Molecular Characterization of
Hydrophobic NAD Genes in
Echinococcus granulosus Cysts Isolated
from Humans and Sheep in Basrah and
Thi-Qar Provinces

By Maysoon Khazail Challoob



Word Count — Words: 6300

Moleuﬂi\r Characterization of Hydrophobic NAD
Genes in Echinococcus granulosus Cysts Isolated from
Humans and Sheep in Basrah and Thi-Qar Provinces

Maysoon Khazail Challoob*, Sarmad Awad Mozan AL-Asadi

Department of Biology, College of Education for Pure Sciences, University of Basrah, Basrah,
Iraq

Corresponding

Email:
pgs.maysoon khazail@uobasrah.edu.iq




Word Count — Words: 6300

ABSTRACT
Background: The Nﬁa—l dehydrogenase family serves as proton (H +) pumps and primary
electron acceptors in the respiratory chain. It also represents the main source of oxidative
phosphorylation reactions in eukaryotes, which possess three families of NADH dehydrogenases
(proton-pumping, non-proton-pumping, and sodium-pumping).

Aims. This research paper aims at identifying and characterizing the NADH genes of these
families and getting them investigated in cultured Gl germ cells and hydatid cysts isolated from
sheep and humans as well as determining their genotype.

Methods. For the purpose of singling out the families of genes encoded members of peptidase 1
in E. granulosus, a thorough examination was conducted for these genes in the nucleus and
mitochondrial genomes of the parasite E. granulosus. It included collecting alaavailable
sequences of these genes, comparing them with each other, and scrutinizing them in order to
determine the identity and number of members of the subunits that make up the first peptidase in
the E. granulosus parasite. The cells were routinely cultured Hydatids were collected from
human (20) and sheep (35) infected livers. Human Hydatids were surgically removed from
patients. The corfgnts of the hydatid cysts were separated under sterile conditions. The
protoscolices and germinal layers were then kept at -20°C until needed. Sheep livers infected
with hydatids were obtained from Central Slaughterhouse. DNA extraction and polymerase chain
reaction for 7 hydrophobic dehydrogenase subunit proteins (NADI, NAD2, NAD3, NAD4,
NADS, NADG6, and NAD4L) were done. DNA Sequencing and Bioinformatics Analysis also
done.

Results. The results of bioinformatics analysis of the nuclear and mitochondrial genome of the
G1 brought to lightmlt it contains (21) subunits of proton-pumping NADH dehydrogenases
distributed between the nuclear and mitochondrial genomes. Its number in the mitochondrial
ernome was 15 (71.43%) subunits and in the nuclear genome 6 subunits (28.57%). The results of
the polymerase chain reaction using primers for amplifying the genes of the NADI to NAD4L
subunits disclosed their presence at a rate of 100% in both cultured germ cells of the G1 strain
and in the primary heads and germinal layer of the cysts isolated from sheep and humans. They
had low molecular weights that ranged from 9.9 kDa for the NAD4L subunit to 60.2 kDa for the
NADS subunit. Moreover, the results unveiled that it possesses regular amino acids in the form
of o-helical structures, with similar percentages between 42.86 and 48.28%. The loop structures
were in somewhat synonymous proportions, ranging from 51.02 to 57.14. With regard to the
strand structures, they were found only in NAD4 and NADS in addition to its presence at a rate
of 100% in all samples studied. The identity rates were 100% with their counterparts from the
G1 (reference), whose hydrophobic subunits were neutralized in the current study based on
available genomic data.
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Conclusion. Phylogenetic tree analysis displayed that the hydrophobic subunits clustered with
their counterparts in the G1, and were far from their counterparts in the G6 and G7, whose
hydrophobic subunits were also identified based on the subunits that were identified for the G1
in the current study. It is significant to mention that the hydrophobic subunits are conserved
between cultured germ cells of the Gl and between the primary heads and the germ layer of
cysts isolated from goats and sheep, as well as betwggn individuals of the G1. In addition, all
proton-pumping NADH dehydrogenases can be used in the diagnosis of the very similar G1 and
G3.

