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ABSTRACT

The differences between the host and parasite metabolic paths could be a hot spot for discovery of antiparasitic
targets. In this work, the metabolic paths of uridine and deoxyuridine in camels and the blood protozoan Trypanosoma
evansi (T. evansi) were investigated by bioinformatics tools. While a set of de novo and salvage enzymes of uridine
were found in camels, T. evansi was lacking uridine kinase and the source of UMP comes through salvage of uridine
conversion to uracil. Therefore, inhibition of uridine phosphorylase (UPase) or cytidine deaminase (CDa) will affect the
downstream UMP, dUMP and thymidylate synthesis by lowering the levels of uracil and uridine inside the parasite,
respectively. Given the presence of two UPases in camel, low sequence similarity between camel and T. evansi UPases
and CDase, targeting these enzymes might be without deleterious effects on the host cells.
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The drug discovery process depends heavily
on computational approaches, which help to edit
the genome sequences. Sequences in a host and
target parasite can be compared to find new parasite-
specific pathways and proteins that are unique to
parasite life. In the last few years, the research in
camel was revolutionized by the decoding of camel
genome sequence (Jirimutu et al, 2012). In this context,
computational tools had been used in approval of
drug targets and their validation (Kandeel et al, 2019a;
Kandeel et al, 2019Db).

In this article, the uridine and deoxyuridine
metabolic pathways were compared in camels and
the blood protozoan, T. evansi. The KEGG maps
(Kanehisa et al, 2007; Kanehisa et al, 2016) were used
to explore the enzymes involved in uridine and
deoxyuridine metabolism. Comparisons were made
between dromedary camel and human, wild camel,
and eukaryotic uridine metabolising enzymes.

In this work, by using bioinformatics tools,
we show that uridine and deoxyuridine pathway
is not well developed in T. evansi as in camels. The
deficiency of uridine kinase renders this pathway
interesting for further studies.

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/)
and protein and genome databases at (http:/ /www.
ncbi.nlm.nih.gov).

Searching homologues— Protein sequence
homologues was 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 program for
proteins and construction of phylogenetic tree— It
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
visualized by Dendroscope phylogenic tree viewer
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(Huson et al, 2007) or CLC genomics workbench
(Sequencing, 2011).

Putative domains— It was searched by the
domain prediction program 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)
were used.

Results and Discussion
Uridine

Uridine production process was proposed
by four routes 1) dephosphorylation of uridine
5-monophosphate by the action of uridine
5 -nucleotidase 2) from uracil by the action of uridine
phosphorylase 3) by deamination of cytidine by the
action of cytidine deaminase 4) the 3’-nucleotidase
uses 3’-UMP to yield uridine as shown in Fig 1. In
the catabolic direction, uridine was used by uridine
phosphorylase or uridine nucleotidase to give
uracil (Fig 1). In the de novo pathway of pyrimidine
synthesis, UMP was produced by the kinase activity
of uridine kinase.

Uridine phosphorylase (EC 2.4.2.3; pyrimidine
phosphorylase); UrdPase; UPH; UPase. It is a
glycosyltransferase enzyme which participates in
pyrimidine ribonucleosides catabolism and salvage
pathways in which, it catalyses the reversible
phosphorolysis of uridine to generate uracil and
alpha-D-ribose 1-phosphate so that the nucleotide
base may be recycled. In addition, mammalian
UPase also receives 2’-deoxyuridine (Liu et al,
1998). Unfortunately, Information about de novo
pyrimidine biosynthesis in parasitic protozoa is
seriously restricted. Moreover, de novo pyrimidine
biosynthesis vs. salvage differs from organism to
organism and even from one growth stage to another.
The first characterisation of UPase from Trypanosoma
brucei viewed that it is a homodimeric (Larson et al,
2010). Additionally, Trypanosoma cruzi UPase reaction
mechanism of is defined as steady state that revealed
no rate-limiting step after formation of reaction
products (Silva and Schramm, 2011). Furthermore,
UPase has an expanded S(N)2 character transition
state (Silva et al, 2012).
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After bioinformatics investigations, both camels
and T. evansi shared common features of the absence
of 3’-nucleotidase and uridine nucleotidase. Uridine
kinase and uridine 5'-nucleotidase were detected
in camels but not in T. evansi. Therefore, cytidine
deaminase and UPase are the only enzyme of uridine
pathway that is present in both of camel and T. evansi
(Fig 1-3 and Tables 1-3).

Table 1. Enzymes involved in metabolic pathways of uridine.

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

3.1.3.6 3’-Nucleotidase
32423 Uridine phosphorylase
3223 Uridine nucleosidase
3.5.4.5 Cytidine deaminase
3.1.35 Uridine 5 -nucleotidase
2.7.148 Uridine kinase

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

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

32423 Uridine phosphorylase
2.7.1.48 Uridine kinase
3.545 Cytidine deaminase

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

ID (E.C. number)
32423
3.545

Definition (Enzyme name)

Uridine phosphorylase

Cytidine deaminase

T. brucei was found to be devoid of uridine
kinase activity (Hammond and Gutteridge, 1982). In
this study, there was no route of converting uridine
to UMP in T. evansi (Fig 3). In addition, the sole route
of generating uridine was by deamination of cytidine.
Therefore, the expected route of UMP biosynthesis
is through the salvage of uridine to the direction of
uracil by the action of uridine phosphorylase, which
is then converted to UMP by the action of uracil
phosphoribosyl transferase.

