PO [ IRIRIREl IRTPIRIT IRIIRIrSl ISR Ire) IPIPIPIrs) PSPt IPTPIPIRSS IRIRIRIPYS IPTPIPIPS) (PSPUPIPO) (PUPRPOPS) IRTPIP R
ACCCTTTAATTAGTCTCCAGTTATTTACCTTGGGTCTTCTTTACAGTTGAGAGGCCAGCTCAACCTACTGCCAAGCAAGACCTGACAGGCACAAGGGAAG

.................... o e e e e e e e e e e e e,

........................................... B et i i e e it e ettt e e
-28 -18 -8 3 13 23 33 43 53 63
1118 1128 1138 1148 1158 1168 1178 1188 1198 1208

D e e I O
GTAATCAAATTGAAATGTCCAGAGAGAATGACTTTTTTTCACAGGAGTTAATCATAATTTCTTCCTCTTAGTTTTTATTGCTAAGCTTGAATATGCCTTG

1218 1228 1238 1248 1258 1268 1278 1288 1298 1308

T O e O O I T T
GCATCATTTTGACATTAGTTTCTAACCTAAACCTTAGATTCTGTATAATGTTATGATTAAATTTATTTTTAACTTCACTTTGGGTTATTTTTGTCTTCAC

1318 1328 1338 1348 1358 1368 1378 1388
e e L B B B T e T e T T I
TACTGGCTAAACTACTGAAGACAATGTAAATTGTAAAGAAAAGTTGTTCAAGACAATGAACTTATTCCTACAGACATATGTGGAGGGC HE863813
............................................ g.1029T.C
............................................ g.1029T
............................................ §.1029T, 1052C>T,
1142T>C, 1298T>A
273 283 293 303 313 323 333 343
Fig 3. Alignment of nucleotide sequences of the promoter region, exon-1 and intron-1 of C. dromedarius CSN3 gene variants observed
in the present study with the published sequence of the camel (NCBI GenBank ID HE863813). The first line numbering is as
per the reference sequence HE863813 and the lower numbering is relative to the first nucleotide of first exon (+1).

¢ PREDICTED: Vicugna pacos casein kappa (CSN3), mRNA
? Lama glama partial CSN3 gene, promoter and exon 1

I Camelus dromedarius k-casein gene (CSN3), 5"'UTR, T allele

. Camelus dromedarius csn 3 gene for kappa casein
' Camelus bactrianus breed Maghrabi kappa casein (CSN3) gene, CSN3-t allele, 5' U.
' Camelus bactrianus breed Maghrabi kappa casein (CSN3) gene, CSN3-C allele, 5' U...

o Camelus dromedarius partial gene for kappa-casein, 5' flanking region

I 0.02 |

) Camelus bactrianus CSN3 gene promoter partial csn3 gene

5 PREDICTED: Carmelus ferus casein kappa (CSN3), mRNA

Fig 4. Phylogenetic analysis of sequence containing g.1029 T allele in x-casein gene, promoter.
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T allele

C allele

TTCA

Refseq

Fig 5. Phylogenetic analysis of sequence containing T allele (g.1029 T), C allele (g.1029T>C), TTCA alleles (g.1029T, 1052C>T,
1142T>C, 1298T>A) in k-casein gene, promoter in Indian camel in relation to the published sequence (NCBI GenBank

ID HE863813).

conditions and have recently been evaluated and/or
selected for milk production (Mehta et al, 2011; 2014;
2015). Nevertheless, it will be too early to correlate
this SNP with above classification and selection
of Indian camel breeds because of relatively small
sample size (28 animals per breed) to establish this
relationship.

Nucleotide-substitution: SNP verification by
sequencing

The samples identified as representing TT, CT
and CC genotype with respect to the single g.1029T
>C nucleotide substitution in CSN3 gene were
sequenced. Fig 3 presents the alignment of nucleotide
sequences of the promoter region, exon-1 and intron-1
of C. dromedarius CSN3 gene variants observed in
the present study with the published sequence of the
camel (NCBI GenBank ID HE863813). The analysis of
sequences confirms the specificity of the sequences for
the identified SNP genotypes. The TT homozygous
animal was also observed to be heterozygous for
g.1052C>T, g.1142 T>C and g.1298 T>A (Fig 3).
The phylogenetic analysis reveals that the sequence
containing g.1029T allele was placed at a distance
of 0.017 from evolutionary point of reference in the
node containing CSN3 gene and 5 UTR sequences of
Camelus dromedarius, Camelus bactrianus and Camelus
ferus. The other node of the phylogenetic tree had
CSN3 gene and 5'UTR sequences of Lama glama and
Vicugna pacos (Fig 4). The phylogenetic relationship
between sequences containing g.1029T allele; g.1029T
allele along with g.1052C>T transition; g.1142T>C
transition and g.1298T>A trans-version; and
g.1029T>C transition was studied in relation to the
published sequence (NCBI GenBank ID HE863813)
and presented in the Fig 5. The analysis suggested
that the sequences containing C allele and other

Journal of Camel Practice and Research

transition and transversion are of subsequent origin
(Fig 4-5), which is also substantiated by the paucity of
CC genotype animals and lower frequency of C allele
in all the 4 breeds covered in the present investigation.
The SNPs g.1052C>T transition; g.1142T>C transition
and g.1298T>A trans-version needs to be further
investigated by increasing the sample size and
working out possible correlation with the traits of
economic importance.

The study documents existence of genetic
polymorphism in Indian dromedary breeds in the
CSN3 gene promoter just upstream of the exon 1
creating extra putative site for the transcription factor
HNEF-1. The influence of HNEF-1 allelic variants on
CSN3 needs to be further substantiated. Nevertheless,
the presence of C allele at g.1029 locus in the 5UTR
of CSN3 gene with the frequency 0.24 gives the
opportunity for the rapid directional selection in favour
of such allele. This DNA based PCR-RFLP test can be
used for typing camel CSN3 variability independent of
age, sex and stage of lactation of animals for selecting
them in breeding and production programmes.
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MIDDLE EAST RESPIRATORY SYNDROME (MERS)
IN AN ADULT DROMEDARY CAMEL: SHORT
COMMUNICATION

Wernery Ul, Joseph S! and Woo PCY?
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ABSTRACT

MERS-CoV was isolated from nasal swabs for 10 days from an adult female camel which displayed clear nasal
discharge from both nostrils. When MERS-CoV ELISA antibodies appeared in the camel’s blood, the virus was no

longer present in its nasal cavities.

Key words: Camel, MERS

Since the emergence of Middle East Respiratory
Syndrome (MERS) in 2012 in Saudi Arabia, more than
2000 human cases have been reported worldwide
with a case fatality of 30% (WHO, 2018). The
causative agent of MERS has been confirmed to
be a novel coronavirus (CoV) named MERS-CoV
belonging to the lineage C of Betacoronavirus (Van
Boheemen et al, 2012). Investigations have shown
that the one-humped or dromedary camel (Camelus
dromedarius) is so far the only reservoir of MERS-CoV
(Alagaili et al, 2014; Wernery et al, 2015a, 2015b; Sabir
et al, 2016), although we recently showed that the
two-humped or Bactrian camel (Camelus bactrianus)
in Dubai also possessed MERS-CoV antibodies (Lau
et al, 2020). Adult dromedaries have almost 100%
seropositivity against MERS-CoV while the virus is
found mainly in dromedary calves (Wernery, 2014;
Wernery et al, 2015a).