Keywords: Hydrophobic NAD Genes, Echinococcus granulosus , Cysts, parasitic worm,
Z0oonosis
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INTRODUCTION

First of all, Echinococcus granulosus igggtype of parasitic worm with a zoonotic origin, the most
harmful in all parts of the world [1]. It lives in the small intestine of dogs and many carnivores as
a final host in which it produces eggs, and is excreted into the environment through feces. The
infection is transmitted to domestic and wild animals as an intermediate and main host, and is
transmitted to humans as an intermediate, Incidental host when eating food and water
contaminated with eggs [2]. Humans do not participate in transmitting the disease [3], and upon
infection, the larval stage reproduces asexually in the organs (primarily the liver), causing cystic
echinococcosis [4], which has a strong pathogenicity and a high mortality rate do to the fact that
s growth similar to a malignant tumor [5]. Secondly, the unique feature of the primary cysts
within the hydatid cyst is the ability to develop bidirectionally, either into an adult worm in the
digestive tract of the dog, or into a secondary cyst in the intermediate host, the human [6]. In
Iraq, cystic echinococcosis is hyperendemic and has social aggpeconomic impacts targeting
humans and their livestock [7]. This is ranked among the most neglected tropical diseases, and
also ranks second in thet of food-borne parasitic diseases. A World Health Organization
report, made it clear that more than one million people are infected with echinococcosis at any
given time [8.9].

Thirdly, the E. gm;dasus genome is the first tapeworm genome to be described. Data analysis
exposed that it has complete pathways for glycolysis, the tricarboxylic acid cycle, and the
pentose phosphate pathway [10]. Glycolytic enzymes are the main pathway for energy
generation, and are significant molecules for the survival and development of Echinococcus.
granulosa [11] because it lacks a digestive, respiratory, and circulatory system [6]. It obtains
glucose as an energy source from its host, and metabolizes it through glycolysis and fermentation
[12] as well as through the mitochondrial pathways via oxidative phosphorylation. Electrons are
transferred from NADH and succinate to oxygen Through the proton-pumping electron transport
chain in which ubiquinone (UQ) is used [13].

Furthermore, the molecular sequence of the mitochondrial (mt) genomes, including NADI,
NAD2,NADS3, and COXI, hgg afforded useful genetic information to support compositional and
evolutionary analysis and to explore the nature and extent of genetic diversity within
Echinococcus [14-16]. Based on the molecular sequence, eight generations of E. granulosus
have been identified worldwide [17]. It was also demonstrated that G2 is part of G3 and not an
independent strain [18], and G9 is part of the G7 strain (16). The G1 is the most wide-ranging in
the world [17,19]. As can be seen, some NAD genes were employed in the molecular
identification of E. granulosus strains. However, the total NAD genes in this parasite have not
been determined and characterized. Thus, this study aimed to determine and characterize the
NAD genes in E. granulosus and to investigate these genes in cultured germinal cells (the Gl
strain), sheep, and human hydatid cysts [19].
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METHOD
Bioinformatics Analysis
For the purpose of singling out the families of genes encoded members peptidase lin E.
granulosus, a thorough examination was conducted for these genes in the nucleus and
mitochondrial genomes of the parasite E. granulosus (sheep G1. examination was carried
out using bioinformation analyzes available in the databases of the National Center for
Biotechnology Information (NCBI). It included collectingal available sequences of these genes,
comparing them with each other, and scrutinizing them in order to determine the identity and
number of members of the subunits that make up the first peptidase in the E. granulosus parasite.
Echinococcus Granulosus Cell Culture
E. granulosus strain G1 cells were obtained as a gift from Dr. Sarmad AL-ASﬂ' and Dr. Ali AL-
Ali. The cells were routinely cultured in 25-cm? cell culture flasks (Corning) at a temperature of
37 °C in an atmosphere of 5% (v/v) CO2 in air in a medium consisting of RPMI 1640 culture
medium supplemented with 10% (v/v) mfoetal bovine serum (FBS, Life Technologies), 100
units rr“ penicillin/streptomycin and 4 mM L-glutamine. After trypsinization using trypsin-
EDTA, the number of viable cells was determined by staining the cells with Trypan blue dye and
then counting them using a hemocytometer. The cells were subcultured every three days.
Hydatid Collection
Hydatids were collected from human (20a_nd sheep (35) infected livers during the period from
November 2022 to January 2023. Human Hydatids were surgically removed from patients at Al-
Fayhaa Hospital in Basrah province. Thacontents of the hydatid cysts were separated under
ile conditions. The protoscolices and germinal layers were then kept at -20°C until needed.
Sheep livers infected with hydatids were obtained from Central Slaughterhouse in Basrah
province and in Thi-Qar (Fig. 1)

