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ABSTRACT

Human schistosomiasis is a primary tropical disease caused by the larvae of a blood
fluke parasite called schistosome. Different species of schistosomes are responsible
for various types of schistosomiasis but most of the burden of the disease is
attributed to the species Schistosoma mansoni. The outcome of S. mansoni infection
includes damage to vital organs such as the intestine, spleen, bladder, lungs and
liver. If left untreated it can also lead to weight loss and growth retardation in
children, higher risk of anaemia, infertility, and increase susceptibility to HIV and in
extreme cases, cancer. Till date, the frontline drug for the treatment of
schistosomiasis is praziquantel which has various limitations and of late, drug
resistance. The limitations of this first line drug has made it necessary for alternative
interventions for combating the disease in terms of novel drugs and vaccines
discovery and development, as well as the design of specific diagnostic tools for
early diagnosis.

The genome of S. mansoni has been predicted to encode different stress proteins
including the Universal Stress Protein (USP). It has been previously hypothesized
that the USP of schistosome parasites have shared protein sequence features which
can be wuseful for inferring their biochemical and environmental regulation.
Interestingly, proteins that have such shared features can be very useful targets for
disease intervention. Universal stress proteins (USPs) act as natural biological
defence mechanisms in living organisms. They are overexpressed in stress
conditions and assist in overcoming stressors through various mechanisms. USPs
has been predicted to play a role in host invasion by pathogens such as
Mycobacterium, Salmonella and Klebsiella; thus may be useful in the treatment of

various pathogenic



diseases. The aim of this study is to characterize a novel Schistosoma mansoni
universal stress protein G4LZI3, which has been hypothesized as a druggable target,
as well as a vaccine candidate against the parasite in humans. Bioinformatics
analysis of the G4LZI3 gene sequence was done to predict structural information
about the protein which served as a guide towards the choice of conditions for
further experimental procedure. These experimental procedures were used to
determine the purity, the actual molecular weight, secondary structure element and
thermostability of the protein. More so, the characterization of the expressed G4LZI3
protein reveals the secondary structural elements of the proteins and above all, a
considerable amount of the recombinant protein could be expressed in bacteria and
adequately purified. The results showed the possible amenability of the protein to
structural determination either by heteronuclear NMR spectroscopy or X-ray
crystallography which is vital towards the ultimate goal of developing a new

alternative but efficient drug against schistosomiasis.
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a. Amino acids - one and three letter codes:

Name of amino acid
Alanine

Arginine

Asparagine

Aspartic acid
Asparagine or aspartic acid
Cysteine

Glutamic acid
Glutamic acid
Glutamine or glutamic acid
Glycine

Histidine

Isoleucine

Leucine

Lysine

Methionine
Phenylalanine
Proline

Serine

Threonine
Tryptophan

Tyrosine

Valine

Code (three letter)

Ala
Arg
Asn
Asp
AXxp
Cys
Glu
GIn
GlIx
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr

Val
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Code (one letter)
A

R

N O



b. Abbreviations and their meaning:

Acronyms Meaning

® Registered sign

B Beta

A Alpha

M Micro

~ Approximately

C Degrees Celsius

Mg Microgram(s)

Mi Microliter(s)

Mm Micromolar

™ Trade mark sign

A Absorbance

Asgs Absorbance at 595 nm
Azso Absorbance at 280 nm
AA Amino acid

Abs Absorbance

APS Ammonium persulphate
BamHI Bacillus amyloliquefaciens, strain H, I*' enzyme
Bp Base pair

BLAST Basic local alignment search tool
BSA Bovine Serum Albumin
C Carbon atom

CD Circular dichroism
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cDNA
Camp
Cosy
CV
Da
DSC
DTT
E.coli
EDTA

FTIR

g

g

Hindlll
His6
HSP
Hz
MHz
IPTG
IMAC
Kb

kDa

LB

LC-MS

Complementary deoxyribonucleic acid
Cyclic Adenosine monophosphate
correlation spectroscopy

Column volume

Dalton

Differential scanning calorimetry
Dithiothreitol

Escherichia coli
Ethylenediaminetetra acetic acid
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General stock solutions, buffers and media based on experimental

procedures

Agarose gel electrophoresis reagents and buffers

Ethidium Bromide: 10 mg/ml stock solution was prepared in water, and kept in a

dark bottle at 4 °C.

10X TAE: 48.4 g Tris was dissolved in 600 ml of water, 20 ml of 0.5 M EDTA pH 8.0
and 11.44 ml glacial acetic acid was added, volume was made up to 1 L with

deionized water.
1X TAE: 10 x TAE diluted 10 folds prior to use.

0.5 M EDTA: 186.1 g of EDTA was dissolved in 800 ml of deionized water, the pH

was adjusted to 8.0 with NaOH and volume made up to 1 L.
Preparation of competent cells, transformation

Ampicillin: 100 mg/ml stock solution was made in deionised water and solution was

filter-sterilized with a 0.22-micron filter, it was aliquoted and kept at -20 °C.

LB agar plate: 10 g Tryptone powder, 5 g Yeast extract, 5 g NaCl and 14 g
bacteriological agar was dissolved in 1 L distilled water and autoclaved. It was left to

cool, I ml ampicillin was added and then aseptically poured into petri dishes.

LB broth: 10 g Tryptone powder, 5 g Yeast extract, 5 g NaCl was dissolved in 1 L of

distilled water and autoclaved.

0.1 M MgClj,: 10.16 g of MgCl, was dissolved in 500 ml of distilled water.
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0.1 M CaCl2: 2.94 g CaCl,was dissolved in 500 ml of distilled water.

30 % glycerol stock: 30 ml of 100 % glycerol was mixed with 70 ml of distilled

water.

Protein expression

2X YT: 16 g tryptone, 10 g yeast and 5 g NaCl was dissolved in 1 L of distilled water
and autoclaved. It was allowed to cool and 4 g glucose of glucose was added to

supplement the media after the addition of 1 ml ampicillin.

1 MIPTG: 2.38 g of IPTG was dissolved in 8 ml of distilled H,O, solution was made
up to a final volume of 10 ml with distilled water. It was filter sterilized with a 0.22 u

syringe filter and stored as 1 ml aliquots at -20 °C.

PBS: 8g NaCl, 0.2 g KClI, 1.44 g Na,HPO,4 and 0.24 g KH,PO4 was dissolved in 800
ml of distilled water, the pH was adjusted to 7.4 with HCI and solution was made up

to 1 L and then sterilized by autoclaving.

SDS Polyacrylamide gel electrophoresis

2X SDS PAGE Sample Buffer: This was prepared with 10 % SDS, 1 M Tris-HCI pH
6.8, 2 ml Glycerol, 500 pl Bromophenol Blue, 2.5 ml 100 mM DTT made up to 10 ml

with distilled water. The buffer was kept at room temperature.

10 % SDS: 10 g of SDS was dissolved in 80 ml of deionized water and then made

up to 100 ml.

5X SDS-PAGE Electrophoresis running buffer: 25 mM Tris-HCI, 0.1 % SDS and
250 mM Glycine pH 8.3. The buffer was kept at room temperature and diluted 5-

times when needed.
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Ammonium Persulphate: 10 % stock solution of this was made in deionised water

and solution was kept at 4 °C.

Coomassie Staining Solution: This was constituted with 0.25 g Coomassie Blue R-

250, 40 % methanol and 10 % acetic acid in 2 L of deionised water.

Destaining Solution: This was prepared with 10 % (v/v) acetic acid and 40 %

methanol (v/v).

Separating Buffer: 1.5 M Tris-HCI was adjusted to pH 8.8 with HCI. The buffer was

stored at 4 °C.

Stacking Buffer: 0.5 M Tris-HCI was adjusted to pH 6.8 with HCI. The buffer was

stored at 4 °C.
Cell extraction and purification

1 M imidazole: 68.077 g of imidazole was dissolved in 1 L of deionized water and

solution was kept at 4 C.

1 M NacCl: 58.44 g of NaCl was dissolved in 1 L of deionized water and solution was

kept at room temperature.

1 M Tris: 121.14 g of Tris powder was dissolved in 800 ml ddH,0, pH was adjusted

to 8.0 Solution was made up to 1 L, autoclaved and kept at room temperature.

10 mM PMSF: 0.0174 g of PMSF was dissolved in 10 ml isopropanol, it was

aliquoted and stored at -20 C.

100 pg/ml Lysozyme: 10 g was dissolved in 100 ml of ddH.0, it was aliquoted into

1.5 ml Eppendorf tubes and kept at 4 C.
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Cell lysis buffer: This was made up of 100 pg/ml lysozyme, 10 mM PMSF, 50 mM

Tris-HCI, 100 mM NaCl, 10 mM imidazole and kept at 4 C.

1 M DTT: 1.5 g was dissolved in 8 ml of deionized water, volume was made up to 10

ml and then aliquoted into 1.5 ml Eppendorf tubes and stored at -20 "C.

10 % NaNjz: 10 g was dissolved in 100 ml of deionized water and stored at room

temperature.

Buffer A (equilibration and wash buffer): This was made with 50 mM Tris pH 8.0
and 40 mM imidazole. Solution was stored at 4 'C.

Buffer B: This was made with 50 mM Tris pH 8.0, 300 mM imidazole. Solution was
stored at 4 C.

Protein concentration determination (Bradford assay)

Coomassie®protein assay reagent: 1:4 dilutions were made by mixing one-part
reagent in 4-part deionized water.

BSA: 2 mg/ml stock solution was made by dissolving 0.02 g of BSA powder in 10 ml
of deionized water.

Bacterial strains used

E. coli IM109 cells (Promega)

Genotype: F traD36 proA'B” lacl? A(lacZ)M15/ A(lac-proAB) ginV44 el4d gyrA96

recAl relAl endAl thi hsdR17
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CHAPTER ONE

GENERAL INTRODUCTION AND LITERATURE REVIEW



1.1 Background of study

Schistosomiasis is a disease caused by helminthic blood-dwelling parasitic worms
belonging to the genus Schistosoma (Chitsulo et al., 2000). It was first described by
Theodore Maximillian Bilharz, a German pathologist. After performing autopsies on
diseased Egyptian patients in 1851, he discovered the schistosome worms in the
portal system as well as in the bladder. He described the schistosomal eggs with
their unusual pointy terminal projection. This prime tropical disease was named
bilharziasis after him (Chitsulo et al., 2000; Coon, 2005). Schistosomiasis is an old
disease of human which poses boundless economic and public health threats to
various countries of the world. Although the global distribution of the disease has
changed over many decades due to various successful control and eradication
projects, the disease persists and is still endemic in many countries most especially
the sub-Sahara Africa (Chitsulo et al., 2000; Engels et al., 2002; Madinga et al.,
2015; Bawa et al., 2016). The impact of human schistosomiasis in the sub-Sahara

Africa is presented in more detail in chapter two of this thesis.