In this article a rare case of MERS-CoV infection
in an adult female dromedary camel is reported.

Materials and Methods

One adult, more than 10-year-old breeding
dromedary was presented with clear nasal discharge

from both nostrils, but otherwise healthy, eating
and drinking well. It was in a group of 2 other
dromedaries which showed no clinical signs.
Nasal swabs were taken from both nostrils of all 3
dromedaries as well as blood from the jugular veins.
The nasal swabs were collected in viral transport
medium containing minimal essential medium
(MEM) with antibiotics. The blood was centrifuged
and sera were stored at -20°C until tested. Virus
isolation was attempted on vero cells with bacterial
filtered samples. The sera of the 3 dromedaries were
tested with the Euroimmun® MERS-CoV antibody
ELISA. All test procedures are laid down in the
upcoming MERS-CoV chapter of the OIE manual
(2022).

Results

Results of this investigation is summarised in
Table 1.

MERS-CoV was isolated from camel 341 which
showed nasal discharge, but not from camels 342 and
513 which displayed no nasal discharge. Ten days
later MERS-CoV was not any longer present in the
nose of camel 341.

Table 1. MERS-CoV investigations of 3 adult dromedary camels.

Camel ID Day 0 Day 10 Day 20
Virus isolation | Antibody ELISA | Virus isolation | Antibody ELISA | Virus isolation | Antibody ELISA
341 Positive negative negative negative negative positive
342 Negative positive negative positive negative positive
513 Negative positive negative positive negative positive
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ELISA antibodies were found in camels 342
and 513 from which no MERS-CoV was isolated. No
antibodies against MERS-CoV were detected for 20
days in camel 341 from the day virus was isolated.

Discussion

It is rare to isolate MERS-CoV from adult
dromedaries as most of them have neutralising
antibodies (Wernery et al, 2017). In our case,
dromedary 341 did not possess any ELISA antibodies
and therefore shed MERS-CoV through its nose for
10 days. A similar result was found in camel calves.
The virus was shed through the nose only for 8
days (Wernery, 2014). After MERS-CoV antibodies
appeared, the virus disappeared as proven with camel
341 which displayed MERS-CoV ELISA antibodies
20 days after the virus was isolated for the first time.

In conclusion, dromedary adult camels which
do not possess MERS-CoV antibody can get infected
by the virus and may display nasal discharge.
However, when antibodies appear, the virus is no
longer isolated from the camel’s nose.
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A CASE OF ENDOCARDIAL FIBROELASTOSIS IN A
LLAMA (Llama cria)

V. Ipek! and O. Kaplan?
Department of Pathology, Institute of Health Sciences, 2Faculty of Veterinary Medicine,
Mehmet Akif Ersoy University, Burdur, 15100, Turkey

ABSTRACT

In this communication, we aimed to describe a case of endocardial fibroelastosis in a Llama cria. Macroscopic
examination revealed that the endocardial tissue of the heart had a gray-white appearance. However, cardiovascular
malformations and myocardial necrosis/injury were not seen. Microscopic examination of the heart showed severe
endocardial thickening due to the proliferation of elastic and collagen fibres.

Key words: Endocardium, fibroelastosis, heart, histopathology, llama

Endocardial fibroelastosis (EFE) is a rare
heart disease characterised by thickening of the
endocardium due to collagenous and elastic tissue
(Rodriguez et al, 2018). Primary EFE is a congenital
heart disease with an unknown cause that affects
humans and animals. No other anatomical cardiac or
vascular anomalies are encountered in this condition
(Paasch and Zook, 1980; Robinson and Robinson,
2016; Zook et al, 1981). In the secondary form, there
may also congenital cardiovascular malformations,
viral myocarditis (Noren et al, 1974), cardiomyopathy
(Liu, 1970), myocardiosis, localised endocardial
thickening which in secondary to myocardial
necrosis and endomyocardial injuries (Zook and
Paasch, 1982), myocarditis observed with carnitine
deficiency (Wolfson et al, 1990) and glycogen storage
diseases (Zook et al, 1981), left hypoplastic heart
syndrome (Lurie, 2010; McElhinney et al, 2010)
and autoimmune reactions (Aoki et al, 2011) but
distinction between primary and secondary forms
may be difficult (Krahwinkel and Coogan, 1971). First
EFE was reported in cats and dogs (Eliot et al, 1958).
This condition was also reported in people, horse,
cattle, chicken, tiger and pallas cat (Bentley, 1999;
Carvalho et al, 2019; Cushing, 2013; Gudenschwager
et al, 2019; Hananeh and Ismail, 2018; Lurie, 2010;
Pass, 1983; Rodriguez et al, 2018). In this case report,
we aim to present an EFE case in Llama cria with
histopathological findings.

Case Report

A 7 months old Llama cria of Antalya Zoo,
was necropsied after death, and internal organs

were sent to the department. Tissue samples
was fixed in 10% formalin and then following
routine follow-up procedure, tissues embedded
in paraffin, 5 pm cut sections were made and
stained with Haematoxylin-Eosin and Verhoeff-
van-Gieson. Stained sections were examined under
light microscope. Macroscopically, there was no
myocardial necrosis, endomyocardial injuries or
cardiovascular malformations, but endocardium
was grey-white colour. Liver was diffusely pale.
Microscopically, there was diffuse mild degeneration
in liver and necrosis in some hepatocytes. In the
heart, left endocardium was markedly thick due
to dense connective tissue proliferation (Fig 1).
With Verhoeff-van-Gieson staining, dark stained,
dense elastic fibrils within the area of endocardial
thickening was observed (Fig 2).

The microbiological analysis of fresh tissue
samples did not reveal any bacterial or viral agent.

Discussion

Macroscopically, fibroelastosis was mostly
characterised by diffuse opaque and whitish
endocardial thickening in the left ventricle (Lurie,
2010). Similarly, we observed diffuse grey to white
thickening of the left ventricle. Microscopically,
ventricular endocardial thickening due to
accumulation of elastic and collagen fibres was
demonstrated by Verhoeff-van-Gieson staining
which has been reported previously (Eliot et al, 1958).
EFE should be distinguished from a heart tumour
fibroelastoma which affects heart valves and adjacent
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Fig 1. Wide fibroelastosis area in the endoardium extending
into the myocardium. (asterisk). Haematoxylin-Eosin,
Bar: 200 pm.

endocardium reported in humans (Lurie, 2010). We
distinguished the case of fibroelastoma due to the
diffuse appearance.