AlLS

> Urine Containes s,
™ Nuswmr 2y Lo e
Mt %
L Berm; Loy ew

:" L2F - 2 - res}

Figure 1. Hydatids are collected from sheep and humans. A represents the protoscolices of E.
granulosus and B represents the germinal layer. C represents human hydatids.
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DNA EXTRACTION

It is significant to pinpoint that all deoxyribonucleic acid (DNA) was extracted from cultured
germ cells of the G1 sheep strain and from the primary heads and germinal layer isolated from
human agggmale hydatid cysts using a DNA extraction kit prepared by Geneaid. It was operated
through following the manufacturer's steps for isolating DNA from tissues according to the
leaflet attached to the kit. The concentration of DNA extracted from samplesgfas estimated
using a Quantus TM fluorometer (Promega, USA). gDNA was maintained at —20°C until
needed.

Polymerase Chain Reaction

First, this technology was utilized to detect the presence and specification of (7) hydrophobic
dehydrogenase subunit proteins (NADI, NAD2, NAD3, NAD4, NADS, NAD6, and NAD4L) in
both DNA samples extracted from cultured germ cells of the Gl strain of sheep and DNA
samples extracted from the primary heads and germinal layer isolated from humans and sheep.
For adequate results, specialized primers were designed to target the proteins of the hydrophobic
subunits (NADI, NAD2, NAD3, NAD4, NADS, NAD6, and NAD4L) individually manipulating
the Primer3Plus program (Table ).

Second, these primers successfully enlarged on the seven subunit genes (NADI to NAD4L) with
lengths of 676, 633, 246, 780,899, 336, and 197 base pairs, respectively. Each PCR reaction was
of 25 pl of Promegﬂnaster mix, 7 pl of gDNA, and 14 pl of nuclease-free water. At 95 °C one
cycle was executed forgfiiye minutes, 40 cycles were performed at 95 °C for 30 seconds, at 55 °C
or 56°C (with NADS) for 30 seconds, at 72 °C for 30 seconds, with an extension step. Final ten
minutes at 72 °C. A 1.5% (wt/vol) agarose gel was employed to separate PCR production. These
products have been cleaned using the Promega cleaning system.

Table 1 Primers designed and used in the current study

Gene Ly 3 bp
NADI F | TTTGTTGCAGAGGTTTGCTG

R | ACGAACACGTGGTAATGTCG o7
NAD2 | F | GGTTGGCAATTGTTCCTTCA

R | TGCCCACACACACACTTATCT 033
NAD3 F | GTTTGAGTGGGGCAGTTCTT

R | TAAACCCAACACATACCC 240
NAD4 | F | TCCGTATTCTGAGCGGTTTT

R | AATGGAACCAATCCACCAAA 780
NADS F | GTCATTATTTCGGCGGTGAT 004
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R | ACCACCAATCCAGAACCAAA
NAD6 | F | TGTTGGTGGTGAATGCGTTA
R | CCCTCAAAACCAAAAATCCA 33
NAD4L | F | TTTTTAACTGTTGGGCGTTTTT 197
R | TCCAAACAAGAAGAACACTCTCA

DNA Sequencing and Bioinformatics Analysis

25 uL of purified PCR product of the study samples (2 from human and 1 cultured germ cells of
G1 strain from sheep), and (10) pL each of forward and reverse primers specifically designed for
each of the (7) hydrophobic subunits were sent to Macrogen Company in South Korea for
sequencing. The DNA of each sample was analyzed using the Genetic Analyzer device, then the
#quence alignment and phylogenetic tree were performed using the Mega X program.
Statistical Analysis

Statistical analysis was accomplished using SPSS (Statistical Package for Social Sciences) to
analyze the data in the current study, and the Chi-square test was applied.