1.2 Pathology and Morbidity of Schistosomiasis
This parasitic infection has two distinct immunological phases with different
symptomatic presentations referred to as acute and chronic schistosomiasis (Caldas

et al., 2008; Olveda et al., 2013).

1.2.1 Acute schistosomiasis
Acute schistosomiasis otherwise called Katayama fever is presented as an early
symptom of infection by parasitic schistosomes in people without immunity who are

exposed to cercariae infested water in endemic areas.



The early manifestation of the infection includes a temporary urticarial rash that
could persist for many days especially after primary infection as is seen in migrants
and tourists. A febrile stage associated with abdominal/pulmonary symptoms, which
may develop within 2-10 weeks of infection, also characterizes the Katayama fever.
The symptoms of acute schistosomiasis are suggested to be an outcome of allergic
responses to antigens released at the time of larval migration and early oviposition.
Symptoms of this condition are often mild and may sometimes be unnoticed. These
symptoms include fever, anorexia, diarrhoea as well as arthralgia along with
eosinophilia and leucocytosis (Bottieau et al., 2006; Caldas et al., 2008).
Immunological disorders are usually established at the initial phase of schistosomal
infections. More so, neurological symptoms are seen in some people infected with
the disease. The disease does not have a specific treatment but steroids are
administered to alleviate symptoms. Animal studies had shown that artemisinin
derivatives could prove effective in the early stage of the disease and could be

beneficial for treatment (Hatz, 2005).

The Katayama fever is common among expatriates and tourists who are unaware of
the dangers of being infected by schistosomiasis parasites in the pools and other
water bodies they come into contact with during recreational activities. Majority of
cases of the disease recorded at the Western travel clinics were brought in from
African countries. Widely known sources of infection in sub-Saharan Africa include
Lake Malawi, Lake Volta, Lake Victoria, Niger and Zambezi deltas as well as from

lakes in South Africa (Jelinek et al., 1996).



1.2.2 Chronic schistosomiasis

At the chronic phase, mature schistosome infection are related with severe local
inflammatory responses to parasite eggs entrapped inside the tissues of the infected
person, leading to chronic morbidity, inflammation of some organs, obstructive
diseases, and tissue fibrosis (Olveda et al., 2013). The chronic forms of

schistosomiasis are discussed below.

1.2.2.1 Intestinal schistosomiasis

Intestinal schistosomiasis is caused by Schistosoma mansoni. Eggs of schistosomes
moving across the walls of the human intestine instigate pseudopolyposis, tumours
of the mucous membrane, microulceration and superficial bleeding. Symptoms of the
intestinal schistosomiasis include severe or intermittent abdominal ache and
distress, diarrhoea with or without blood and loss of appetite. The features
mentioned cannot be ascribed unambiguously to schistosome infection in individuals
with multiple infections as is seen in places with high endemicity (Montes et al.,
2004; Gryseels et al., 2006). Schistosomal appendicitis is a rare condition in some
communities with a prevalence of 0.02 % - 6.30 % representing 28.60 % of the

appendicitis occurrence in endemic regions (Elbaz and Esmat, 2013).

1.2.2.2 Hepatic schistosomiasis

Hepatic schistosomiasis, otherwise called schistosomal hepatopathy, is a very
rampant type of chronic disease resulting from infection by S. mansoni. It is an
outcome of the host granulomatous cell-mediated immune reaction to the parasites’
soluble egg antigen, which advances to the irreversible periportal fibrosis and

eventually causing severe portal hypertension.



The fibrotic portal pipe resulting from the hepatic schistosomal infection resembles
clay pipe stems passed through the liver and it is referred to as a Symmers’ pipe
portal fibrosis. Advanced stages of the disease have presentations such as muscle
wasting, hypoalbuminemia, ascites as well as coma (Chevillard et al., 2003; Elbaz

and Esmat, 2013).

1.2.2.3 Urinary schistosomiasis

Schistosoma haematobium is responsible for urinary schistosomiasis which is
endemic in several regions of the world, but more in the sub-Saharan African
nations. An estimate of about 436 million persons are in danger of being infected
with urinary schistosomiasis in this region (Deribe et al., 2011). Early symptoms are
dysuria, pollakisuria and most importantly haematuria. Later symptoms include
proteinuria, calcification of the bladder, uretic obstruction, bacterial infection of the
patient’s urinary tract, hydronephrosis, as well as renal failure. Structural aberrations
of the urinary tract might be found in infected children (Gryseels et al., 2006; Gray et
al.,, 2011). In endemic areas, haematuria is the first signal of schistosomiasis in
young children of age range 5-10 years but unfortunately it is usually mistaken to be
the onset of menstruation in young girls and beginning of puberty in boys. In extreme
cases of infection, the urine can be completely dark in colour. Medical surveillance
and post-mortem examinations show that several individuals, especially aged
patients, die due to kidney damage caused by schistosomal infection (Gryseels et
al., 2006).

1.2.2.4 Female genital schistosomiasis

Eggs of S. mansoni and S. haematobium can be entrapped in the genital tracts of

females causing female genital schistosomiasis (FGS) which is accompanied by



genital itches, pelvic discomfort, spot bleeding, and pain during sex, abnormal
vaginal discharges, increased frequency of urination and involuntary discharge of
urine. Cases of increased abortion, ectopic pregnancy and infertility have also been
reported in women infected with the disease. The peripheral blood mononuclear cells
in women infected with S. mansoni expressed higher HIV co-receptors, an indication
that the wounds around the parasites’ eggs deposited in genital mucous membrane

is a good access point for the HIV virus (Kjetland et al., 2012).

1.3 Schistosomiasis and co-infection

Schistosomiasis opens the door to other opportunistic infections and devastating
health conditions. Schistosomiasis is one of the major sources of pulmonary
hypertension globally particularly in regions that has high prevalence of
schistosomiasis (Schwart et al., 2000; Lapa et al., 2009). In sub-Saharan Africa S.
haematobium is a significant source of serious urinary tract diseases and dysuria. An
estimated 18 million people undergo pains resulting from bladder wall pathology and
10 million people endure hydronephrosis due to infection by the schistosome species

(van Der Werf et al., 2003).

There is an established association between inflammation caused by schistosome
infection and bladder squamous carcinoma especially in the Middle East and Africa.
The International Agency for Cancer Research classfied S. haematobium as a
carcinogen. Schistosoma mansoni and S. japonicum are linked to the colorectal, liver

and cervical carcinomas (Samaras et al., 2010; De Martel et al., 2012).

Accumulation of schistosome eggs in the bladder instigates extreme inflammatory
responses which are associated with the discharge of oxygen-derived free radicals,

which help in the generation of carcinogenic N-nitrosamines, and eventually



malignant transformation. The formation of N-nitrosamine might also be related to
protracted bacterial infection in the urinary bladder caused by Schistosoma infection

(Zaghloul, 2012).

Urogenital schistosomiasis is an important agent for the transmission of Human
Immunodeficiency Virus. The occurrence of this form of schistosomiasis in HIV
positive patients increases the chances of transmission to their sexual partners.
Additionally, it hastens the advancement of HIV in persons who already have HIV
through the rapid increase in the viral load (Feldmeier et al., 1994; Mbabazi et al.,
2011). Several studies indicate that there is a higher progress of liver fibrosis in
individuals co-infected with schistosomiasis and hepatitis-C virus compared with
cases of single infection. This eventually leads to progressive liver diseases

(Angelico et al., 1997; Halim et al., 1999; ElI-Awady et al., 2006).

Studies have shown that schistosomiasis can cause greater risk of anaemia, delay in
growth, lethargy, faintness, diminishing of memory and mental reasoning in children.
These negative outcomes of the disease lead to very low academic performance,
thereby restraining the future prospects of such children (Gray et al., 2011; Butler et
al., 2012), hence further adding to the socioeconomic problem (Butler et al., 2012).
Several studies established a link between anaemia and the three main species of
schistosomes afflicting humans (Ajanga et al., 2006; Koukounari et al., 2006;
Mahgoub et al., 2009). Various mechanisms have been proposed to explain how
schistosome infections lead to anaemia in humans. Anaemia might result due to
blood loss during the movement of S. mansoni eggs through the human intestinal
wall. It was also suggested that autoimmune haemolysis leading to decreased
lifespan of red blood cells could be responsible for anaemia in schistosomal

infections. High levels of proinflammatory cytokines in the serum due to infection



have also been proposed as likely mechanism for occurrence of anaemia. The pro-
inflammatory cytokines lead to loss of appetite (anorexia) and thus a reduced intake

of micronutrients needed for blood formation (Friedman et al., 2005).

1.4 Schistosomiasis and pregnancy

Numerous researches on animal models as well as human subjects showed
negative effects of Schistosoma infections on pregnancy outcomes. Schistosoma
haematobium has been associated with inflammation of the placental leading to poor
birth-outcome caused by placental incompetency. Substantial S. mansoni infection
causes a higher threat of anaemia subsequently leading to maternal death or low
birth weight offspring. The anaemia might be caused by loss of iron into excretory
products. Pro-inflammatory cytokines ensuing from schistosomiasis infection cause

anorexia in expectant women leading to reduced weight gain (Friedman et al., 2007).

1.5 Diagnosis of schistosomiasis

Examination of stool and urine with a microscope is commonly used for identifying
schistosomiasis. The eggs are easy to identify on microscope because of their
unusual size and shape and presence of a terminal spine. It is necessary to wait two
months after freshwater contact before checking for the eggs because infected
patients require that period to start producing eggs (Gryseels et al., 2006; Gray et al.,

2011).

The Kato-Katz parasitological technique is highly recommended for the diagnosis of
schistosome infection due to it being quantitative, economical, and simple, but the
sensitivity of this technique decreases with low intensity and prevalence of the

disease. These methods are not very efficient in regions of low endemicity, in post-



treatment circumstances and in control of transmission (Rabello et al., 2002; Pontes
et al., 2003). The Kato-katz method or the faecal thick smears are usually used on
the field because they enable quantification of the infection by egg counts which is

usually expressed as per gram faeces (Gryseels et al., 2006).

Antibody-based assays are perfectly sensitive but do not have the ability to make a
distinction between past and current infections. This method is also relatively non-
specific and liable to cross-reactions with other antigens. Additionally, the intensity of
the infection is not revealed in antibody titres (Rollinson et al., 2013). Antigen-based
assays are highly specific but relatively insensitive (Pontes et al., 2003). They are
however very relevant in the diagnosis of migrants, travellers and other people
occasionally exposed to infection (Bottieau et al., 2006). These assays are also
important for incidence studies in children and in post-control or low transmission

settings (Gryseels et al., 2006).