Primary EFE is a familial disease in humans
(Paasch and Zook, 1980), feline species (Paasch and
Zook, 1980; Rozengurt, 1994; Zook and Paasch,
1982). There have been suggested mechanisms of
genetic transmission in some reports (Hanukoglu et
al, 1986; Westwood et al, 1975). Most patients with
primary EFE die due to congestive heart failure
within 1 year after birth (Rozengurt, 1994). We
believed that our case is primarily congenital EFE
because of absence any other cardiac and vascular
anomaly. However, genetic analysis could not be
performed. There is a report of atrioventricular
septal defect in llama (Cebra et al, 2015) but
according to the authors’” knowledge, there is no
any report of EFE in llamas.
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HAEMATOLOGICAL STUDIES DURING LATE
PREGNANT AND EARLY LACTATION STAGE IN
JAISALMERI CAMELS (Camelus dromedarius)
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ABSTRACT

In present study, haematological parameters were recorded during late pregnancy and early lactation in the
Jaisalmeri breed of camel. Blood samples from 10 adult Jaisalmeri late pregnant and early lactating females were
collected. The Complete Blood Count (CBC) was performed using automatic blood analyser. The Mean * SE of
Erythrocyte count (RBC), Total Leukocyte count (TLC), Haemoglobin (Hb) and Haematocrit value (PCV) were 6.18
+0.35x10°/pL, 4.95 +0.91 x 103/uL, 10.20 £ 0.41 g/dl and 25.69 + 1.16%, respectively in late pregnant females while
7151041 x 106/ uL, 7.69 £ 0.38 x 103/ uL, 10.30£ 0.50 g/dl and 23.38 + 1.24%, respectively in early lactating females
of camel. The Differential Leukocyte Count i.e. Mean * SE values of Lymphocyte, Monocyte, Neutrophil, Eosinophil
and Basophil percentage were 29.62 +5.82%,10.36 +2.20%, 49.13 £ 5.85%, 10.59 £ 1.72% and 0.30 £ 0.04%, respectively
in late pregnant females while 17.63 +1.79%, 5.58 + 0.48%, 74.55 £ 1.96%, 1.91+ 0.41% and 0.33 £ 0.03%, respectively
in early lactating females of camel. Most of the findings of blood analysis were within the normal range except TLC
and DLC. This may be due to the effect of physiological status of animal i.e. late pregnancy, early lactation and some
diseased conditions. Total Leukocyte Count (WBC) was found to increase significantly (P <0.05) during early lactation

Vol 27 No 2, p 213-215

as compared to late pregnancy.

Key words: Camel, haematology, Jaisalmeri breed, lactation, pregnancy

Pregnancy and lactation are physiological
periods that result in increased metabolic demands.
Although, homeostatic mechanisms keep substances
in the blood at relatively constant levels, some
changes in the concentrations of haematological
parameters occur indicative of the metabolic stress
during pregnancy and early lactation. Haematological
values of camels have been reported (Tornquist et al,
2010; Faye and Bengoumi, 2018). The haematological
variations in response to stress during pregnancy
and early lactation has not been studied in Jaisalmeri
camels of Rajasthan. Present study was planned to
assess the effect of late pregnancy and early lactation
on the haematological parameters in the Jaisalmeri
breed of camels.

Materials and Methods

Ten pregnant and early lactating females of
Jaisalmeri breed of dromedary camel from Phalodi
Tehsil of Jodhpur District, Rajasthan were selected for
study. Blood samples were obtained from the Jugular
vein. Blood was collected in test tubes containing Ky-
EDTA and gently mixed. To avoid alterations related
to diurnal variations, blood samples were collected at

the same time each day. The samples were stored in
refrigerator till processing. The complete blood count
(CBC) was performed using Automated Haematology
Analyser i.e. (Spincell 5 compact Vet Mode. Spinreact,
Ctra. Sta. Coloma, 717176 St. Esteve de Bas GIRONA
- Spain). Data was analysed statistically using t-Test.

Results and Discussion

The effects of late pregnancy and early lactation
on the haematological parameters in Jaisalmeri camel
were expressed as mean * standard error values
(Table 1, Fig 1, 2 and 3). Total Leukocyte Count (WBC)
was significantly increased (P < 0.05) during early
lactation compared to late pregnancy.

The results showed that the neutrophils
increase was highly significant (P < 0.001) during
the early lactation compared to the late pregnancy.
Postpartum neutrophilia observed in this study has
also been reported previously (Ebissy et al, 2019),
who attributed such finding to stress being associated
with parturition and the beginning of lactation
stage. Significant (P < 0.05) decrease in lymphocytes
percentage was observed during early lactation
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Fig 1. Leukocytes parameters of female camels during late
pregnancy and early lactation (n = 10).
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Fig 2. Erythrocytes parameters of female camels during late
pregnancy and early lactation (n = 10).
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Fig 3. Erythrocytes parameters of female camels during late
pregnancy and early lactation (n = 10).

compared to late pregnancy, whereas monocytes
percentage increased during the late pregnancy
and early lactation compared to the normal non-
pregnant adult but monocytes percentage decreased
significantly (P < 0.05) during early lactation
compared to the late pregnancy.

Eosinophil percentage decreased significantly
(P <0.001) during the early lactation compared to the
late pregnancy and increased in late pregnancy. This
may be due to the effect of physiological status of
animal i.e., late pregnancy.

The predominant white cells observed in the
present study were neutrophils which in agreement
with earlier results (Ayoub et al, 2003). The significant

Table 1. The effects of late pregnancy and early lactation on the haematological parameters in Jaisalmeri camel (n = 10).

S.N. Parameter Unit LatlS/II;;iil;Ency Eaﬁ’eiiitggon IncreaIl)seer/C]:e)Ietrease
1. WBC (TLC) 103/uL 495+091 7.69 £ 0.38* +55.35
2. LYMY% % 29.62 +5.82 17.63 £1.79* -40.47
3. MON % % 10.36 £2.20 5.58 £ 0.48* -46.14
4. NEU% % 49.13 £5.85 74.55 £ 1.96*** +51.74
5. EOS% % 10.59+1.72 1.91+ 0.41%** -81.96
6. BASO% % 0.30+0.04 0.33+0.03 -

7. RBC (TEC) 10°/uL 6.18 +0.35 7.15+0.41 -

8. HGB g/dL 10.20 £ 0.41 10.30+ 0.50 -

9. HCT (PCV) % 25.69 £1.16 2338 £1.24 -
10. MCV fL 4224 +1.74 32.87 £ 0.57%** -22.18
11. MCH Pg 16.64+ 0.60 14.39+ 0.22** -13.52
12. MCHC g/dL 39.70 £ 0.54 44.04+0.27 -

NS = Non significant (P > 0.05)
*** = Gignificant (P < 0.001)

214 / August 2020

* = Significant (P < 0.05)

** = Significant (P < 0.01)
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changes in neutrophils and lymphocytes and
monocytes percentage could be due to cortisol and
ACTH release in response to pregnancy and lactation
stress.