RESULTS

Bioinformam Analysis

The results of the bioinformatics analysis of the mitochondrial genome (mt DNA) and the
nuclear DNA of the sheep strain (Gl) disclosed important genetic information, including its
possession of (21) subunits of peptidase I, and that most of these subunits are present in the
mitochondrial genome, as their number reached (15) subunits (71.43%), with the presence of 6
subunits (28.57). %) in the nucleus genome. Besides, it was made clear that all of these subunits
belong to the family of proton-pumping dehydrogenase enzymes, and the Echinococcus
granulosus parasite does not contain the family of non-proton-pumping dehydrogenases or
sodium-pumping enzymes. The results of the statistical analysis also brought to light that there
were significant differences between them (Figure 2).
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Figure 2. Percentage of subunit genes encoded to proton-pumping dehydrogenase enzymes in the nucleus
genomics and mitochondria of E. granulosus.

The Molecular Weights of NAD Hydrophobic Proteins

The results of the mass study of hydrophobic dehydrogenase proteins exhibited that members of
this group had low molecular weights that ranged from 9.9 to 60.2 kilodaltons (Table 2). The
highest molecular weight was (602 kDa) for the NADS subunit protein, and the lowest
molecular weight was (9.9 kDa) for the NAD4L subunit protein.

Table 2. Molecular Weights of Hydrophobic Subunit Proteins

Type Amino | Molecular
acids | weight(kDa)

NADI 297 335
NAD2 293 343
NAD3 115 136
NAD4 419 4777
NADS 532 60.2
NAD6 151 174
NADA4L 86 0.9

The Structural Model of NAD Hydrophobic Proteins

The results of the structural study of hydrophobic dehydrogenase proteins flashed that all
members of these subunits bear amino acids that are regular in the form of a-helix structures and
others regular in the form of loops or turns. However, these structures vary in number from one
unit to another (Figure 3). The highest number of helical (22) and toroidal (25) structures was in
NADS, and the lowest number of helical (3) and toroidal (4) structures was in NAD4L (Table 3).
The results also showed that most of the subunits (with the exception of the NAD4 and NADS
subunits) lack amino acids organized in the form of P-strand sheet. The contrary is that the
NAD4 and NADS subunits each have a pair of p sheet.
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Figure 3. Structural models of hydrophobic NAD proteins. The letters A to G represent NADI to
NAD4L.
Table 3. Structural components of hydrophobic subunit proteins.

Type o helix | [ Strand loop
NADI 14 - 15
NAD2 13 - 14
NAD3 4 - 5
NAD4 18 2 21
NADS 22 2 25
NAD6 5 - 6

NAD4L 3 - 4
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Besides, the results of the study declared the structure of the proteins of the hydrophobic units
despite the difference in the number of amino acids for each subunit, the percentage of helical
structures was similar in all subunits, ranging from 42.86 to 48.28%. Moreover, the cyclic
structures exhibited somewhat similar percentages among the seven hydrophobic units, as the
percentage ranged from 51.02 to 57.14.
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Figure 4. Percentage of o helix and strip structures and loops structures or turns in structural

models of hydrophobic units.

Detection of hydrophobic NAD Genes
The seven hydrophobic subunits of NADH genes were successfully amplified using PCR in the
germinal cells of the G1 strain and germinal layers and protoscolices of hydatids isolated from
human and sheep livers (Figure 5). In addition to this, our findings showed that these subunits,
NADI to NAD4I, were present in geminal cells and all protoscolices of examined samples (Table

4).
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Figure 5. Electrophoresis of PCR products of the seven hydrophobic subunits, A. in the cell
line of the G1 strain sheep. B. in hydatids isolated from sheep. C. in hydatids isolated from
human

Table 4. The hydrophobic NAD genes in cultured cells and in human and sheep hydatids.