The use of a dipstick for diagnosis of schistosome infection in the circulating anodic
antigen (CAA) and circulating cathodic antigen (CCA) present in the blood or urine of
infected persons is also available (Rollinson et al., 2013). This method however, is
not sensitive to light infections and is therefore not very useful for clinical diagnosis
(Coulibaly et al.,, 2013). It is however a specific, stable and direct method for
measurement of worm burdens thus making it an important research tool for

therapeutic and epidemiological studies (Gryseels et al., 2006).

Cystoscopy and endoscopy are used to visualise bladder lesions and oesophageal
varices in hospital settings. Laparoscopy and wedge bioscopy are useful for
revealing the macroscopic and histological appearance of periportal fibrosis or

granulomatous inflammation (Hayashi et al., 2000; Gryseels et al., 2006). Computed



tomography scan as well as MRI scan of the brain and spinal cord are also important
for the detailed visualization of lesion, especially for neuroschistosomiasis. In
patients with acute schistosomiasis, it is necessary to carry-out an abdominal and

pelvis CT scan as well as chest radiograph (Jenkins-Holick and Kaul, 2013).

A specific and highly sensitive polymerase chain reaction assay has been
discovered to test for schistosoma DNA in faeces or blood at all stages of clinical
disease including Katayama fever (Gray et al., 2011). The PCR assay requires
further standardization before it can be used for routine diagnosis. Application of
PCR assay requires high-tech laboratory infrastructure and a careful handling of
samples, kits, and equipment. At the moment it has limited broad-scale field

applicability (Rollinson et al., 2013).

1.6 Preventive chemotherapy for schistosomiasis and its
associated drawback

1.6.1 Artemisinin derivatives
Artemisinin derivatives are antimalaria agents with an anti-schistosomal action.

Details are presented in the publication in Chapter Two of this thesis.

1.6.2 Oxamniquine

Oxamniquine (1,2,3,4-Tetrahydro-2-[(isopropylamino)methyl]-7-nitro-6-

quinolinemethanol) is effective for killing S. mansoni worms but has no effect on S.
haematobium. Three oral ingestion each of 20 mg/kg of the drug are required for a
cure rate of 80-90 %, this percentage cure rate is influenced by geographic region. It
is considered that this drug experiences esterification by a sulfotransferase in
sensitive Schistosomal parasites, the ester formed dissociates and give rise to an

electrophilic reactant with the capability of alkylating the parasite DNA leading to
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inhibition of the synthesis of both DNA and RNA. Resistance to this drug has
emerged probably as a result of mutation in the parasite gene encoding the
esterifying enzyme (Berge et al., 2011; El Ridi and Tallima, 2013) The drawback of
this drug includes its severe side effects, high cost and not being commercially
available in some countries, thus making the drug out of reach of the poor (Berge et

al., 2011).

1.6.3 Praziquantel

Randomised controlled trials established that praziquantel (C19H24N20>), is a safe
oral drug for the cure of schistosomiasis triggered by the numerous schistosome
species (Doenhoff et al., 2008; Doenhoff et al., 2009). Details are presented in

Chapter Two.

Fig 1.1: The chemical structure of Artemisinin. An antimalarial with anti-schistosomal properties.
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Fig 1.2: The chemical structure of oxamniquine (C15H2205). A drug effective against the

schistosomal worm.

O

Fig 1.3: The chemical structure of praziquantel (C19H,4N>05,). Currently the most effective drug

against all forms of schistosomiasis.
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1.7 Mechanism of action of Praziquantel

Despite the fact that praziquantel has been administered in humans for the treatment
of various human parasitic diseases including schistosomiasis for more than twenty
years, its exact mode of action is yet to be precisely clarified. However, as shown in
Fig. 1.4, it has been proposed that praziquantel interrupt calcium ions homeostasis in
adult schistosome worms (Aragon et al., 2009). It has been demonstrated that as
soon as adult male Schistosoma mansoni get in contact with praziquantel in vitro,
the worm experiences an extreme muscular paralysis along with swift flow of calcium
ions, a reduced flow of sodium ions and a slower flow of potassium ions leading to a
disturbance of inorganic ion homeostasis in the worm (Aragon et al., 2009). The drug
has also been reported to cause rapid disruption of the worm tegument resulting in
the uncovering of antigens on the schistosome parasite surface; this was also linked
to the interruption of the calcium ion homeostasis (Redman et al.,, 1996). This
structural disorder in the schistosome leads to a detachment of the worm from the

human intestine (Aragon et al., 2009).
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Fig. 1.4 Structure of the body wall of S. mansoni showing the likely sites of action of
praziquantel and mechanisms of ca* transport into and out of the tegument. (Figure taken from
Martin, 1997). 1: voltage-activated Ca®* channel. 2: Intracellular messenger activated Ca** channel. 3:
Extracellular receptor operated Ca®* channel. 4: Non-selective cation channel also allowing entry of
Cca”. 5: Na'/Ca® exchanger. 6: Ca®* ATPase pumping out Ca®*. 7: Intrategumental Ca" buffers. 8:
IP; releasable store from the sarcoplasmic reticulum. 9: Ca*-induced Ca*" release channel (CICR
channel). 10: ca* ATPase pump: sarcoplasmic endoplasmic reticulum ca* (SERCA). 11: Electrical
junction between muscle cell and tegument. 12: Electrical junctions between muscle cells. If
praziquantel acts like caffeine it would act on site 9.
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1.8 Resistance of praziquantel, inability to prevent re-infection and

need for alternative interventions

Various studies have revealed the resistance of schistosomes to treatment with
praziquantel in various geographical foci (Fallon et al., 1996; Doenhoff et al., 2002;
Fenwick and Webster, 2009; Melman et al., 2009). Melman and co-workers (2009)
established the existence of the Kenyan isolate of S. mansoni from an individual who
never got healed from schistosomiasis despite repeated treatment with praziquantel
(Melman et al., 2009). Furthermore, Ismail and co-workers (1999) in Egypt studied
twelve isolates of schistosome parasite from patients who remained uncured after
chemotherapy; they established that these isolates were not responsive to treatment
with praziquantel (Ismail et al., 1999). Also, Fallon and co-workers (1996) studied
schistosome isolates from Senegal, and discovered that the isolates had reduced
susceptibility to treatment with praziquantel compared to isolates from another
geographical area (Fallon et al., 1996).

Additionally, it has been established that praziquantel does not prevent re-infection
hence, the need for continuous administration of the drug annually in areas of high
endemicity (N'Goran et al., 2001; Tchuenté et al., 2013). There is a universal
agreement amid professionals in the field that a resilient and continuous decline in
the disease spectrum and transmission will be achieved through a long-standing
protection by means of vaccination connected with chemotherapy (Siddiqui et al.,
2011). The limitations of praziquantel call for the need to research into alternative
interventions for the treatment of the disease in term of novel drugs, vaccines as well

as specific diagnostic tools for early diagnosis of schistosomiasis.
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1.9 Parasitic recombinant proteins as target for disease

intervention

Availability of genome sequences of numerous parasites of medical significance has
led to exponential advancement in the understanding of the parasite’s biology and
facilitated the identification of their potential as target in disease intervention
(Fernandez-Robledo and Vasta, 2010). Various studies have established the
potentials of parasitic stress proteins such as the Heat shock proteins (HSPs) and
Small heat shock proteins (SHSP) in various disease interventions, especially
diseases involving protein folding (Maloney and Workman, 2002; Sun and MacRae,
2005; Pesce et al., 2010; Shonhai, 2010). An immunological intervention presented
as schistosome vaccine is essential for conferring protection against
schistosomiasis. A vital strategy in vaccine development for a disease is to identify a
molecule critical for the parasites’ survival with the anticipation that immunization
with this molecule will give protection against the disease (Schechtman et al., 2001).
Production of recombinant proteins remains an essential tool in biotechnological
research, it is valuable for understanding the pathogenesis of a disease as well as
host susceptibility to disease, and can function as vaccines components.
Recombinant proteins are peptides with well-known sequences hence, they are
useful to increase the specificity of diagnostic tests (Cardoso et al., 2007).

A significant number of biological agents presently in usage are recombinant
proteins used as target effector molecules in cancer immunotherapies, as well as
those in the management of haemophilia (Sodoyer, 2004). Biophysical and structural
characterization of recombinant proteins is a very vital biological prerequisite before

recombinant proteins are utilized for the downstream
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pharmacological processes like production of vaccines, antibodies as well as new
drugs. Modern characterization entails subjecting recombinant proteins to analytical
procedures such as circular dichroism, FTIR, UV-visible spectroscopy, dynamic
scanning calorimetry, mass spectrometry, NMR spectroscopy, X-ray crystallography
amongst others (Hermeling et al.,, 2005; Bertucci et al., 2011). Advances in
development of vaccine for schistosomiasis is discussed further in the second

chapter of this thesis.

1.10 Genomic information on the schistosome parasites

The availability of genome sequences of many parasitic organisms of medical
significance has facilitated development in the understanding of the parasite’s
biology thus, enabling the identification of prospective targets for disease
intervention. Moreover, a sustained progress in technologies enabling genome
sequencing provides great hope for obtaining genomic information on any parasitic
organism of interest (Fernandez-Robledo and Vasta, 2010). Notably, the current
development of high throughput sequencing in biology witnessed accomplishment of
the genomes of the three main schistosome species and other parasite species.
These novel sequence resources have significantly extended the usefulness of the
schistosome proteomics research, chiefly for the detection of new drug, vaccine and
diagnostic biomarkers (Driguez et al., 2016).

Berriman and co-workers (2009) determined the genome sequence of Schistosoma
mansoni using genome shotgun sequencing. The S. mansoni genome sequence
was assembled into 5 745 scaffolds, which is greater than 2 kb and totalling 363 Mb.
Though 40 % of the S. mansoni genome is repetitive, however 50 % was assembled

into scaffolds having at least 824.5 kb. More so, 43 % of the genome assembly
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which was distributed over 153 scaffolds was unambiguously assigned to
chromosomes using florescence in situ hybridization (FISH).