The values changes of TEC (RBC), haemoglobin
(HGB) and haematocrit (PCV) did not attain statistical
significance during late pregnancy and early lactation,.
Such unchanged values of erythrocytes parameters
during the transition period in camels can be taken as
an indicator of the proper feeding and management
regime. Although TEC, haemoglobin (HGB) and
haematocrit (PCV) slightly increased during the late
pregnancy and early lactation as compared to adult
non-pregnant camels (Tornquist et al, 2010; Faye and
Bengoumi, 2018) the MCV ((P < 0.001) and MCH (P <
0.05) values decreased significantly, during the early
lactation compared to the late pregnancy which may
be attributed to the increased metabolic demand for
oxygen consumption during late pregnancy as the
animal has to fulfil the additional metabolic demands
of the foetus.The effects of late pregnancy and early
lactation on haematological parameters have not been
studied in Jaisalmeri or any other breed of Rajasthani
camels. However, a similar study in Jennies (Mariella
et al, 2014) did not find significant differences in
MCV, MCH and MCHC between late pregnancy and
early lactation. It may be opined that camel females
are under greater stress during late pregnancy in
arid climates and hence the difference in response
occurred. Most of the haematological values for
Jaisalmeri camel (Mean * SE) used in this study were
within the range as reported earlier by Tornquist et
al (2010) except for TLC and DLC which may be due
to the difference in breeds and physiological stage of
camels in this experiment.

Late pregnancy and early lactation have a
negative influence on the haematological parameters
in camels. The observed neutrophilia could be
attributed to a stress factor that being associated with
the initiation of the lactation period.
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News

3,000 CAMELS WERE EVACUATED FROM LIBYA’S CAPITAL

In an overnight evacuation 3000 camels
have been walked out of Libya’s capital Tripoli
after the port where they arrived came under
artillery fire in third week of February this
year. The camels were herded along a highway
some 45 km (30 miles) away leading west to the
city of Zawiya, where they arrived next day
morning. Camels looked for the food while
passing through the roads. According to one
report a local armed group had stolen 125 of the camels as they passed through the Tripoli
suburb of Janzour. Security forces temporarily closed the road to let them pass.

(Source: The Indian Express, 24 August 2020)

ONLINE SOUTHWEST CAMEL CONFERENCE 2020

As a part of education programme, Doug Baum is launching Covid 19 affected year’s
only online Southwest Camel Conference on 28 October 2020. There will be many speakers in
the conference. Few noted speakers are Dr T.K. Gahlot, India, Abdul Raziq Kakar, Al Ain, UAE,
Ahmed Eisa, El Hag, Sudan, Gil Riegler, Oasis Camel Dairy, USA, Coralie Le Meur, Droma, Sud,
France, Ivan French, Oklahoma Mini Mill and others. Second announcement will follow soon.

SOUTHWEST CAMEL
CONFERENCE 2020
TEXAS, USA

FREE ONLINE VIA ZOOM
10 AM-4:30 PM CST

OCTOBER 28

ONLINE PRESENTATIONS BY:

DR. TK GAHLOT, INIDIA

DR. ABDUL RAZIQ KAKAR, AL AIN UAE
DR. AHMED EISA EL HAG, SUDAN

GIL RIEGLER, OASIS CAMEL DAIRY, USA
CORALIE LE MEUR, DROMA SUD, FARNCE
IVAN FRENCH, OKLAHOMA MINI MILL
OTHERS TO BE ADDED

Email: texascamelcorps@gmail.com for zoom meeting link
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In-vitro CAPACITATION OF SPERMATOZOA AS

ASSESSED BY CHLORTETRACYCLINE STAINING IN

CAMELS (Camelus dromedarius)
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ABSTRACT

Twelve ejaculates were collected from 6 adult healthy dromedary camels during the rutting season to study
the effect of heparin, caffeine and calcium-ionophore on the induction of capacitation in dromedary spermatozoa.
Each semen sample was evaluated (sperm progressive motility % and sperm concentration x 10°/mL). Nine
ejaculates out of twelve were diluted with Shotor buffer to obtain 15 aliquots of 5-10 x 10° motile spermatozoa/
990ul. Five aliquots were mixed with 10 pl of heparin in concentrations of 0 control, 10 IU (2.5 pl/mL), 25 IU (5 ul/
mL), 50 IU (10 pl/mL) and 100 IU (20 ul/mL). Caffeine (10 pl) was added to another 5 aliquots in concentrations of
0 control, 2.5 mM (0.00485g/mL), 5 mM (0.0097g/mL), 10 mM (0.0194g/mL) and 20 mM (0.0388g/mL). The last 5
aliquots were mixed with 10 pl of calcium-ionophore A23187 in concentrations of 0 control, 0.05 mM (3.75 ul/mL),
0.1 mM (7.53 pl/mL), 0.2 mM (14.95 pul/mL) and 0.3 mM (20 ul/mL). All aliquots were incubated at 38°C in a 5%
CO, atmosphere and 90% relative humidity for 60 min. Aliquots from replications were taken at 0, 5, 15, 30 and 60
min and evaluated for percentages of sperm motility, live sperm and spermatozoa with reacted acrosomes using
eosin nigrosin and Chlortetracycline staining. Results revealed differences in viability indices (VI) between camel
semen incubated with calcium-ionophore and both semen incubated with heparin and caffeine. Heparin 100 IU,
caffeine 5 mM and calcium-ionophore 0.05 mM were the best capacitating factors. A marked increase existed in B
(capacitated and acrosome intact) and AR (capacitated and acrosome reacted) patterns cells accompanied with a
large decrease in F pattern (uncapacitated and acrosome intact) cells in aliquots with the capacitating factors than in
control. In conclusion, heparin (100 IU), caffeine (5 mM) and calcium-ionophore A23187 (0.05 mM) are convenient
capacitating factors for dromedary camels” semen. CTC fluorescent staining technique can be used for assessing
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capacitation status and acrosome reaction in dromedary camels.

Key words: Caffeine, camel, capacitation, chlortetracycline, heparin

Assisted reproductive technologies such as
artificial insemination (AI), embryos transfer
(ET) and in-vitro embryos production (Torner et
al, 2003; Skidmore and Billah, 2006; Tibary et al,
2007; Wani, 2009) could improve the well-known
poor reproductive efficiency of the camel. Several
areas of in-vitro embryo production in dromedary,
including sperm capacitation, need to be resolved
before this technology could be used regularly.
Capacitation is defined as a series of biochemical
and biophysical changes prior to fertilisation
(Wani, 2002). There is limited information on in
vitro induction of capacitation in camels. When
mammalian spermatozoa are first released from the
male reproductive tract, they are unable to fertilise

oocytes immediately, despite being morphologically
mature and independently motile (Das Gupta et
al, 1993). The spermatozoa must undergo a post-
release maturation phase termed capacitation
which is obligatory for mammalian spermatozoa to
attain full fertilising potential (Sebkova et al, 2012;
Tulsiani and Abou-Haila, 2012; Kwon et al, 2014).
Chlortetracycline (CTC) fluorescence technique was
first used to assess the functional status of mouse
spermatozoa (Ward and Storey, 1984). CTC is a
fluorescent antibiotic that binds to the surface of
sperm cells in a Ca®* dependent manner (Tsien,
1989). CTC staining is currently the assay of choice
because it distinguishes 3 different stages of sperm
activation; non-capacitated, capacitated acrosome-
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intact and capacitated acrosome-reacted spermatozoa
(Rathi et al, 2001; Nakai et al, 2012). CTC staining has
been used previously to assess the capacitation state
of spermatozoa in mouse (Saling and Storey, 1979;
Ward and Storey, 1984), stallion (Varner et al, 1987),
bull (Fraser et al, 1995), dog (Guerin et al, 1999), ram
(Paulenz et al, 2002) and camels (Crichton ef al, 2015).
However, unfortunately, a clear understanding of
how CTC interacts with the sperm surface at the
molecular level is lacking and the evaluation of CTC
staining has been performed on fixed sperm cells
(Rathi et al, 2001). Present investigation was done to
study the effect of different concentrations and time of
incubation of heparin, caffeine and calcium-ionophore
A23187 on the in vitro capacitation of ejaculated
dromedary spermatozoa and to assess this effect by
aid of CTC stain.