Subunit | Cell line Sheep (35 hydatids) Human (20 hydatids)
Protoscolices | Germinal | Protoscolices | Germinal
layer layer
NADI + + + + +
NAD2 + + + + +
NAD3 + + + + +
NAD4 + + + + +
NADS + + + + +
NAD6 + + + + +
NAD4L + + + + +




Word Count — Words: 6300

+represents the presence of the subunit

DNA Sequencing analysis

Purified PCR products of protoscolices and germinal layers of human hydatids and cultured cells
(Sheep strain) were sequenced in both directions to each hydrophobic NAD gene using gene-
specific primers. In this field of study, the cultured cells of the G1 strain were also used as a
representative of the sequence of hydrophobic subunits in sheep hydatids. After merging and
editing DNA sequencing of each subunit, the sequence was examined against Blast search. The
NAD sequences of cultured cells were deposited in GenBank via the NCBI website. As can be
seen, all human hydatid sequences (germinal layers and protoscolices) had 100% identity with
each other’s. Thus, for each NAD subunit of human hydatids, the consensus sequence of
germinal layers and protoscolices w so deposited in GenBank. The accession numbers of the

current study samples are mentioned in (Table 5).

Table 5. Accession numbers of the present study samples.

Subunit Cultured cells Human hydatids
(Sheep strain) | Germinal layer | protoscolices
NADI PP116552.1 PP391477.1 PP391476.1
NAD2 PP116553.1 PP391479.1 PP391478.1
NAD3 PP116554.1 PP391481.1 PP391480.1
NAD4 PP116555.1 PP391483.1 PP391482.1
NADS PP116556.1 PP391485.1 PP391484.1
NAD6 PP116557.1 PP391487.1 PP391486.1
NAD4L PP116558.1 PP391489.1 PP391488.1

Phylogenetic Analysis

The evolutionary tree was built based on the amino acid sequence of the seven hydrophobic

subunit proteins of complex I of the current study samples and their counterparts in the G1, G6,
and G7 strains (Fig. 6). The analysis results of cultured cells (sheep strain) revealed that NADI to
NADA4L sequences were grouped with their counterparts in the NCBI reference Gl strain

(Australia) and were separated from other G6 and G7 strain (Fig.6A). Similarly, the phylogenetic
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analysis of human hydatid sequences (NADI to NAD4L) of either germinal layers or
protoscolices were also clustered with their counterparts in the NCBI reference Gl strain

(Australia) and were separated from other G6 and G7 strain (Fig.6B).
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Figure 6. The evolutionary tree of the current study samples was built based on the amino
acids of hydrophobic subunits in the present study samples and G1 (Australia), G6 (Iran),
and G7 (Argentina) strains that are chosen based on their available genome data. The A
letter represents cultured cells (sheep strain) while the B letter represents human hydatids.

In human hydatids, this study 1 is the consensus sequence from germinal layers while this study
2 is the consensus sequence from protoscolices). NCBI accession numbers are in (Table 6).

Table 6. NCBI accession numbers of hydrophobic NAD proteins used in the phylogenetic
tree.

NCBI accession numbers

Subunit Gl strain G6 strain G7 strain
(Australia) (Iran) (Argentina)
NADI YP_009688057.1 YP_009505042.1 YP_009505054.1
NAD2 YP_009688056.1 YP_009505041.1 YP_009505053.1
NAD3 YP_009688058.1 YP_009505043.1 YP_009505055.1
NAD4 YP_009688054.1 YP_009505039.1 YP_009505051.1
NADS YP_009688050.1 YP_009505035.1 YP_009505047.1

NADG6

YP_00968849.1

YP_009505046.1

YP_009505058.1
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NAD4L YP_009688053.1 YP_009505038.1 YP_009505050.1

Percent Identity

The percentage of identity between the hydrophobic NAD proteins of the current study samples
and their counterparts the reference Glstrain (Australia) was shown in (Table 7). The NADI to
NAD4L amino acids sequences of cultured germinal cells and human hydatids had 100%
identity within each other and with their counterparts in the reference Gl strain (Australia).