The S. mansoni chromosome possess seven autosomal and ZW sex determination
pairs (Berriman et al.,, 2009). They also identified 11, 809 putative genes which
encodes 13, 197 transcripts. The average gene size was 4.7 kb. Usually, in large
introns the average is 1, 692 bp while in smaller exons it is averagely 217 bp.
Additionally, the introns in S. mansoni genome displayed a significantly biased
distribution which has never been discovered in other eukaryotic organisms wherein
the 5' introns are smaller in size compared with the 3’ introns. In genes that are multi-
exon, the leading set of introns could be very small like 26 bp but the introns near the
3' end are usually kilobases in length with the largest being 33.8 kb. However, the
cause of this observation is uncertain though transcriptional control was suggested.
Genes which encode protein kinases, G-protein couple receptors, voltage-gated ion
channels, neuropeptides, proteases as well as ligand-gated ion channels are
reported to be present in the S. mansoni genome. These proteins are considered as

vaccine as well as drug targets (Berriman et al., 2009).

Isokpehi and co-workers (2011b) studied the eight genes which encodes the USP
domain in the genome of S. mansoni. The following locus identifiers are given to the
genes; Smp_136870, Smp_043120, Smp_097930, Smp_136890, Smp_ 001010,
Smp_001000, Smp_031300, and Smp_076400 (Isokpehi et al., 2011b). Mbah and
co-workers (2013) hypothesized that the USP of schistosome parasites possess
some shared protein sequence features that could be helpful for inferring their
biochemical as well as environmental regulation, proteins that possess such shared

features can be useful targets for disease intervention (Mbah et al., 2013).
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The researchers used bioinformatics and visual analytic methods to determine
protein sequence length, binding sites for ligands, protein domain length, chemical
ligands that are significant biologically, enzymatic regulation, subcellular localization
as well as developmental regulation of thirteen schistosome USP sequences (8 for
S. japonicum and 5 for S. mansoni). All the analysed USP sequence have the ATP-

binding motif G-2x-G-9x-G(S/T).

1.11 Living organisms and stress

Stress as a concept has been the topic of many scientific discussions since it was
first used in scientific research by Selye Hans in 1950. It was initially defined as a
non-specific response of an organism to all harmful stimuli. The concept was later
redefined to distinguish between stressor and stress response (Koolhaas et al.,
2011). In order to survive, all living organisms must uphold a complex homeostasis
which is consistently challenged by stressors. These stressors include internal and
external antagonistic forces which threaten the existence of the organism while the
stress response refers to an organism’s reaction towards restoring homeostasis,
(Chrousos, 2009; Koolhaas et al., 2011). Examples of stressors include remote
temperature, toxic chemicals and gases, nutrient starvation, hydrostatic pressure,
high salinity, radioactive substances, drought, heavy metals, chemotherapeutic
agents, oxidative agents, nitrosative substances, amino acid analogue, human
immune response, and inhibitors of metabolism (Sousa and McKay, 2001; Kerk et

al., 2003; Nachin et al., 2005; Mbah et al., 2013).

When living organisms undergo stress, the final effect is protein denaturation and
thereafter, the instigation of stress response mechanism. Activation of different

signalling pathways inside the cell leads to the up-regulation of genes and proteins
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whose activity helps in responding to the various stress situations, thus alleviating
the effect of the stress. (Bukau et al., 2000; Mahajan et al., 2005; Wang et al., 2011;
Kim et al., 2012). Extreme stress experienced by living organisms induces a loss in
the protein native conformation leading to misfolding and aggregation (Somero,
1995; Calamini and Morimoto, 2012). Protein damage is further aggravated by
mutations and polymorphism, error prone synthesis as well as post-translational
modifications. It must be noted that in order for all proteins to ensure the desired and
optimal cellular functioning they must maintain their native conformation. This is
achieved by protein homeostasis otherwise called Proteostasis Network (PN). The
PN comprises of conserved stress protein pathways which control protein synthesis,
protein folding and trafficking as well as degradation to jointly achieve stability and

functional attributes of the proteome (Calamini and Morimoto, 2012).

1.12 Stress proteins discovered in living organisms

1.12.1 Heat shock proteins

Heat shock proteins also called heat stress proteins are greatly conserved molecules
which are present constitutively or induced in all species of living organisms. Heat
shock proteins (HSP) are grouped into families and given nomenclature based on
their molecular weight. HSPs are present in different intracellular compartments and
function as molecular chaperones in physiological conditions. HSPs make up 5-10 %
of the protein constituent of living organisms in normal growth conditions (Pockley,
2003). However, the intracellular concentration of HSPs may be increased by
stressors that instigate protein aggregation, unfolding or mis-folding as well as the
flow of the newly made non-native proteins. HSPs are not only expressed during

temperature rise as the name indicates but also during exposure to other diverse
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environmental stressors such as nutritional deficiencies, chemical toxicity, viral
infection, oxidative stress and ultraviolet irradiation. Examples include HSP70,
HSP90 and sHSPs (Pockley, 2003; Saibil et al., 2013; Mattoo and Goloubinoff,

2014).

A vital heat shock protein is the HSP70; which has been identified in the nucleus,
cytosol, matrix of mitochondria and the lumen of the endoplasmic reticulum.
Members of the HSP70 family stabilize an unfolded protein by binding to it. Different
physiological processes rely on the HSP70 system, these include; processing of
nascent protein inside the cytoplasm, in the endoplasmic reticulum and other cellular
organelles, translation initiation, import and export of nuclear protein, assembling of
ribosome, membrane translocation of secretory proteins, controlling action of
regulatory proteins, organization of the cytoskeletal systems, protecting of nuclear
structure and response to environmental stressors (Bakau et al., 2000; Young et al.,

2003; Bakau, 2005).

HSP90 is one of the most copious constitutively expressed chaperone in the cytosol
of eukaryotic organisms. Apart from its capability of maintaining target protein in
expected folding state, HSP90 also plays a crucial role in cellular homeostasis,
signal transduction pathways as well as cell cycle regulation. More so, this
chaperone is of special interest because of the significant role it plays in the
regulation of the proteins needed in malignant transformation (Pearl and Prodromou,

2000; Chiosis et al., 2004).

Small heat shock proteins with molecular weights within 15 kDa and 30 kDa occur as

complexes in plants, fungi, Drosophila, and yeast, and also in vertebrates. In
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mammals, they are oligomeric structures having about 32 subunits which correspond

to a molecular weight of 800 kDa. They exist in the cytosol of many cells and tissues

even while there is no threat from environmental stressors. The increased
expression of sHSPs during heat shock and their protective activity on cellular
viability at increased temperatures suggest SHSPs might have a role in the formation
or maintenance of the cytosolic protein native conformation (Basha et al., 2012;

Haslbeck and Vierling, 2015).

1.12.2 Universal Stress Proteins

The genome of S. japonicum, S. haematobium as well as S. mansoni encode
proteins having the Universal Stress Protein (USP) domain with the Pfam accession
number; PF00582 (Kvint et al., 2003; Berriman et al., 2009; Young et al., 2012;
Mbah et al., 2013). USPs have been discovered in yeast, archaea, bacteria, fungi
and plants. Expressions of the USPs are initiated by many environmental stressors,
including extreme temperature, toxic chemicals, nutrient starvation, oxidants, DNA
damaging agents, heavy metals, un-couplers of the electron transport chain, acids
and antibiotics (Nystrom and Neidhart, 1993; Diez et al., 2000; Niachin, 2005; Mbah
et al., 2013; Tkaczuk et al., 2013; Masamba et al., 2016). It is suggested that the
ancestral function of USPs is signal transduction and nucleotide binding (Isokpehi et

al., 2011b).

The universal stress protein domain can exist as a single domain in small USP
proteins of approximately 14-15 kDa, as tandem domain found in larger USP
proteins with approximately 30 kDa or as one or two USP domains alongside other
functional domain (Kerk et al., 2003) like antiporters, amino acid permease, voltage

channels as well as protein kinase domains (Nystrom and Neidhardt, 1993; Kerk et
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al.,, 2003). The number of USP genes occurring in different organisms varies
considerably. Xanthomonas campestris (pv. Campetris) encodes only one USP gene
while Streptomyces coelicolor (strain A3 (2)) has been predicted to encode as many

as twelve (12) USP genes (O’'Toole and Williams, 2003).

1.12.2.1 The E. coli universal stress protein

Although the USPs have been discovered in different species of organisms,
evidence concerning their biological and biochemical characteristics are based on
studies in Escherichia coli (strain K-12), which has its genome encoding six USPs
(Gustavsson et al., 2002). The first E. coli USPs to be detected was a protein
present in the cytoplasm having 144 amino acids, and an up-regulation of this USP
was significantly boosted when the bacterium development was suppressed by a
huge diversity of stress posed by the environment like starvation of essential
nutrients; including sulphates, phosphates, amino acids, carbon as well as nitrogen
(Diez et al., 2000; Niachin et al., 2005). Since expression of the Universal stress
protein is prompted by a diversity of stress conditions, inactivation of UspA in E. coli
has been established to harm the existence of E. coli under a collection of growth
arrest situations (Nystrom and Neidhardt, 1994). Five members of the USP family
were discovered in E. coli namely: UspC (YecG), UspD (YiiT), UspE (YdaA), UspF

(YnaF) as well as UspG (Gustavsson et al., 2002).

Mutation of UspA leads to the altering of its global expression whereas
overexpression leads to a global alteration in its pattern of protein expression. It is
likely that overexpression of UspA may have an indirect effect on gene expression.
Unsuitable expression of UspA in cells growing exponentially resulted in an
immediate reduction in the growth rate (Nystrom and Neidhardt, 1996). Mushegian
and Koonin (1996), suggested that DNA binding characteristics have a part to play in
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stress enduring ability of the UspA of E. coli. It has been hypothesized that UspA has
a structural resemblance to the transcriptional factor of the MADS-box protein family
and the human serum response factor (MefA2) due to sequence match between the
DNA binding helix of the two proteins and UspA (Mushegian and Koonin, 1996).
However, after determining the three dimensional structure of Haemophilus
influenzae UspA orthologue, the previous claim has been refuted (Sousa and

McKay, 2001).

UspA is an example of genes which respond to growth arrest and their expression
increases during a vast number of environmental insults. The protein product of
UspA gene is usually abundant during the stationary phase of cells. Mutants of E.
coli without UspA are unable to survive during growth arrest as well as during the

DNA damaging conditions (Nystrom and Neidhardt, 1994; Gustavsson et al., 2002).