Materials and Methods

Chemical reagents preparation

A Shotor buffer (Niasari-Naslaji et al, 2007) was
made by dissolving 2.60 g Tris (Sigma, T8793), 1.35
g Citric acid (Sigma, C1857), 1.20 g Glucose (Sigma,
G7528) and 0.90 g Fructose (Sigma, F2543) in 100 ml
deionised water with an osmolality of 330 mOsm/
kg and pH of 6.9. Heparin concentrations were
made by dissolving heparin sodium salt (Sigma,
H4784) in deionised water and preparing serial
dilutions with final heparin concentrations of 0,
10, 25, 50 and 100 IU. Caffeine concentrations were
made by dissolving caffeine powder (Sigma, C0750)
in deionised water and preparing serial dilutions
of caffeine as 0, 2.5, 5, 10 and 20 mM. Calcium-
ionophore A23187 concentrations were prepared by
dissolving calcium-ionophore A23187 (Sigma, C7522)
in Dimethyl sulfoxide (DMSO; Sigma, D2650) and
serial dilutions were done to obtain concentrations
of 0, 0.05, 0.1, 0.2 and 0.3 mM. The CTC fluorescence
stain was adopted from a previously stated method
(Hewitt and England, 1998). A fixative buffer was
prepared by dissolving 12.11 g Tris (Sigma, T8793)
in 100 ml deionised water. The fixative was made by
mixing glutaraldehyde 25% (Sigma, G5882) with the
fixative buffer 1:1 (v/v) and the pH was adjusted to
7.4. A CTC buffer was prepared by dissolving 240
mg Tris (Sigma, T8793) and 760 mg sodium chloride
(Sigma, S3014) in 100 ml deionised water. The buffer
was filtered through Amicon® Ultra-15 Centrifugal
Filter Device with 100,000 MWCO (UFC 910024,
Merck Millipore Ltd., Tullagreen, Carrigtwohill, Co.
Cork, Ireland) using a swinging bucket rotor at 4,000
x g for 30 min and stored at 4°C. A CTC solution was
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made by mixing 2 mg of CTC (Sigma, 26430) and 4.4
mg of DL-Cysteine (Sigma, 861677) with 5 ml of CTC
buffer. The pH of the solution was adjusted to 7.8 and
stored at 4°C.

Camels and semen collection

Six adult healthy camels with sound history
of fertility in the herd and an average age of 7 years
(range, 5-13 years) were used in this study during
the rutting season (December to April;, Arthur ef al,
1985). These males were maintained under standard
conditions of feeding and management at the Camel
Research Centre, King Faisal University, Saudi Arabia
and served as sires for breeding females. Twelve
ejaculates were collected (one ejaculate/week) from
these camels using electro-ejaculation method (Tingari
et al, 1986). Quality of semen samples was established
by evaluating sperm motility and concentration by
the same trained individual using Sperm Vision®
3.5 (Minitube of America, Inc) and NucleoCounter®
SP-100TM (Chemometec, Ser. no. 1110-020-
03, Gydevang 43, DK-3450 Allerod, Denmark),
respectively. Percentages of sperm abnormalities were
determined using eosin nigrosin stain (Eosin G, 2%
Ref. 15405/0025, miniTiib, GmbH, Germany; Nigrosin,
4% Ref. 15405/0029, miniTiib, GmbH, Germany).

Semen dilution and capacitation

Only semen samples that had sperm
progressive motility equal to or more than 50%
(9 out of 12) were used. Semen samples and all
chemical reagents were put in a water bath at 34°C.
Immediately after semen evaluation, semen samples
were diluted with an appropriate volume of Shotor
buffer to obtain 15 aliquots with a final concentration
of 5-10 x 10° motile spermatozoa/aliquot (each aliquot
was 990 pl).

One aliquot of Sperm-Shotor’s suspension of
5-10 x 10° spermatozoa (990 ul) was mixed with 10
ul dose of 0 heparin (heparin control) and 4 aliquots
were mixed with 10 pl of 1 of 4 concentrations of
heparin (10 IU (2.5 pl/mL), 25 IU (5 pul/mL), 50 IU
(10 pl/mL) and 100 IU (20 pl/mL). Another aliquot
of Sperm-Shotor’s suspension was mixed with 10 ul
dose of 0 caffeine (caffeine control) and 4 aliquots
were mixed with 10 pl of 1 of 4 concentrations of
caffeine (2.5 mM (0.00485g/mL), 5 mM (0.0097g/
mL), 10 mM (0.0194g/mL) and 20 mM (0.0388g/mL).
Also, one aliquot of Sperm-Shotor’s suspension was
mixed with 10 pl dose of 0 calcium-ionophore A23187
(calcium-ionophore A23187 control) and 4 aliquots
were mixed with 10 pl dose of 4 concentrations of
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calcium-ionophore A23187 (0.05 mM (3.75 ul/mL), 0.1
mM (7.53 pl/mL), 0.2 mM (14.95 pl/mL) and 0.3 mM
(20 pl/mL). All aliquots were incubated at 38°C in a
5% CO, atmosphere and 90% relative humidity for
60 min. Aliquots were taken at 0, 5, 15, 30 and 60 min
and evaluated for percentage of sperm motility. The
viability indices (VI, Change in sperm motility with
time; Milovanov et al, 1964) were calculated from the
following equation:

VI= 2 [M x (T-R/2)]

where; VI is the viability index, X is a sign for
the sum total, M is the percentage of sperm motility,
T is the time of next determination of motility and R is
the time of previous determination of motility.