Moreover, no differences were noted in these proteins when their amino acids were lined up.

Table 7. The percent identity of hydrophobic NAD proteins of the percent samples with
NADs of NCBI G1 strain.

NCBI Reference | Sheep strain Human hydatids
. Glstrain . .

Subunit (Australia) Cultured Germinal layer | Protoscolices

’ cells (%) (%)

(%)

NADI | YP-009688057.1 100 100 100

NAD2 | YP-009688056.1 100 100 100

NAD3 | YP-009688058.1 100 100 100

NAD4 | YP-009688054.1 100 100 100

NADS | YP-009688050.1 100 100 100

NAD6 | YP-00968849.1 100 100 100

NAD4L | YP-009688053.1 100 100 100

DISCUSSION

First of all, it is of high significant to refer to the fact that the growth of the Echinococcus
granulosus parasite and its ability to continue to survive is reliant mainly on biological systems
for generating energy, as in other eukaryotic organisms, which use glucose as the main source of
energy and break it down through glycolysis, fermentation, or through mitochondrial pathways
associated with oxidative phosphorylation through the electron trangiprt chain [12]. Studying the
mt DNA genes of E. granulosus is essential since it is the source of useful genetic information to
discover the nature and extent of genetic diversity within Echinococcus granulosus,
distinguishing between very similar strains. Besides, it is so important because it works on
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identifying the most common strain, as well as understanding the causes of disease transmission
and development novice health treatments and vaccines to ¢ at echinococcosis.

Second, the NADH of mitochondria (Complex [) Complex [ (NA[m ubiquinone
oxidoreductase) is of the five largest known membrane protein complexmcomplexes [, 10,
II1, and 1V, V). It has a central role in energy generation [20]. It stimulates the first step of the
electron transfer mlin in mitochondria [21], and behaves as a membrane-bound proton pump
that pusl@® four protons across the membrane using the energy resulting from redox reactions
[22] and is a significant source for tkmroduction of reactive oxygen species (ROS) [23].
Besides, there are three families of proton-pumping non-proton-pumping, and sodium-pumping
NADH dehydrogenase enzymes [24]. There are no local or global studies on these families in the
Echinococcus granulosus parasite. Therefore, the current paper aims at characterizing and
verifying these families in the Gl strain of the Echinococcus granulosus parasite as well as
depicting the gBotype of hydrophobic dehydrogenase enzymes.

Furthermore, the results of the present study pinpointed that the genome of the Echinococcus
granulosus parasite contains 21 subunits. While previous studies stated that the number of
subunits in trypanosomatids reaches more than 60 subunits [25], while in Escherichia coli
bacteria, the Blmber reaches 13 subunits [26]. The results also brought to ligiﬁlat all of these
units belong to the family of proton-pumping NADH dehydrogenase enzymes. This is consistent
with the previous study that evidenced the existence of the proton-pumping NADH
dehydrogenase family in real bacteria and the vast majority of eukaryotic organisms with the
exception of S.cerevisica [27]. Results confirmed their lack of the unpleasant hydrogen disputers
family that was found in the true bacteria, the elderly sortie, yeasts, innate, and plants [28,29]. It
also lackgghe family of sodium-pumping dehydrogenase enzymes that have been found in many
bacteria, including many marine species and in some known types of haan pathogens [30,31].
The results also strengthened the fact that all subunits are distributed between the nuclear and
mitochondrial genomes, as the nuclear genome has 6 subunits (28.57%), while the mitochondrial
genome has 15 subunits (71.43%).