Apart from being up-regulated during growth arrest, UspA of Echerichia coli is
likewise phosphorylated on threonine as well as serine. It is suggested that
phosphorylation act like the intracellular switch which stimulates UspA to accomplish
its functions in the cell. If the suggestion is confirmed, it would become obvious that
aside from USPs expression being up-regulated by growth phase indicators, other
factors might control the action of USPs by modulating their phosphorylation
condition. UspA experiences phosphorylation in vitro by means of ATP and GTP
(phosphate donors) while other proteins are absent. Nevertheless, genetic studies
elucidated that the phosphorylation of UspA in vivo needs an existence of the
ribosomal tyrosine phosphoprotein TypA (Freestone et al., 1997; Freestone et al.,
1998; O’Toole and Williams, 2003). It is suggested that USPs possess protein-

protein binding activities.
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A study showed UspA forming homodimers after purification and also associating
with larger complexes in native extracts of E. coli (Gustavsson et al., 2002; O’'Toole
and Williams, 2003). This report is agreeable with the discoveries on the USP of
Methanocaldococcus jannaschii, (MJO577) which also form homodimers
(Zarembinski et al., 1998; O’'Toole and Williams, 2003). Additionally, the UspG of E.
coli has been studied to be in complexes with GroEL, which are isolated from the
stationary-phase cultures. The GroEL-UspG interface was established by means of
co-immunoprecipitation experimentations. Hence, showing the existence of an
experimental proof of the USPs partake in protein-protein interactions. It will be
interesting to find out how this information can contribute to the function of USPs

(Bochkareva et al., 2002; O’Toole and Williams, 2003).

Findings have shown that adding ATP to GroEL complexes discharges UspG and on
the other hand, the occurrence of ATP blocks the interface between UspG and
GroEL (Bochkareva et al., 2002). The interface between UspG and GroEL may be
observed as exclusively the result of ATP on GroEL, however, the likelihood that the
binding of ATP with USPs might affect their protein-protein interactions should not be
eliminated outrightly. With inadequate information on the exact function of ATP

binding, it might be significant in the functioning of USPs.

More so, the open reading frame directly upstream of UspA in E. coli encodes a
protein with 111 amino acid residues. This protein was given the name universal
stress protein B (UspB) due to its overall receptiveness to diverse starvation and
stress situations in addition to the position of its structural gene next to UspA
(Farewell et al., 1998; O'Toole and Williams, 2003). At the stationary phase,

overexpression of UspB led to cell death whereas mutants of UspB were sensitive to
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ethanol but they were not sensitive to exposure to heat in the environment. Farewell
and co-workers (1998) predicted that UspB is an integral membrane protein with a
minimum of one membrane-spanning domain. However, it is significant to note that
UspB was discovered prior to the discovery of the PF00582 family and it has no
sequence match to UspA or other members of the USP family (Farewell et al., 1998;

O’Toole and Williams, 2003).

Due to the wide variety of resistance properties offered by the USPs of E. coli, it is
not unexpected to discover them in the genome of a different species including
Schistosoma species. More so, the exact functions of USPs in stress response have
been revealed in few organisms. An example is in the pathogenic organism,
Porphyromonas gingivalis, where the UspA gene was described to be a significant
element in the formation of biofilm proposed as a way the organism react to stress in

its environment (Chen et al., 2006).

1.13 Functions of previously discovered USPs in living organisms

Most of the USPs discovered in the Mycobacterium tuberculosis which causes
tuberculosis are described to be up-regulated in hypoxic situations, proposing that
they perform imperative function in the continued existence of the bacteria during
growth arrest (Hingley-Wilson et al., 2010). More so, the USP of M. tuberculosis
Rv2623 is described to control growth of the bacillus due to ATP-binding capacity in

the organism (Drumm et al., 2009).

UspA perform a vital function in resistance to metabolic as well as oxidative stress in
Salmonella typhimurium which is an enteric bacterium. It was reported that the
protein levels of UspA in the organism were established to be higher during the

stationary phase as well as when the bacteria experiences exposure to rather high
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temperatures between 30 °C-42 °C (Liu et al., 2007). Also, USPs have been studied
to perform important function during the stationary phase existence of Pseudomonas

aeruginosa (Schreiber et al., 2006).

The USP genes as well as their signal peptides respond sensitively to the threshold
values of different stressors, therefore, the USP genes are expressed during a
minimum threshold value while at above the maximum threshold value the living
organism goes into extinction from the system. Hence, only organisms having well-
armed USP apparatus will be able to survive threshold values which are higher. This
means the threshold value of the environmental insult could be a dynamic parameter
for the microbial consortium with the appearance or disappearance of a specific

organism helping as a biomarker (Mbah and Isokpehi, 2013).

Zarembinski and co-workers (1998) determined the crystal structure of MJO577
using its selenomethionyl derivatives. MJO577 is a monomer structure with an open-
twisted five-stranded parallel B-sheet having two helices on each side of the sheet.
The amino acid residues encompassing the triphosphate binding loop were

identified.

In addition to this, sequence alignment of MJ0577 showed the conservation of
several ATP binding residues through a huge percentage of proteins categorized as

members of USP family (Zarembinski et al., 1998; O'Toole and Williams, 2003).

The MJ0O577 possess a nucleotide-binding pocket which is bounded by motifs having
incomplete similarities to what is usually found in ATP-binding proteins, however, the
sequential arrangement of the motifs differs from other ATP-binding proteins. Hence,
the crystal structure of MJO0577 characterizes another family of ATP-binding

molecules. It is note-worthy that ATP was not used in the purification or
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crystallization processes, therefore, MJO577 might have scavenged the ATP from its
host in the process of overexpression and held it during purification. MJO577 is
predicted to be an ATP-binding molecular switch, it hydrolyses ATP in the presence
of M. jannaschii crude extract hence, the factor for the hydrolysis of ATP is in M.

jannaschii (Zarembinski et al., 1998).

Sousa and McKay (2001) studied the crystal structure of a Universal stress protein of
Haemophilus influenza. The study revealed four UspA protomers in an asymmetric
unit which are assigned to two dimers. Based on gel filtration results, the UspA of H.
influenza shows it as an asymmetric dimer having a molecular weight of 34.5 kDa in
solution compared with the calculated dimeric molecular weight of 32.0 kDa. It has a
cross-validated estimated coordinate error of 0.17 A. Within the subunits of each
dimer, there is a sequesterion of a sulphate ion beside the side chains of residues
Arg28 and His29. The two dimers of H. influenza UspA can be superimposed,
however they differ noticeably in conformation in two segments of polypeptide thus

making the dimers asymmetric (Sousa and McKay, 2001).

The UspA of H. influenza has a similarity in protomer fold as well as dimer assembly
to the MJO577 of Methanococcus jannaschii. Protomer of MJ0O577 is a parallel a/f
structure having five B strands, however the UspA protomer possess an analogous
structural core but varies from MJ0577 due to its sixth, short and antiparallel 8 strand
on the edge of the sheet distal to the dimer interface and a shorter a2 helix. There is
also similarity in the dimer surface in the two proteins; the interface is formed due to

an anti-parallel interaction between adjacent 5 strands (Sousa and McKay, 2001).

The UspA of H. influenza and MJ0O577 differs in ATP binding. The crystal structure of

MJO0577 binds ATP tightly despite the non-inclusion of ATP during its purification and
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crystallization, whereas, UspA does not bind ATP despite it being grown and kept in
1mM MgATP. Hence, proteins sharing the MJ0577 fold can be classed into two;
ATP-binding and non-ATP-binding. Even though the agreed sequence for ATP
binding is yet to be defined, it is suggested that the G-2X-G-9X-G(S/T) motif is an
important feature for classification. Some proteins have sequence motif and are
classified as ATP binding while others do not and are thus classified as non-ATP
binding example being the UspA of H. influenza. This suggests that the activities of
UspA of H. influenza will be independent of ATP. The UspA from H. influenza shares
68% sequence identity with the UspA of Escherichia coli and 12 % identity with

MJO577.

The structural elucidation of this protein offers a basis for structure-function research
to clarify the biochemical actions (Sousa and McKay, 2001). Tkaczuk and co-
workers presented the crystal structures of the universal stress proteins AF0826
from the euryarchaeal Archaeoglobus fulgidus and NE1028 from the bacteria
Nitrosomonas europaea. The apo-form of NE1028 has a monomer structure with an
open twisted five-strand parallel B-sheet having a topology B3-$2- B-B1-B4-B5, fit in
by a-helices. This structure resembles the M. jannashii, MJ0577 protein which has
an ATP bound between (1 and B4. The apo-AF0826 monomer structure is
analogous to the apo-NE1028 USP. The AF0826 USP forms an open, twisted, five-
strand parallel B-sheet, with two additional B-strands forming a B-hairpin which is
inserted in-between (4 and 5. Residues between the 34-B5 region usually form a

loop in other USPs discovered (Tkaczuk et al., 2013).

Loukehaich and co-workers (2012) cloned and functionally characterized an

annexin-interacting USP in Solanum pennelli. They reported that SpUSP was
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significantly induced by oxidative stress, dehydration, phytohormone abscisic acid
(ABA) and salt stress. They predicted SpUSP to encode a protein with 145 amino
acids, a molecular weight of 16.2 kDa and an isoeletric point of 5.9. The secondary
structure of SpUSP is predicted to have conserved ATP-binding regions as well as
other binding sites. The distribution of alpha-helices and beta-strands in SpUSP are

very similar to that of MJO577 crystal structure (Loukehaich et al., 2012).

Magbool and colleagues (2009) identified and cloned two USP genes; GUSP1 and
GUSP2 of Gosspyium arboretum to study their role in drought-related stress. GUSP1
and GUSP2 are predicted to have molecular weights of 18.2 kDa and 19.1 kDa
respectively. With the aid of sequence analysis, both USPs are reported to be very
similar to the MJO577-like USPs. Nucleotide sequence of both genes exhibited an
81% similarity with their encoded proteins sharing 75 % amino acid homology. The
two proteins have 17-61 % similarity to the previously analysed USPs from various

bacteria and plants (Magbool et al., 2009).

Kim and co-workers recently reported the crystal structure of a USP-like encoded
protein At3g01520 from Arabidopsis thaliana. The crystal structure consists of three
At39g01520 protein dimers with an AMP molecule attached to each protomer. Each
At3g01520 protomer includes a central five-stranded, parallel B-sheet (B4-p5-B1-p2-
B3), surrounded by five a-helices, it is folded into the typical Rossmann-like a/B-fold,
similar to the structures of other described USP family members. At3g01520 was
classified as an ATP binding USP due to the bound AMP and a preservation of

residues in the ATP-binding loop (Kim et al., 2015).
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1.15 Motivation and problem statement

Schistosomiasis, a neglected tropical disease, has continued to cause various
degrees of mortality and morbidity in various parts of the world. Although over the
years, a lot of efforts have been exerted towards the control and elimination of this
enervating disease of poverty, limited progress has been attained. The main
breakthrough is the drug praziquantel formulated in the early 1970s which has been
administered successfully to treat all forms of schistosomal infections but with many
limitations as well as side-effects. More so, reports of the emergence of resistance of
the schistosome worm to praziquantel treatment increased globally calls for
alternative approaches to deal with the disease through early diagnostics,
formulation of vaccine, as well as novel drugs. The genome of S. mansoni has been
confirmed to encode the USP domain (Berriman et al., 2009; Brindley et al., 2009).
These proteins play important roles during unfavourable conditions in many
organisms, playing vital role during all the developmental stages of the S. mansoni
parasite (Isokpehi et al., 2011a, Isokpehi et al., 2011b).