Uridine phosphorylase

Two uridine phosphorylases were found in
camels, UPase 1 and UPase 2. BLAST search of
these 2 enzymes against T. evansi database did not
get any significant hits. A previous study of crystal
structure of a putative protein in T. brucei revealed its
content of uridine phosphorylase domain and activity.
Despite sequence search and analysis revealed it
is a nucleoside phosphorylase, the determined
structure and biochemical activity revealed that

Journal of Camel Practice and Research



3'-Uridine monophosphate

3.1.3.6
3'-Nucleotidase

o o
" f%u
fio T s

N Uridine kinase . Uridine phosphorylase m
-~ -~
H > 0”7 NH o
3.1.35 3223
HO 0 ou Uridine-5-nucleotidase  HO OH  Uridine nucleosidase Uracil
o? \DH Uridine
Uridine-5'-monophosphate
3545
Cytidine deaminase
Cytidine
Fig 1. The proposed metabolic pathways of uridine.
3’-Uridine monophosphate
o
Cx (X
/Ko 27148 N0 2423
N Uridine kinase Uridine phosphorylase m
- - T e
Hﬂ H 07>y No
3.1.35
H Q_ on Uridine 5-nucleotidase ~ "° OH X Uracil
A

R -
0 o Uridine
Uridine-5’-monophosphate

3.5.4.5
Cytidine deaminase

Cytidine

Fig 2. The proposed metabolic pathways of uridine in camel.

3’-Uridine monophosphate

X

° Uridine phosphorylase

H

X HO H x

HO _OH Uracil
R -
O//\OH Uridine
Uridine-5’-monophosphate

3.54.5
Cytidine deaminase

Cytidine
Fig 3. The proposed metabolic pathways of uridine Trypanosoma
evansi.

it’s a purine nucleosidase as it catalysed reaction
involving uridine only and was nonspecific for other
nucleosides (Larson et al, 2010). BLAST search of T.
evansi database using the characterised enzyme from
T. brucei retrieved a gene with 100% similarity to the
T. brucei enzyme (Fig 4).

Comparison of human and camel uridine
phosphorylases 1 and 2 is given in Fig 5. There was
49% similarity between camel uridine phosphorylases
1 and 2. While the similarity between human and
camels was 65.1% for uridine phosphorylases 1
and 73.74% for uridine phosphorylases 2 and 78-
100% similarity for uridine phosphorylases 1. This
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Fig 7. Dromedary camel, T. evansi and other prokaryotes and eukaryotes uridine phosphorylase. 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.

was affected by the long sequence insertions in the
dromedary camel sequence (Fig 6).

Multiple sequence alignment (Fig 7) and
phylogenetic analysis (Fig 8) with a set of prokaryotes
and eukaryotes uridine phosphorylases revealed
close relation of the single bacterial and protozoal
UPase with the eukaryotic UPase 1, which were
distant from UPase 2. The similarity rate was 66-86%
within UPase 1, which lowers to the range of 43-56%
after comparison with uridine phosphorylase 2. The
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prokaryotic and Trypanosoma UPase showed very
low similarity rates of 15.7-18.8% compared with the
eukaryotic uridine phosphorylases.

Comparison between T. evansi and camel UPase
showed that the trypanosomal enzyme shared 18.64
and 15.39% similarity with the camel UPase 2 and 1,
respectively (Fig 9). The domain prediction tool at
NCBI predicted that the retrieved sequence is similar
to the confirm uridine phosphorylase from T. brucei
(Fig 10).
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Cytidine deaminase

Cytidine deaminase (EC 3.5.4.5, CDA). A
hydrolase metalloenzyme (contains zinc), broadly
disseminated amongst organisms, acting on carbon-
nitrogen bonds, not peptide bonds. The enzyme
implicated in salvage of both exogenous and
endogenous cytidine and 2" deoxycytidine for UMP
synthesis. Likewise, it catalyses the deamination
of cytidine and 2’-deoxycytidine with analogous
effectiveness. Interestingly, the activity of the plant
enzyme is almost very analogous to that of the
human (Vincenzetti et al, 1999). Crithidia fasciculata (a
mosquito parasite) and Trypanosoma cruzi (a human
pathogen) have cytidine deaminase enzyme. The
enzyme from C. fasciculata deaminated both cytidine
and deoxycytidine, the affinity of CDA for cytidine
being much lower than deoxycytidine. Meanwhile,

April 2020/ 115



< em
965 ™

| HOME | SEARCH | GUIDE NewSearch | Structure Home 3D Macromolecular Structures Conserved Domains___|_Pubchem | BioSystems |

Conserved domains on [lcl|seqsig_MAASA_2455d08féfee5e0ac9c7d9dbb89619f8] View el

Local query sequence

Protein Classification

nucleoside phosphorylase (domain architecture ID 12903249)

nucleoside ylase similar to Try brucei uridine phosphorylase that catalyzes the reversible phosphorolysis of uracil ribosides and analogous compounds to

their respective nucleobases and ribose 1-phosphate

Graphical summary [RF2 eIt a0 show extra options » ”?
1 50

100 150
Query seq.