Likewise, these results are consistent with previous studies that disclosed the first bacterial

complex, NAD-1, possesses 14 subunits in the plasma membrane [32] and the presence of all of
these subunits in the first complex of eukaryotic organisms [33]. There are more than 30
additional subunits of complex I in eukaryotes, which led to an increase in its Elecular mass
from 550 KDa to 1000 KDa [34]. The numerous additional suanits come out to be a special
feature of mitochondrial complex I, and are all nuclear encoded. It has been speculated that these
subunits form a scaffold around the 14 sgbunits, and prevent high-energy electrons

escaping from the complex, and thus hinder the formation of reactive oxygen specigs [35]. The

exact roles of most of these subunits are unknown, but some of them have a role in stabilizing
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the complex and regulating its activity and assembly [34]. In this study, it is practicable that the

six additional subunits of the parasite Echinococcus granulosus have a role in assembling and

stabilizing the first complex too.

Also, proteins are large, complex molecules (polymers) consisting of monomer structural units
consisting of an amine group (NH2-) representing one end of the protein and a carboxyl group
(COOH- representing the other end). They are organized in the form of a long chain of amino
acids. Each protein has four distinct levels of protein structure, which are primary, and
secondary, tertiary and fourth. Polypeptide chains are folded and bent in the form of helical
structures, which are the most common, and in the form of stripe structures, loops structures, or
turns, which are the least common. Th structures give the protein stability and give it a
functional three-dimensional shape [36]. This is consistent with the results we reached from the
structural study of hydrophobic dehydrogenase proteins. All members of these subunits contain
amino acids that are organized in the form of a-helical structures and others regular in the form
of loops or turns. These structures were more numerous in the NAD4 subunit (18 helical
structures), and 21 loops structures (and in the NADS subunit, there are 22 helical structures and
25 loops structures). As for the stripe structures, they were detected only in the subunit, NAD4
and NADS, with an average of two pairs of stripe structures in each subunit.

Additionally, the results of the mass of hydrophobic proteins (NADI, NAD2, NAD3, NAD4,
NADS, NADG6, and NAD4L) analysis highlighted that the total molecular weights reached (216.6
kDa), which are (33.5,34.3, 13.6,47.7,60.2, 174, and 9.9) kDa, respectively, which range from
the highest molecular weight (60.2 kDa) for the NADS subunit protein and the lowest molecular
weight (9.9 kDa) for the NADA4L subunit protein. These results are harmonious with the results
of previous studies in that they are close in molecular weight and that the NADS subunit has the
highest molecular weight and the NAD4L subunit has the lowest molecular weight (including a
previous study of the proteins of bovine mitochondrial complex I (NADI, NAD2, NAD3, NAD4,
NADS, and NAD4L) except for NADG).

It revealed that the molecular weights are (35.6, 39.2, 13.0, 52.0, 68.2, and 10.7) kDa,
respectively, and the total is (218.7 kDa), and that the highest molecular weight (68.2 kDa) is for
the NADS subunit protein, and the lowest molecular weight is (10.7 kDa). ) of the NAD4L
subunit protein (25).It also was in harmony with a previous study that depicted that the molecular
weights of the proteins of complex I of T. thermophilus bacteria (NADI, NAD2, NAD3, NAD4,
NADS, NADG6, and NAD4L) are (41.0, 449, 13.1, 494, 65.2, 184, and 10.0) and the total is
(242.5 kDa). The highest molecular weight (65.2 kDa) is for the NADS subunit protein and the
lowest molecular weight (10.0 kDa) is for the NAD4L subunit protein [37].
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The results also displayed a difference in the number of amino acids for the hydrophobic subunit
proteins, ranging from the largest number (538 amino acids) is for the NADS subunit protein and
the smallest number (68 amino acids) is for the NAD4L subunit protein. Also, the results of the
study unveiled the structure of the proteins of the hydrophobic units despite the difference in the
numbers of amino acids for each subunit, the percentage of helical structures was similar in all
subunits, ranging from 42 .86 to 48.28%. The cyclic structures demonstrated similar percentages,
as the percentage ranged from 51.02 to 57.14%, while for the ribbon structures, the percentage
ranged between 4.88% in the NAD4 subunit and 4.08% in the NADS subunit, and the percentage
was 0% in the other subunits because they lack stripe structures.