Mbah and co-workers states that schistosomes are able to overcome arrays of
stress due to the up-regulation of stress regulating genes, which encode the
universal stress proteins (USPs) in its genome (Mbah et al.,, 2013). Structural
characterization of this S. mansoni important regulatory protein could give a good
lead to schistosomiasis intervention since research has established that recombinant
proteins produced from an organism could be useful as druggable targets and are

also vital in the production of therapeutic agents to combat diseases.
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1.16 Scope of study

Schistosoma mansoni has been chosen for study because more than 90% of
schistosomal infections are due to this specie (EI-Shehabi et al., 2012). Schistosoma
mansoni is reputed to be the chief culprit for various forms of schistosomiasis
especially intestinal and hepatic schistosomiasis hence, it is often the specie of the
organism under study (Gryseels et al., 2006; Gray et al., 2011; Elbaz and Esmat,

2013).

1.17 Research hypothesis

The molecular cloning, production of a recombinant universal stress protein and
subsequent structural characterization of the recombinant protein will provide
structurally important data about the S. mansoni universal stress protein structure.
The availability of such data is essentially useful in further studies towards
schistosomiasis interventions for the control, treatment or elimination of the disease

through the formulation of point-of-care diagnostics, vaccines and new drugs.

1.18 Objectives

1.18.1 Broad objectives
1. To experimentally clone, express and purify a stable, soluble and natively-folded

G4LZI3 from S. mansoni at appropriate concentration.

2. To preliminarily characterize the purified recombinant G4LZI3 towards further

structural elucidation.

1.18.2 Specific objectives

In-silico structural analysis of G4LZI3

i. To retrieve the coding sequence of the universal stress protein, G4LZ13 from NCBI.
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ii. To do the nucleotide analysis by blasting the NCBI database for related non-

redundant protein sequences from the NCBI.

iii. To carry-out multiple sequence alignment of the G4LZI3 with selected

homologous sequences.

iv. To predict the amino acid content of G4LZI3.

v. To predict the physicochemical properties of G4LZI3.

vi. To do the secondary structure prediction.

vii. To carry-out homology modelling and tertiary structure determination of the

protein.

viii. To confirm the accuracy of the homology model.

ix. To carry-out 3D structure refinement.

X. To determine the solvent accessibility.

xi. To predict the binding sites on G4LZI3.

xii. To determine the protein subcellular localization.

xiii. To analysis the antigenic determinants/epitopes.

xiv. To carry-out gene ontology (GO) prediction on G4LZI3.

Laboratory experimental procedures toward characterization of G4LZI3.

i. To confirm the integrity of cloned pQE30-G4LZI3 by restriction digest analysis.
ii. To generate Histidine-tagged recombinant G4LZI3 protein from S. mansoni by

recombinant expression procedures in E. coli system.
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iii. To develop protein purification procedures for purifying this protein to
homogeneity.

iv. To determine the protein concentration.

v. To ascertain the purity and molecular weight by SDS-PAGE analysis and mass

spectroscopy.

vi. To do the preliminary structural characterization of the S. mansoni G4LZI3

protein.
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2.1 Introduction

Human schistosomiasis otherwise called bilharzia, is a freshwater snail transmitted
intravascular debilitating disease resulting from infection by the parasitic dimorphic
Schistosoma trematode worms, which lives in the bloodstream of humans."? The
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World Health Organization (WHO) regards the disease as a neglected tropical
disease, with an estimated 732 million persons being vulnerable to infection world-
wide in renowned transmission areas.” Steinmann and co-workers documented that
over 200 million individuals are infected with this disease from Africa, Asia, and
South America." The WHO further estimated that schistosome infections and
geohelminths accounts for over 40 % of the world tropical disease burden with the
exclusion of malaria.” Humans get infected with this disease when they make contact
with water contaminated with the skin-penetrating cercariae. Prevalence of
schistosomiasis at present, is still high in sub-Saharan Africa. In 2008, 17.5 million
people were treated globally for schistosomiasis, 11.7 million of those treated were
from sub-Saharan Africa.’ An approximate of 120 million individuals in sub-Saharan
Africa have schistosomiasis-related symptoms while about 20 million undergoes
hardship as a result of chronic presentations of the disease.”

Schistosomiasis has been successfully eliminated in Japan and Tunisia. Morocco
and some Caribbean Islands countries had made significant progress on control of
the disease while Brazil, China, and Egypt are taking steps towards elimination of
the disease.® Schistosomiasis is more rampant in poor rural communities especially
places where fishing and agricultural activities are dominant. Domestic activities
such as washing clothes and fetching water in infected water exposes women and

children to infection.

Recreational activities like swimming and poor hygiene also makes children
vulnerable to schistosomiasis.® Humans are usually infected by five species of
schistosomes, namely Schistosoma mansoni, Schistosoma haematobium,

Schisosoma japonicum, Schistosoma mekongi and Schistosoma intercalatum, but
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the main burden of disease in sub-Saharan Africa is usually attributed to two
species, which are, S. mansoni and S. haematobium and are referred to as the

major human schistosomes.®

Biomphalaria snails are responsible for the transmission of S. mansoni which is the
source of hepatic and intestinal schistosomiasis in places like the Arabian countries,
South America, and Africa. Bulinus snails transmits S. haematobium which is the
chief cause of urinary schistosomiasis in Africa and the Arab world.? The
Biomphalaria snail comprises of many species including Bi. alexandrina, Bi.
Sudanica, Bi. Pfeifferi and Bi. hoanomphala, while the genus Bulinus comprises of
the following species; Bu. tropicus, Bu. globosus, Bu. truncatus, Bu. forskalli and Bu.
Africanus.” Schistosoma japonicum is spread by the freshwater snail Oncomelania
and it is responsible for intestinal and hepatosplenic schistosomal infections in
Indonesia, Peoples Republic of China, and the Phillipines. It is a zoonotic parasite
infecting animals including pigs, dogs, cattle, and rodents. Some other species of
schistosome are parasites of different animals, but occassionally infect humans.
Schistosoma mansoni can also be found in primates and rodents but the main host

are human beings.”

Matured schistosomes are usually greyish or white worms with a length of 7 mm-20
mm; having a cylindrical shape with two ending suckers, a blind digestive tract, a
complex tegument, and reproductive organs. A distinguishing feature in this

trematode compared with other trematodes is its existence in two sexes.

The male has a gyneaphoric channel or a groove, wherein it grips the female which
is usually longer and thinner. The male and female schistosomes lives as

permanently embraced couples in the perivesical venous (in Schistosoma
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haematobium) or in the mesentric venous (in Schistosoma mansoni and
Schistosoma japonicum species). The schistosomes gets nourishment from the host
blood and globulins by means of anaerobic glycolysis and excretes the waste back
into the body of the hosts.” A female schistosome has the capacity to produce
hundreds of eggs in a day as discovered in the African species, and about
thousands of eggs per day in the oriental species. An individual ovum possesses
miracidium larva with a cilia that produces proteolytic enzymes which aids the eggs

to move inside either the lumen of the bladder or into the host intestine.?

Subsequently, the parasites eggs are released into the faeces or urine where it
remains alive for about seven days. When it gets into freshwater, the miracidium is
released from the egg. With the aid of chemical stimuli and light, the miracidium seek
the freshwater snail which is its intermediate host. On locating the snail, the
miracidium penetrates it and undergo asexual reproduction to produce multicellular
sporocytes which develops to cercarial larvae having embryonic suckers as well as a
two-branched tail.” After 4-6 weeks of infecting the snail, the cercariae leaves the
snail and gyrates around for about 72 hours looking out for the skin of a prospective
host. Releasing the cercariae from the snail is instigated by light and takes place
mainly during the day time. On locating a human host skin, the cercariae burrows
into it, migrates into the blood through the liver and lungs and undergoes

transformation into a schistosomulae otherwise called young worms.”

The schistosomulae matures within 4-6 weeks inside the portal vein, mates, and
migrates to their destination, which is either the perivesicular or mesenteric venous
plexus) to start the cycle again (Fig. 1). A single infected snail has the potential of
shedding thousands of cercariae daily for many months. An adult schistosome has

an average lifespan of between three years to five years, but it can as well live for 30
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years. A single schistosome pair has a theoretical reproduction potential of up to 600
billion schistosomes.” The intermediate freshwater snail inhabit calm or slowly
moving freshwater lakes, rivers, ponds or streams. The rate of infection in human
increases with the duration of time spent in contaminated water.” The use of
microscope to examine stool and urine is the gold standard for detection (diagnosis)
of schistosomal infection. The schistosome eggs are easily seen and identified on
microscopy due to having a peculiar size and shape and possession of a lateral or

terminal spine.”

2.2 Schistosomiasis: A Neglected Tropical Disease of Poverty

Neglected tropical diseases (NTDs) are generally referred to as a collection of
chronic, disabling, and physically disfiguring infectious diseases that are found
mostly among the poor rural dwellers and some urban population. Studies have
revealed that the NTDs are more prominent in sub-Saharan African communities.
NTDs have profound negative effects on development in children, outcome of
pregnancy and agricultural productivity, thus a key reason why the “bottom 500
million” inhabitants of sub-Saharan Africa continue to be in poverty. This led to the
concern for elimination of the NTDs as a major element of the Millennium
Development Goals MDGs.’

More than seventeen diseases are referred to as NTDs but seven of them have
attracted more attention due to their high prevalence and resistance to control

worldwide.'°

NTDs poses great health as well as economic challenges for the poor dwellers of
Africa, Latin America as well as Asia. These diseases are the cause of about 534,

000 deaths annually; an estimated 57 million diability-adjusted life-years (DALYS) are
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lost annually due to the NTDs. These neglected tropical diseases put great health,

social and financial burden on economies of households and governments.**

Schistosomiasis is the second most common NTDs after hookworm in Sub-Saharan
Africa. Children and young adults bears most of the burden resulting from this
disease in Africa. Sub-Saharan Africa accounts for 93 % (192 million) of the world
estimated 207 million cases of schistosomiasis. The highest prevalence of this
infection is seen in Nigeria (29 million), which is closely followed by United Republic
of Tanzania (19 million), Ghana and Democratic Republic of Congo (15 million)
making up the top five countries in Africa with schistosomal infection (Fig. 2).
However, under-estimation of the true prevalence of schistosomiasis have been
reported; it is proposed that the prevalence of schistosomal-related diseases may be

more than 400-600 million globally.*?

