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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.
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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 (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) 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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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).

146 / August 2020

Journal of Camel Practice and Research



o (o] (o]
| NH | NH | NH
N N0 NT o N /ko
HO 27456 Ho. 27414 |
Nucleoside-diphosphate kinase o UMP/CMP kinase HO. o
-
Q
Ho \ Oy HO O OoH
P N/ HO 0
0“ \—h—0q R \ o
0TI N 7N
oH, O/P\ 36.1.5 Lo 3.6.1.5 o Non
OH ATP-diphosphatase HO— \ ATP-diphosphatase
OH
Uridine 5'-triphosphate Uridine-5'-diphosphate Uridine-5'-monophosphate
Fig 2. The proposed metabolic pathways of uridine 5’-diphosphate (UDP) in camels.
o) o (o]
| NH | /t | NH
N (o] N o N (o)
HO 27456 HO. |
Nucleoside-diphosphate kinase | HO. fo)
Q
Ho \ Ay HO O oH o
N\ p/ HO \ OH
[o] —p—0, a\ v
o \ 9 N\ R
L. o7 o o 2\
on A 3615 l_o 3615 0% Yon
OH ATP-diphosphatase HO—P= ATP-diphosphatase

Uridine 5'-triphosphate

Uridine-5-diphosphate Uridine-5'-monophosphate

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

27414 UMP-CMP kinase, cytidylate kinase; deoxycytidylate kinase; CTP: CMP phosphotransferase

27422 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)

2.74.6 nucleoside-diphosphate kinase

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

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

ID (E.C. number)

Definition (Enzyme name)

274.6

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 hydrolase enzyme, induces the dephosphorylation

Thymidine-triphosphatase (dTTP; 3.6.1.39) of deoxythymidine-triphosphate (dTTP) to the
an enzyme also named thymidine triphosphate  equivalent deoxythymidine-diphosphate (dTDP).
monophosphohydrolase (dTTPase); thymidine  Likewise, it acts on deoxyuridine-triphosphate
triphosphate nucleotidohydrolase; dTTPase;  (dUTP) and uridine-triphosphate (UTP) but very
deoxythymidine-5'-triphosphatase. This is a  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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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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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.

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.
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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

Journal of Camel Practice and Research



o [o}

gy

o’ I\o/ I\OH
OH  OH

Uridine-diphosphate

HO

1.17.41
ribonucleoside-diphosphate reductase

2.7.4.6
nucleoside-diphosphate kinase

2.7.4.9 | /&
N 0 dTMP kinase N o N o
3.6.1.39
0 HO. o o o thymidine-triphosphatase o IOI ﬁ |0|
01 b, M
21N P.
HO o PH HO 0 1~o” P on HO ol °:(|)\0/ | o
P—OH OH OH HO
/7
) Deoxyuridine-diphosphate Deoxyuridine-triphosphate

Deoxyuridine-monophosphate

Fig 13. The proposed metabolic pathways of deoxyuridine-diphosphate (dUDP).

[}
N
HO o7 | o7 | oH
OH OH
Uridine-diphosphate

1.17.41
ribonucleoside-diphosphate reductase

2.7.4.6
nucleoside-diphosphate kinase

NH NH
| PY 2749 | 3 e
N o dTMP kinase N o N 0
0 HO 0 o X 0 ﬁ ﬁ ﬁ
Il P.
PP P.
HO' o M HO o T\O/T\OH HO' o H(|) o/é\o/ Sow
>P—0H OH OH HO  Ho
/
o Deoxyuridine-diphosphate Deoxyuridine triphosphate

Deoxyuridine-monophosphate

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

Journal of Camel Practice and Research

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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News

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.
2.

The urea cycle conserves nitrogen, used to make protein in the face of limited food.

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

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!

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

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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