Moreover, aliquots were taken at 0 and 60 min
and percentages of live sperm were determined
using eosin nigrosin exclusion technique (Bjérndahl
et al, 2003; Cecere, 2014; Agarwal et al, 2016) and
maturational state was evaluated by CTC staining
assay (Wang et al, 1995). Aliquots from replications
(20 pl) were mixed with an equal volume of eosin
solution and 40 pl of nigrosin solution and smeared
onto a pre-warm microscope slide (37°C). After drying
of the slide, sperm were scored (at least 100 cell/slide)
under light microscope (oil-immersion 100x). Live
sperm showed no staining and dead cells showed
pink colouration. The presence of spermatozoa with
a partial colouration were considered as dead cell. In
the CTC staining assay, the microscope slide of the
CTC stain was prepared by mixing 45 pl of each of
replications with 45 pl of the CTC solution and 8 pl
of fixative. A droplet (10 ul) of the stained replication
was placed on a prewarmed (37°C) microscope slide
and a droplet of vectrashield (Vector Laboratories,
Peterborough, UK) was added to retard fading of the
fluorescence. These droplets were mixed on the slide
using a pipette tip, a coverslip was applied and gently
compressed using a tissue paper. The coverslip was
sealed on the slide by colourless nail varnish (Hewitt
and England, 1998). The slides were examined with
an Olympus corporation microscope (TH4-200,

Tokyo, Japan) equipped with epifluorescence optics
(excitation at 405 nm BP filter and CTC fluorescence
emission at 455 DM), Olympus optical high pressure
mercury burner (BH2-RFL-T3, Ser no. 2206115, Japan)
and Thermo plate (MATS-U55RH20, Ser.no. 120997,
Tokai Hit Co., Ltd, Japan). The characters of the CTC
stained sperms were determined, photographed and
described. For each replication, 50 spermatozoa were
evaluated.

Statistical analysis

Data are presented as means = SEM for
camel sperm parameters, motility, viability index,
percentage of live sperm and sperm staining pattern
with CTC. These parameters were compared by t-test
using SPSS program, version 24.0 (SPSS, 2016).

Results and Discussion

The initial semen parameters (mean * SEM)
of camels’ ejaculate volume, percentage of motile
sperm, sperm concentration and percentage of sperm
abnormalities were 3.90 + 0.71 ml, 55.33 £ 2.72, 342.53
+ 86.82 x 10°/ml and 25.33 + 1.00, respectively. As
shown in table 1, there are significant (P<0.05 -
P<0.001) differences in viability indices among camel
semen incubated with heparin. Heparin 100 IU
resulted in the best result of viability indices of camel
semen as a capacitating factor (Table 1). Significant
(P<0.05 - P<0.001) differences in viability indices
of camel semen incubated with caffeine are shown
in table 2. Caffeine 5 mM is the best concentration
of caffeine that exerted the highest viability index
of the incubated camel semen (Table 2). Table 3
declares that calcium ionophore 0.05 mM is the
best concentration resulted in good viability index
of camel semen in comparison to the other calcium
ionophore concentrations. Significant differences
in live sperm percent between the 0 min and 60
min of incubation in all semen aliquots except the
part incubated with calcium-ionophore 0.05 mM is
shown in table 4. Three CTC fluorescent staining
patterns are observed: F pattern with fluorescence is

Table 1. Sperm motility (%) and viability indices of incubated camel semen (n=9) with heparin (mean + SEM).

i Motility %

Conil:ff;*r:ilons 0 min 5 min 15 miti 30 min 60 min Viability Indices
Heparin 100 IU 60.832+ 2.69 |51.672+4.54 |48332+454 [33332+3.97 |18.33+4.54 |2443.75%+294.89
Heparin 50 TU 4417 +6.79 |3833°+6.91 [3583°+6.89 |26672+569 |16.67+3.60 |1945.83% +386.66
Heparin 25 [U 40.00°+4.71 |3833°+454 [3500°+4.93 |26.67+3.70 |14.17+3.38 |1850.00" + 258.36
Heparin 10 [U 41.67°+484 |3833P+422 |30.00°+4.41 |[28.332+3.88 15.00+3.63 | 1854.17" +278.34
Heparin 0 TU (Control) | 40.00> +7.07 | 40.002*+7.07 |31.67°+4.84 [22.50°+5.12 16.67 £3.60 | 1802.08P + 343.00

Means with dissimilar superscripts in the same column are significantly different from <0.05 - P<0.001.
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visible over the whole sperm head (uncapacitated and
acrosome intact); B pattern with bright anterior head
and faint fluorescence in the post-acrosomal region
(capacitated and acrosome intact); AR pattern with
dull fluorescence stain over the whole sperm head
(capacitated and acrosome reacted). The capacitation
and acrosome reaction of camel spermatozoa was
recorded using CTC pattern at the start of incubation
(0 min) and after 60 min in the presence or absence
of the capacitating factors. As illustrated in Fig 1, just
after the start of incubation (0 min), it was recorded
that a marked increase in B and AR patterns cells
accompanied with a large decrease in F pattern
spermatozoa in aliquots with the capacitating factors
than in control aliquots. The percentages of F, B and
AR cells at 0 and 60 min were 32.75 and 25.75%, 40.12
and 45.50%, and 22.13 and 28.75%, respectively,
in aliquots treated with heparin; 33.60 and 27.75%,
37.75 and 42.25%, and 28.65 and 30.00%, respectively,
in aliquots treated with caffeine; 30.75 and 22.50%,

n= number of ejaculates.

39.15 and 41.38%, and 30.10 and 36.12%, respectively,
in aliquots treated with calcium-ionophore; 13.42
and 17.67%, 21.8 and 23.23%, and 12.78 and 17.10%,
respectively, in control aliquots (Fig 1).

In the present study, semen parameters of the
freshly collected ejaculates differed slightly from
the previously reported parameters in dromedary
camels. In 14 dromerary ejaculates (Waheed et al,
2018), the ejaculate volume, percentages of sperm
motility, sperm cell concentration and percentages of
sperm abnormalities were 4.72+0.72 ml, 66.11£2.32 %,
268.56+29.10 x 10°/ml and 18.78+2.67 %, respectively.
Higher values of the ejaculate volume and sperm
cell concentration (5.4+4.7ml and 520.3+388.2 x 10°/
ml) have been found in 5 ejaculates of dromedaries
(Monaco et al, 2013). In this study, by using eosin
nigrosin stain, The percentages of live spermatozoa
decreased significantly between the 0 min and 60
min of incubation period except in one replicate.
However, by using Trypan blue and Giemsa stain,

Table 2. Sperm motility (%) and viability indices of incubated camel semen (n=9) with caffeine (mean + SEM).

Motility %
Caffeine concentrations Viability Indices
0 min 5 min 15 min 30 min 60 min
Caffeine 20 mM 50.002 + 3.33 43332 +2.72 |[36.67%@+272 |26.672+3.97 11.672P + 2.45 | 1858.33% + 185.90
Caffeine 10 mM 42500 +498 |40.833+4.60 |36.67° £5.69 |30.00%+4.71 11.8320 + 410 | 1900.83? + 336.51
Caffeine 5 mM 50.832 + 4.89 45832 +4.60 |36.67°+4.91 |29.172+3.58 12,5020 +3.31 | 1960.422 + 256.01
Caffeine 2.5 mM 45000 +7.22 | 40.832P +6.40 | 34.172°+5.17 |26.672+5.18 15.00° + 4.64 | 1895.832 +331.18
Caffeine 0 mM (Control) | 38.33P +5.38 3417°+543 |[29.17° +3.58 16.67° +3.30 6.832 +1.94 1293.67° + 200.61

Means with dissimilar superscripts in the same column are significantly different from P<0.05 - P<0.001.

n= number of ejaculates.