2.3 Prevalence of schistosomiasis in some sub-Saharan Africa

countries

S. mansoni is the chief cause of clinical abnormalities such as hepatomegaly,
splenomegaly, and periportal fibrosis in various sub-Saharan Africa countries. A
study in northern Ethiopia in Alamata district revealed an alarming 73.9 %
prevalence of schistosomal infection, with presentation of 3.7 % hepatomegaly, 7.4
% splenomegaly, and 12.3 % periportal fibrosis.**

A cross-sectional study carried out among 362 school age children in Machakos
district in Kenya showed varying intensities of S. mansoni infections and its
association with hepatomegaly, it was observed that children with infections
exhibited stunted growth and wasted muscles compared with children without

infection.'* Cases of
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appendicitis-related to schistosomal infections are reported in various studies.
Schistosomal appendicitis caused by S. mansoni infection is an unusual
complication in endemic communities with 0.02 %-6.3 % prevalence, which

represent 28.6 % of severe appendicitis cases in such endemic region."”

A study carried out in Nigeria reported that 2.3 % of over 1000 cases of appendicitis
have schistosome eggs discovered in histological sections, with 56 % of the cases
attributable to S. mansoni, 26.0 % to S. haematobium, and 19.0 % to coinfection by
both species.’® In another study, 4.2 % of appendicitis cases were classified as
schistosomiasis of the appendix.’’ Schistosomiasis due to S. mansoni is on top of
the list of the causes of pulmonary hypertension worldwide especially in areas where
schistoasomiasis is endemic."®

A survey of school children aged 5-19 years in Mbita and some Islands close to Lake
Victoria in Kenya revealed that the communities are highly endemic for S. mansoni
infection with a high prevalence of 60.5 %."° Another survey covering the inhabitants
of Lake Rweru in Rwanda indicated that 21.1% of the population screened had
intestinal schistosomiasis. This suggests a likely high prevalence of schistosomiasis
in the communities visited. Out of the three communities visited, a community had
only one case of infection, which can be attributed to the presence of piped water in

the commmunity.*

A study carried-out in Yewa North Local Government of Ogun State, Nigeria
buttressed the fact that schistosomiasis exists among pregnant women. The study
population consisted of pregnant women of age range 15-42 years. A prevalence of
20.8 % of Schistosoma haematobium infection was observed, with the younger

pregnant women at greater risk of the infection, which is in consonant with a
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previous report from Tanzania. It was also observed that the prevalence recorded
within pregnant mothers in Yewa North is obviously lower compared with earlier
reports from similar population groups due to a taboo in that part of the country

restricting pregnant women from visiting natural water bodies.*

A cross-sectional study of school children of ages 8-17 years in Sengerema District,
Nyamatongo ward of North-West Tanzania, revealed an alarming prevalence of
64.3 % S. mansoni infection. This prevalence is remarkably high in spite of previous
control efforts in the ward such as mass drug administration.”” An investigative study
of in-school and not-in-school children of ages 6-15 years living in communities
along the Tono Irrigation Canal in North Ghana revealed a prevalence of 33.2 % of
S. haematobium infection and a 19.8 % for S. mansoni. An overall schistosomiasis
prevalence of 47.7 % was reported. It was also observed that there was higher
infection rate in male children compared to their female counterpart, which might be

due to longer period of contact with contaminated water.*

A study consisting adult male and female subjects residing in the Volta Basin of
Ghana revealed a 46.5 % prevalence of urinary schiatosomiasis; this report is a
good indication that schistosomal infection prevalence is not transient among

adults.*

An investigative study carried out in Zenu, a surburb community of the capital city of
Ghana, revealed a prevalence of 30.7 % incidence of urinary schistosomiasis,
among the study population of school children aged 3-16 years. Demographic
analysis showed that the proximity of households to a dam is associated with the
prevalence observed among the children.” A high prevalence (57.6 %) of urinary

schistosomiasis and elevated intensity of S. haematobium infection (185 eggs/ml)
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was also reported among school-age children in Niakhar District, Senegal. This
endemicity could be attributed to the inhabitants’ great dependence on backwater

and ponds for various domestic and recreational activities.*°

The report of a pilot study in 2010, in the Eastern Cape Province of South Africa,
with school-age students as subject revealed an alarming prevalence of 73.3 %. The
authors observed that due to the study population size being small, there is need for
further study to determine the extent of schistosomiasis in the area.?’ A nation-wide
survey of the prevalence of schistosomal infections and soil helminths in school
children from Mozambique reported a prevalence of 47.0 % S. haematobium
infection and 1.0 % S. mansoni infection. Further observation from this study showed
infection increases with age, with the age group 10-14 years having the highest
prevalence of S. haematobium infection. It was also observed that across the
districts, male children had the higher prevalence compared to their female
counterparts. The high prevalence of schistosomiasis was attributed to inadequate
water supply in the districts, poor sanitation and a low level of socioeconomic

development in most parts of Mozambique.?®

A cross sectional study carried out in Zarima town, northwest Ethiopia among 319

elementary school children revealed a prevalence of 37.9 % S. mansoni infection.

The researchers observed there was an increase in prevalence compared with
previous studies in the area despite school deworming programmes. A study done at
Barombi Kotto focus, South West Cameroun, revealed an alarming 69.17 %
prevalence of S. haenatobium infection confirming the area highly endemic. It was
noted that most lakes in the area are habitats for the B. globosus intermediate host

required for disease transmission.”” Added to this, another study carried out in
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Agboville, Cote d’lvoire among school age children showed a very high prevalence

of 85. 3 % and 53.8 % for S. haematobium and S. mansoni respectively.®

2.4 Schistosomal morbidity and mortality in sub-Saharan Africa

The significance of morbidity and mortality resulting from helminthic infections
including schistosomiasis has been grossly underestimated in most developing
countries.'* School-aged children, teenagers, women and young adults are mostly
hit with the morbidity and mortality associated with schistosomiais. ** Population
studies of schistosoma-infected children revealed that schistosomiasis can cause
retardation of growth, fatigue, weakness, impairment of memory and cognitive
reasoning and increased risk of anaemia, leading to poor academic performance,
thus limiting the potential of infected children.® These negative outcomes in the

children adds to the socioeconomic burden of the society.**

Though schistosomiasis is rarely fatal, it causes long term morbidity such as
anaemia which results from bleeding from the urinary and intestinal tracts due to
worm invasion and movements, iron deficiency is also an outcome of the disease
sequel to nutritional impairment such as nutrient malabsorption and digestive

disorder like diarrhea due to infection.*

A study in Daekena, in the Republic of Niger an area endemic for urinary
schistosomiasis, revealed 41.7 % of the 174 school children having iron deficiency
while 57.7 % exhibit anaemia related iron deficiency.** A longitudinal study in
Burkina Faso among 1727 Burkinabe children of age range 6-17 years revealed a
dramatic increase in haemoglobin concentration of children diagnosed with S.
haematobium infection after chemotherapy compared with baseline concentration a

year earlier.*
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Clinical observation and autopsy strongly indicates that people, specifically elderly
patients, die as a result of schistosomal-induced kidney damage.” Urogenital
schistosomiasis is a key predisposing agent for Human Immunodeficiency Virus
(HIV) transmission. Urogenital schistosomiasis in HIV-positive women increases the
ease of transmission to male sexual partners, as well as in transmission from a HIV-
positive male to his sex partner. It also hastens the progression of the disease in
people already infected with the virus by increasing the plasma concentration of the
HIV RNA (viral load).*> A study among Zimbabwean women showed that women

with S. haematobium eggs in their pap smear had three times risk of having HIV.*®

Studies on animal models and human subjects have established adverse
consequences of schistosomiasis on pregnancy outcomes. S. haematobium
infection has been linked to placental inflammation, leading to poor birth-outcomes
as a result of placental incompetency. Heavy S. mansoni infection have also been
linked to higher risk of anaemia that might subsequently lead to maternal mortality or
low birth weight (LBW) babies. The anaemia may be due to loss of iron in urine and
faecal waste. Proinflammatory cytokines resulting from schistosomiasis infection
leads to anorexia or loss of appetite in a pregnant woman which might ultimately
result in reduced maternal weight gain and thus lead to a baby with. low birth
weight.*’

An observational study in Tanzania showed that there was a high prevalence of S.
mansoni infection among the pregnant women under study and the high intensity of
infection exposes the women to more risk of anaemia during pregnancy.*® Another
study in Tanzania linked the delivery of low birth weight babies (LBW) to infection
with parasitic diseases including schistosomiasis during pregnancy.® Study has

shown an elevated progression of liver fibrosis in people co-infected with
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schistosomiasis and hepatitis-C virus in comparison with cases of single infection,

which ultimately led to advanced liver diseases.*’

2.5 Factors determining the continuous transmission of

schistosomiasis in sub-Saharan Africa

The continuous transmission of schistosomiasis in sub-Saharan Africa is attributable
to various environmental and socio-economic factors such as:

2.5.1 Climatic changes

There is an established link between climatic changes and infectious disease
transmission. Schistosomiasis is a typical example of diseases whose local infection
and geographical expansion is influenced by climatic changes and global warming.*
Mangal and co-workers showed that a rise in ambient temperature from 20 'C to
30 "C will lead to over tenfold increase in the mean burden of S. mansoni infection in
endemic areas. Whereas at temperature above 30 ‘C a decrease in the disease
burden was observed, probably due to the rise in the death rate of the intermediate
snail host. They observed that although an increase in disease burden leads to
increased morbidity and mortality, there might be a negligible increase in prevalence

of the disease.’’

Rainfall patterns also have effect on the transmission of
schistosomiasis; in Senegal, the snail specie Biomphalaria pfeifferi is responsible for
S. mansoni transmission during the raining season, while during the dry season S.
haematobium infection is transmitted by Bilunus globosus.*?

2.5.2 Proximity to water sources

The schistosome parasite requires an avenue wherein there is direct contact

between the molluscan intermediate snail and the final human host for transmission

of schistosomiasis to take place **, an estimated 76 % of the sub-Saharan population
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live close to various open water bodies which are infested with the intermediate snalil
host necessary for the transmission of the disease.’ Various studies have
established a direct association between the intensity of the disease and proximity of
infected individuals to natural water source such as lakes, rivers and ponds.** *°> A
study carried out in Blantyre district in Malawi, showed that children whose school

are closer to open water bodies have increased risk of infection,* this finding is in

consonance with the finding of Clennon and co-workers. *°

2.5.3 Man-made ecological changes

Ecological changes due to man-made construction of irrigation schemes, reservoirs
and dams for agricultural purposes and electricity generation are also responsible for
continued transmission of schistosomiasis in some in sub-Saharan African
countries.”® Construction of dams led to remarkable increase in cases of urinary
schistosomiasis as experienced in some sub-Saharan Africa countries such as
Senegal, Cote d’lvoire, Ghana, Mali, Namibia and Cameroun.” Steinmann and co-
workers estimated that 13.6 % (106 million) of people vulnerable to schistosomiasis
reside close to irrigation schemes and large dam reservoirs."