It is significant to disclose that such convergence in the percentages of these structures in all
hydrophobic subunits gives stability to the proteins of the hydrophobic units, and the NAD4 and
NADS subunits are more stable than the other subunits. It is so because they possess three types
of helical, turns, and loops structures, and also possess the largest number of amino acids, and
thus have molecular high weight. It is possible that the stability of the protein enlarges with
increasing molecum weight. The subunits are divided into 7 hydrophilic subunits within the
periplasmic arm, encoded by the nuclear genome, and 7 hydrophobic subunits within the
transmembrane arm, which in most eukaryotes (cattle, Arabidopsis thaliana, and trypanosomes )
are encoded by mitochondrial genome [33, 38-40]. Similarly, in E. granulosus, the hydrophobic
dehydrogenases were present in the mitochondrial genome of geminal cells, protoscolices, and
germinal layers.

This study was identified by Bioinformatics and PCR, the seven NAD hydrophobic genes. While
in a previous study, AL-Asadi et al. (2022) fully made a description of the NADI subunit
proteins only from the hydrophobic subunits of samples isolated from human liver. Most
previous studies have focused on the NADI, NAD2, or NADS subunits in distinguishing between
E. granulosus. strains. In the future, it is likely that these other sequences of the 7 hydrophobic
subunit proteins (NAD3, NAD4, NADG, and NAD4L) will be used to distinguish at the
molecular level between the very similar G1 and G3 strains [19].

The results of this study also brought to light that the interpretation of the amino acids of the
subunit proteins of both the cell line and samples isolated from humans revealed that they are
completely and 100% identical when compared with their counterparts from the G1 (reference)
sheep strain, whose hydrophobic subunits were neutralized in this study based on genome data.
Available. The genotypes of E. granulosus sensu lato are of great variation in their host
selectivity and pathogenicity [41].

It was recently comprehended that the hydatid cyst parasitegg@lominates eight strains (G1-G10)
divided on the molecular basis of NADI1 genes [19]. The g&notypes were determined as G1
(sheep strain), G6 (camel strain), G5 (cattle strain), G4 (horse strain), G3 (buffalo strain), G2
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(Tasmanian) G7 (pig strain) G9 (variant pig strain), G8 (American cervid strain) and G10

(Fennoscandian cervid strain) [42].

It is viable that these 7 hydrophobic subunits of complex I of the Echinococcus granulosus
parasite are similar in number to their counterparts in these strains but may differ in their amino
acid arrangement. Therefore, the results of the analysis of the evolutionary tree of the subunits of
the samples of the current study, which were built on the basis of amino acids, when compared
with their counterparts of the subunits in the G1, G6, and G7 strains, demonstrated that all the
samples belong to the G1 strain. Besides, it was found that the G6 and G7 strains were identified
with their hydrophobic subunits, also based on the subunits identified for the G1 strain in the
current studgf)In Basrah and Thi-Qar, G1 is the most common strain that infects human, sheep,
and cattle (AL-Asadi et al., 2021; Al-Asadi et al., 2022). This was conent with our findings
based on all hydrophobic subunits (NADI-NAD4L). The G1 strain is responsible for most
human cases of echinococcosis worldwide and is the familiar type in the Middle East [43,44].

CONCLUSIONS

Echinococcus granulosus has 21 proton pump subunits. These subunits are from a Proton pump
NADH dehydrogenase family. The hydrophobic parts (NADI to NAD4L) were detected in the
protoscolices and germinal layers of hydatids. NADI to NAD4L were also present in cultured
geminal cells. These subunits were shared 100% identity with their counterparts in the G1 sheep
strain (identified from genomes in this study). Most of the structural complexes of these
hydrophobic subunits do not contain stranatructures. Proton pump NADH dehydrogenase can
be employed to diagnose the very similar G1 and G3 strains. Totally, this study introduces for
the first time more details about NAD subunits in hydatids isolated from different intermediated
hosts.
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