[+

o2

(o))

o
Percentage

Staining pattern of camel spermatozoa with CTC at 0 and 60 min

Heparin

Ionophore

Caffeine

Control

Fig 1. Staining pattern of camel spermatozoa with CTC at 0 and 60 min.

220/ August 2020

Journal of Camel Practice and Research




Table 3. Sperm motility (%) and viability indices of incubated camel semen (n=9) with Calcium ionophore (mean + SEM).

. Motility ¥

Calcium ionophore y7 Viability Indices

concentrations 0 min 5 min 15 min 30 min 60 min

gglgl‘;z“ ionophore 9172+3.05 | 250°+1.10 | 017°+011 [ 000°£0.00 | 0.002+0.00 | 43.75%+15.42
g;lf;‘ll\j[“ ionophore 13330 +3.08 | 6.002+£3.14 | 0.007+0.00 0.00% £ 0.00 0.00% £ 0.00 78.33% + 29.39
Ocilfﬁj[“ ionophore 17.50°£4.70 | 4332209 [ 000°£0.00 [ 000°£0.00 | 0.00°+0.00 | 76.25%+27.00
gglglr‘;‘l\l;‘[ ionophore 20.00°+471 | 11.67°+414 | 083*+054 | 0.00°+£0.00 | 0.00°+£0.00 | 147.92°+47.21
Calcium fonophore 40.00°+4.41 | 33334616 | 28330+610 | 241724517 | 7.67°+256 | 1477.92¢+302.97
0 mM (Control)

Means with dissimilar superscripts in the same column are significantly different from P<0.05 - P<0.001. n= number of ejaculates.

Table 4. Percentages of live sperm in incubated camel semen
(n=9) with the capacitating factors using eosin nigrosin
stain (mean + SEM).

Live sperm % Live sperm %
Capacitating factor 0 min 60 min

P< 0.05-0.001 P< 0.05
Heparin 100 IU 68.7842+ 1.35 | 40.1152 +4.38
Heparin 50 [U 54.11Abdgh + 3 68 | 41.89B2bc + 5 46
Heparin 25 IU 60.674deh + 274 | 41.0082bc +3.74
Heparin 10 IU 57.22Abegh + 2 83 | 39.44Babc 1+ 3 96
Heparin 0 TU 56.11Abdgh +3.78 | 39.89Bac + 423
Calcium ionophore 41114238 | 34.89B0 +223
0.3 mM
Calcium fonophore | 5 11 Abdsh 4 469 | 3544830 + 440
0.2 mM
Calcium fonophore 49.78A% +323 | 40.675% +3.93
0.1 mM
Calcium ionophore 49001 + 3.96 36.333b¢ + 6 86
0.05 mM Rt : =
Calcium ionophore 62.00Abd8 +323 | 28.33B+3.25
0 mM
Caffeine 20 mM 59.674abdgh + 3 70 | 35.44Babe + 4 66
Caffeine 10 mM 57.89Abdgh + 4 04 | 39.22Babc + 488
Caffeine 5 mM 61.894abdgh + 4 03 | 40.78Babe + 490
Caffeine 2.5 mM 6311404 + 481 | 43.448c+258
Caffeine 0 mM 625649 £1.48 | 39.565¢ +3.34

Means with dissimilar superscript capital letters in the same
row of each parameter and means with dissimilar superscript
small letters in the same column are significantly different from
P<0.05 - P<0.001.

n= number of ejaculates

the addition of calcium-ionophore to the bovine and
caprine semen resulted in a significantly improved
percentage of live spermatozoa with true acrosome
reaction at all stages of incubation (Pereira et al, 2000).
In the present study, heparin 100 IU and caffeine
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5 mM exerted a significant beneficial effect on
viability indices of camel semen. However, calcium-
ionophore A23187 had very low values of viability
indices resulted from the dramatic decrease in sperm
motility as no spermatozoa were scored as motile
after 15 min of incubation with all calcium-ionophore
concentrations, even though approximately 35-40% of
the cells were still live at 60 min of incubation. This
is might be explained by ionophore A23187 might
affect sperm metabolism and has less effect on sperm
plasma membrane. Heparin, caffeine and calcium-
ionophore have been used in initiation of acrosome
reaction in several species including bovine and
caprine (Pereira et al, 2000). In rams, heparin 250 IU,
caffeine 5.15 mM and calcium-ionophore 1.55 mM
have been used for in-vitro capacitation and acrosome
reaction (El-Shahat et al, 2016). These concentrations
of heparin and calcium-ionophore are much
more than the concentrations used in the present
study. However, in bovine and caprine, the effect
of incubation with heparin, caffeine and calcium-
ionophore on sperm motility is negligible (Pereira
et al, 2000). Similar to the present study, calcium-
ionophore has a negative effect on stallion sperm
motility during incubation for 3.5 h (Rathi et al, 2001).
Nevertheless, an alternative means of improving the
in-vitro fertilising capacity of spermatozoa, in bovine
(Byrd, 1981; Jiang et al, 1991; Pereira et al, 2000),
caprine (Shorgan, 1984; Pereira et al, 2000), equine
(Zhang et al, 1991; Rathi et al, 2001), dogs (Hewitt
and England, 1998), sheep (El-Shahat et al, 2016),
and mouse (Tateno et al, 2013; Navarrete et al, 2016)
is the use of calcium-ionophore A23187. Concerning
caffeine, It inhibits nucleotide-phosphodiesterase
that is responsible for cAMP degradation. Hence
caffeine treatment induces an increase in intracellular
cAMP concentration (Niwa and Ohgoda, 1988). The
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Talp Stock medium supplemented with 25.7 mM
caffeine induced sperm capacitation and in-vitro
fertilisation in swine (de Oliveira et al, 2011). The
addition of caffeine 12.87 mM to the Whittingham’s
T6 medium containing human serum (T6 + 10%
HS) promoted the sperm’s motility and vitality and
enhanced fertilisation in mouse (Nabavi et al, 2013).
On using caffeine 5 mM with the universal IVF
medium, there is hyperactivation efficacy of frozen
bovine semen (Barakat et al, 2015). As a result of their
hydrophobic characteristics, calcium-ionophores
are able to transport ions across membranes. The
increase in free calcium-ionophore within the cell
directly induces the acrosome reaction and bypasses
capacitation (First and Parrish, 1987). The CTC
staining patterns (F, B and AR) have been found
in human (DasGupta et al, 1993), bovine (Fraser
et al, 1995) and dogs’ spermatozoa (Hewitt and
England, 1998). In the present study, 3 staining
patterns were recorded in camels’ spermatozoa and
this method could be useful for identification of
capacitation and acrosome reaction in this species.
In this study, at 0 min of incubation, the percentages
of F, B and AR cells in calcium-ionophore treated
aliquots were 30.75, 39.15 and 30.10%, respectively
and in control aliquots were 13.42, 21.8 and 12.78%,
respectively. In stallions, the average percentages
of spermatozoa showing F and AR patterns are
50.24£0.8% and 9.5+3.2%, respectively, in samples
diluted with Tyrode medium + bicarbonate at 0
min of incubation (Rathi et al, 2001). In the present
study, the percentages of F, B and AR cells after
60 min were 17.67, 23.23 and 17.10%, respectively
in control aliquots and they were 22.50, 41.38 and
36.12%, respectively in calcium-ionophore treated
aliquots. In dogs, mean percentages of F, B and AR
cells after 1 h incubation were 58.75, 37.25 and 4.00%,
respectively in control samples and they were 25, 52.5
and 22.5%, respectively in the ionophore (10 mM)
treated samples (Hewitt and England, 1998).