2900 250 300 341

V'V U ——

homodimer interface

active site 4 Ad A A )
A A A 00 A 0 MM

A A AN AL 0 A AM

purine base binding site B}

AN 'y A

ribose-1-phosphate binding site

Y e — —}
Specific hits
Superfanilies NP-I superfamily

«

v

Search for similar domain architectures | @ Refine search | @

List of domain hits

Name Accession

”

Description Interval E-value

[+] UP_TbUP-like  cd00436 uridine phosphorylases similar to Trypanosoma brucei UP; Uridine phosphorylase (UP) catalyzes . 15-338 4.48e-120

References:

B! Marchler-Bauer A et al. (2017), "CDD/SPARCLE: functional classification of proteins via subfamily domain architectures.”, Nucleic Acids Res.45(D)200-3.

1! Marchler-Bauer A et al. (2015), "CDD: NCBI's conserved domain database.”, Nucleic Acids Res.43(D)222-6.

' Marchler-Bauer A et al. (2011), "CDD: a Conserved Domain Database for the functional annotation of proteins.”, Nucleic Acids Res.39(D)225-9.

11 Marchler-Bauer A, Bryant SH (2004), "CD-Search: protein domain annotations on the fly.", Nucleic Acids Res.32(W)327-331.

Help | Disclaimer | Write to the Help Desk
NCBI | NLM | NIH

Fig 10. The expected uridine phosphorylase domain in T. evansi.
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the T. cruzi enzyme has identical affinities for both
substrates. Pyrimidine nucleosides as cytidine, uridine,
5-bromouridine, thymidine, and orotidine significantly
triggers the production of the enzyme in C. fasciculata.
Cytidine is the only nucleoside stimulated enzyme
production in T. cruzi (Kidder, 1984).
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It was previously reported that CDa is essential
for the life of T. brucei (Moro-Bulnes et al, 2019).
Additionally, CDa is the major source for uridine
(Leija et al, 2016), which is important for dUMP and
thymidylate synthesis. In T. brucei, CDa was found
to be a tetrameric enzyme, which is similar to the
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Fig 13. Multiple sequence alighment of dromedary and Bactrian

camels cytidine deaminase. The upper panel represents
sequence comparison statistics. The upper right
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region explains the per cent of identity between two
sequences.

eukaryotic and vertebrate CDa. In addition, CDa
showed more important role in synthesis of dUMP
and thymidylate synthesis than dUTPase (Moro-
Bulnes et al, 2019).

Pairwise comparison of camel and
Trypanosoma CDa showed that the protozoal enzyme
is about 40 peptides longer than the camel enzyme
with about 61% similarity (Fig 11). The camel and
human CDa shared a high similarity rate, more
than 82% Fig 12). Camel species showed very high
similarity of 99.32% (Fig 13). Multiple sequence
comparison and phylogenetic tree of camel and
T. evansi cytidine deaminase in relation to a set of
eukaryotic and prokaryotic organisms are provided
in Fig 14 and 15. The T. evansi CDa was closely
related to higher vertebrate CDas and distant from
the prokaryotic and other protozoal enzymes. The
prokaryotic and protozoal enzymes showed 5-13%
similarity with the camel and higher vertebrates.
While in some protozoa including T. evansi and
helminths, the rate showed medium similarity values
of 30-55%. In comparing the domain and motif
content in camel and Trypanosoma, the tetrameric
form was readily detectable with camel CDa (Fig 16)
but not with T. evansi, which contained CDD cytidine
deaminase superfamily nucleotide metabolism and
transportation.

Deoxyuridine

Deoxyuridine production process is proposed
by three routes (Fig 17) 1) dephosphorylation of
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uridine 5-monophosphate by the action of uridine
5-nucleotidase or 5'-deoxynucleotidase 2) from uracil
by the action of uridine phosphorylase or pyrimidine
nucleoside phosphorylase 3) by deamination of
deoxycytidine by the action of cytidine deaminase.
In the catabolic direction, deoxyuridine is used by
uridine phosphorylase or nucleotide phosphorylases
to give uracil (Fig 17). In the de novo pathway of
pyrimidine synthesis, dUMP is produced from
deoxyuridine by the kinase activity of thymidine
kinase. Camels maps obeys the general described
paths for deoxyuridine. In contrast, T. evansi showed
similar profile with exception of the lack of dUMP
degradation to give deoxyuridine (Fig 18, 19).
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Conclusions

The uridine metabolic pathway in T. evansi
is an important target in T. evansi. The lack of
uridine kinase in T. evansi had led to dependence
on conversion of uridine to uracil to help in
getting UMP by the salvage of uracil by uracil
phosphoribosyl transferase. The obtained results
from bioinformatics investigations suggests targeting
UPase and CDa as drug targets by affecting uridine
and uracil paths.
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