Heparin (100 IU), caffeine (5 mM) and calcium-
ionophore A23187 (0.05 mM) are convenient
capacitating factors for dromedary camels’ semen.
CTC fluorescent staining technique can be used for
assessing capacitation status and acrosome reaction
in dromedary camels, and it may be useful in future
studies of in-vitro culture and in-vitro fertilisation.
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News

SWIMMING CAMELS, MANGROVE ISLANDS OF KUTCH FACE
MOUNTING CHALLENGES

The Kharai camels of Kutch are dependent on mangroves for their food, and during monsoons,
swim to mangrove islands in hordes. Pastoralists have complained about mangrove destruction
to the state forest department in Gujarat. The
sight of swimming camels, as one can imagine, is
spectacular, but faced with challenges such as rapid
industrialisation in the coastal areas, and mangrove
destruction, their population is dwindling, making
it a threatened breed.

The history may be hazy, but the fact remains
that the Kharai camels are held with respect by the
tribes and until a few years ago they did not even
sell its milk or wool. For income, they depended
on selling the male camels to traders who used
them for transportation. With the advent of small
commercial vehicles that can go deep into small
towns and villages, camels are not used as much - one of the many reasons why these tribes are
struggling socio-economically today. For eight months in a year, the Kharai camels are completely
dependent on the mangrove islands, spending weeks together on these masses. They eat the saline
plants and the mangrove species and drink rainwater accumulated in depressions on these islands.
During winter, their handlers- Rabaris are typically the owners - graze them on the dry land.

oMy

LARGEST EURASIAN CAMEL —-CAMELUS KNOBLOCHI

Camelus knoblochi (Camelus knoblochi Poliakov,1880) belongs to Order Artiodactyla and Family
Camelidae. It has a gigantic Size, i.e. 3,5 m in length, 250 cm in height, 700 - 1,200 kg of weight.
C. knoblochi was the largest Eurasian camel. Its stratigraphical range includes most of the Middle
Pleistocene and Late Pleistocene. This species had its maximum distribution and highest abundance
in the Late Middle Pleistocene, when its range extended from Eastern Europe to Transbaikalia.
In the Late Pleistocene, C. knoblochi inhabited a considerable part of Asia from 391 to 541 N
between the Urals and northeastern China.
Palynological data and paleozoological
contexts indicate steppe and forest-steppe
environments of the species. Most likely, C.
knoblochi fed mainly on grassy vegetation.
However, its diet also included sprigs
and leaves. Their extinction was caused
by climatic aridization during the Late
Pleistocene accompanied by the drastic
change of plant communities. In this
climatic situation, camels were displaced to relatively extreme conditions of dry steppe and semi-
deserts because of high competition with more efficient phyllophagous and herbivorous animals such
as large deer and ruminants. Large C. knoblochi became extinct, being replaced by C. bactrianus, which
is better adapted to severe environments and to feeding on less nutritious vegetation.

(Source: Vadim V. Titov)
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News

CRIMEAN-CONGO HEMORRHAGIC FEVER VIRUS ENDEMICITY IN
UNITED ARAB EMIRATES, 2019

Camel scientists from the Austria and UAE conducted a cross-sectional survey of Crimean-
Congo hemorrhagic fever virus (CCHFV) in dromedary camels and attached ticks at 3 locations in
the United Arab Emirates. Scientists performed 2 conventional reverse transcription PCRs on the
RNA-positive serum samples and on each tick from the 2 RNA-positive pools, 1 amplifying a 492-bp
portion of the viral small (S) segment and 1 amplifying a 672-bp portion of the viral medium (M)
segment (Appendix). These were then subjected to PCR products to Sanger sequencing (GenBank
accession nos. MN516481-8). Results revealed a high prevalence of CCHFV-reactive antibodies in
camels and viral RNA in ticks and camel serum, suggesting the virus is endemic in this country.
Survey indicates that exposure to CCHFV is common among camels in the UAE, and transmission
to camels might be occurring via native infected H. dromedarii ticks.

(Source: Camp JV et al, Crimean-Congo Hemorrhagic Fever Virus Endemicity in United Arab Emirates, 2019.
Emerg Infect Dis. 2020; 26(5):1019-1021.)

WHOLE-GENOME SEQUENCING OF 128 CAMELS ACROSS ASIA
REVEALS ORIGIN AND MIGRATION OF DOMESTIC BACTRIAN CAMELS

The domestic Bactrian camels were treated as one of the principal means of locomotion between
the eastern and western cultures in history. However, whether they originated from East Asia or
Central Asia remains elusive. To address this question, we perform whole-genome sequencing of
128 camels across Asia. The extant wild and domestic Bactrian camels show remarkable genetic
divergence, as they were split from dromedaries. The wild Bactrian camels also contribute little to
the ancestry of domestic ones, although they share close habitat in East Asia. Interestingly, among
the domestic Bactrian camels, those from Iran exhibit the largest genetic distance and the earliest
split from all others in the phylogeny, despite evident admixture between domestic Bactrian camels
and dromedaries living in Central Asia. Taken together, our study support the Central Asian origin
of domestic Bactrian camels, which were then immigrated eastward to Mongolia where native wild
Bactrian camels inhabit.

(Source: Ming, L., Yuan, L., Yi, L. et al, Whole-genome sequencing of 128 camels across Asia reveals origin and
migration of domestic Bactrian camels. Commun Biol 3, 1 (2020). https:/ /doi.org/10.1038/s42003-019-0734-6)

BIOCHEMICAL BIODIVERSITY OF CAMEL MILK

Moroccan camel milk is characterised by slight hydronium potential (pH=6.5), low Dornic
acidity (15°D), low density (1.029kg/1), and high content of ashes (8.06 g/1). Likewise, samples had a
high content of macronutrients (Fats: 34.09 g/1; Proteins: 32.4 g/1; Sugar: 49.8 g/1) and micronutrients
(Vitamin C: 27.53mg/1; Flavonoids: 29.05mg EQ/1: total phenolic compounds: 35.45mg GAE/]).
In this respect, working on multiple specimens from different Moroccan regions highlighted an
analytical diversity from the south to the north. Comparative study of samples from numerous
territories all over the world has confirmed this diversity. North African milk is characterized by
high content of proteins, fats, and sugar. On the other hand, oriental milk is peculiarised by high
vitamin C content.

(The Scientific World Journal Volume 2019, Article ID 2517293, 7 pages
https:/ /doi.org/10.1155/2019/2517293)
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