2.5.4 Socio-economic factors

Socio-economic factors influencing the continuous transmission of the debilitating
disease in sub-Saharan countries include poverty occupational activities, poor
sanitation and hygiene and non-availability of portable water for domestic use.” A
World Bank analysis confirmed that majority of sub-Saharan population survives on
between US$1.25-US$2 per day.” King 2010, postulated a vicious cycle between
poverty and schistosomiasis. He explained that poverty compels an individual to
utilizing contaminated water sources for his domestic activities therefore getting

infected with the disease, on getting sick due to the infection, he becomes unable to
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engage in activities to earn his livelihood and thus, poverty persists.* Ugbomoiko
and co-workers established the link between schistosomiasis and poverty in their
cross-sectional study in two peri-urban communities in Osun State, Nigeria. An
alarming 62 % prevalence was recorded among 1023 individuals under study.”’

An analysis by Esrey and co-workers reported on the role of improved water supply
and hygiene on disease transmission and incidence concluded that availability of
good water and sanitation are necessary for reducing the incidence and prevalence
of schistosomiasis and some other water related diseases.”® Many inhabitants of
sub-Saharan countries has limited access to portable water for domestic use, thus
they are left with the option of using natural water bodies such as lakes, rivers,
ponds and other water sources contaminated with developmental stages of the
schistosome parasite. A study carried out in northern Nigeria showed the link
between safe water and intensity of urinary schistosomiasis, a higher of infection
(88.57 %) was recorded in a community with only pond as source of water for
domestic use in comparison with a neighbouring community with borehole which had

a prevalence of 0.59 %.*

Occupational activities such as fishing and farming are also risk factors for
transmission of the disease. Contact with infected water is a vital factor in
transmission of infection; women and children get exposed to infection during
activities such as laundry, plate washing, water fetching for domestic use and
bathing. Recreational activities such as swimming and diving also exposes an

individual to infection.®
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2.6 Chemotherapy for Schistosomiasis and associated fallout

Several drugs have been used in the treatment of schistosoma infection, notable

among them are oxamniquine, metrifonate, Artemisinin deivatives and praziquantel.

Artemisinin is an antimalarial, which have been studied to have antischistosomal
properties, with the best outcome with artesunate and artemether. These drugs have
the capacity to Kkill juvenile worms of both S. mansoni and S. japonicum. Trials
studies done in China and Cote d’lvoire established the efficacy of the derivatives of
artemisinin. However, there is widespread concern on the use of these drugs in

areas where malaria is endemic due to fear of raising resistance to plasmodium.

Praziquantel, a pyrazinoisoquinoline derivative have been shown by randomised
controlled trials to be a very safe oral drug for the treatment of schistosomiasis
caused by the various schistosome species.”’ This drug is made of a white
crystalline bitter tasting compound which is stable in normal storage condition and
insoluble in water. Commercially, the drug is available as a racemate mixture with
equal ‘laevo’ and ‘dextro’ isomers. The ‘laevo’ part have schistosomicidal activity in
vivo and in vitro. It is mainly available as 600mg crystalline tablets, but the generally
recommended dosage is 40mg/kg body weight in a single dose. A 600mg/5ml syrup
is also available for small children.”* Praziquantel is still the best drug for combating
infections from all five species of schistosomes afflicting humans, it has a cure rate

of 60-90 % in various epidemiological settings.*

Millions of people are given the drug yearly in sub-Saharan African nations courtesy
of various mass chemotherapy control programmes especially under the Bill and
Mellinda Gates Foundation sponsored Schistosomiasis Control Initiative (SCI).> In

the year 2002, WHO endorsed the drug safe for treating pregnant women as well as
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lactating mothers. However, total cures (100%) have scarcely been recorded in
areas that are endemic.” Praziquantel acts within an hour of oral ingestion but its
actual mechanism of action on the adult worm is not yet known. Laboratory studies

have

revealed that the drug causes contraction of tegumental vacuoles making the worm
to disengage from the wall of the veins and die. The calcium ion channel of the
schistosome worm has been indirectly established as the molecular target of the
drug.® An hypothesis to elucidate the mode of action of this drug states that it inserts
itself into the parasites membrane and produces lipid phase transition thus

destabilizing the membrane.”

Praziquantel negative effects are very mild and these include nausea, vomitting,
abdominal pain, malaise and in serious infections, intense colic and bloody diarrhoea
soon after treatment, which may be attributed to worm mass movement and antigen
release.” Praziquantel does not have effect on young worms both in vivo and in vitro.
This significant deficiency is responsible for poor cure rate as well as treatment
failure reported in some studies, especially in areas where transmission rate is very
high. To overcome this, two courses of drug administration was advocated which
gave a better cure rate.”* Extensive and intensive usage of the drug gave rise to
concerns on the emergence of drug-resistant mutants of the schistosomal parasites

and thus, the need for research into evolvement of new antischistosomal drugs.”

2.7 Schistosomiasis and cancer

Studies in Africa and the Middle East have been carried out which establish the
relationship between inflammation resulting from schistosomiasis and squamous cell

carcinoma of the bladder.” The International Agency for Cancer Research in
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association with World Health Organization categorized S. haematobium infection as
carcinogenic. S. mansoni and S. japonicum are associated with cervical, liver as well
as colorectal carcinomas.”® Deposition of parasite ova in the bladder leads to intense
inflammatory reactions that are linked to the release of oxygen-derived free radicals,
which aids the production of carcinogenic N-nitrosamines, and thus malignant
transformation. N-nitrosamine formation has been linked to chronic bacterial infection
in the urinary bladder due to schistosomal infections.>” Groeneveld and co-worker
stated in their work that eradication of schistosomiasis as well a timely detection of
bladder cancer will give room for efficient management of squamous cell carcinoma

of the bladder in African patients.

2.8 Combating Schistosomiasis in sub-Saharan Africa

Preventive chemotherapeutic approach using praziquantel is the most common
strategy to control schistosomiasis. It actually leads to decrease in schistosomal-
related morbidity but high disease reoccurrence and transmission of infection still
persisted. Hence, in order to support the benefits of the drug, it must be administered

at regular intervals for limitless period of time to prevent return of morbidity.”

The World Health Organization reported that as at 2010, 34.8 million people were
treated with praziquantel in 30 countries; the drug was made available through yearly
donation of 250 million tablets. The WHO set the goal of controlling schistosomiasis-
associated morbidity in all endemic countries by the year 2020. It aimed at
eliminating the disease in all endemic countries by the year 2025 and to interrupt
transmission of schistosomal infections in non-endemic regions like America,
Europe, East Mediterranean, South-East Asia, as well as some selected African

countries.”’
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Despite sub-Saharan Africa countries having the highest burden of morbidity and
mortality associated with the disease, limited efforts have been made in the control
of the disease until the introduction of Schistosomiasis Control Initiatives in 2002
(SCI).%° The SCI successfully instituted national schistosomiasis control programmes
in some sub-Saharan nations like Zambia, Mali, Tanzania, Burkina Faso, Niger and
Uganda. However, these programmes were not absolutely successful due to the use
of vertical mass drug distribution. The coverage of the programme was ineffective,

infants and preschool children were not administered the drug.®*

More so, below 50.0 % of the high risk population were given the drug while
individuals who were not infected with the disease were given due to the focus on
treating everyone without case finding. Thus, morbidity reduction was very low and
cessation of transmission very limited.®> Before 2013, over US$150 has been
exhausted on schistosomiasis and other NTDs in sub Saharan Africa nations and by
2013, there was an increase after the United State of America announced a fresh

funding for a initiative for combating NTDs.*

Realistically, most SSA countries cannot afford the estimated 1.2 billion tablets of
Praziquantel required to treat 400 million individuals per annum for 5 years at a total
cost of US$100 million,** thus, schistosomiasis control in these countries cannot be
achieved without foreign donor fundings.® Over the decades, the approach used in
sub-Saharan countries is aimed that reducing morbidity of infection,®* however, there
is dire need for sustainable strategies geared towards transmission control and
elimination of this impoverishing disease. Vaccines are known to be vital in disease
control and eradication; this was evident in the 1978 eradication of small pox.°°

There is a consensus among researchers in the field that effective control of

transmission and long term morbidity control can be achieved through the
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introduction of antischistosomal vaccines capable of building human immune

responses to parasite invasion.®* ©’

2.8.1 Improvement in water supply, sanitation and hygiene

Improved sanitation and access to good water supply are key factors in
schistosomiasis control and elimination.®* Advancement in water supply and
sanitation play a role in general economic development and growth of a country.®®
Campbell and colleagues ®° opined that there is need to progress from emphasis on
treatment of morbidity due to infection towards reduction in exposure to infection
through the implementation of Water, Sanitation and Hygiene (WASH) intervention
policy. Many authorities in sub-Saharan Africa are not dedicated to making available

clean water sources for their communities, and without accessibility to clean water,

eradication of schistosomiasis in sub-Saharan Africa will continue to be a mirage.

2.8.2 Educating people on behavioural changes

There is need to educate people, both young and old on the implication of voiding
their bladder and faecal waste into water bodies. This behavioural change will go a
long way in reducing contamination of water sources and thus lead to reduction in
the rate of transmission of schistosomiasis and some other water-transmitted
diseases. An intensified effort at educating people on the risk of schistosomal
infection and transmission is necessary to assist in achieving positive behavioural
changes as regard waste elimination and personal exposure to open water sources.’

Inhabitants of endemic areas need to be encouraged to reduce water contact as

much as possible in a bid to reduce schistosomiasis transmission.’
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2.8.3 Snail control

Though not in use in sub Saharan Africa, the use of molluscicides reduces snail
population but rarely eliminate the snails. This is because the snails recolonise their
habitat after a while, so regular and long-term application of the chemical is required.
Although, this control method was successfully used to achieve the eradication of
this disease in Morocco and Japan, it was also used in control programme strategies
in Egypt and China. Toxicity of the chemical to fish as well as other water-dwelling
organisms is of great concern ecologically and economically. Alternatives to
chemical-based molluscicides include the use of plant-based derivatives (e.g endod)

and biological control with snail competitors.*

2.9 Advances in schistosomal vaccine candidates

Sub-Saharan African researchers need to be aggressively involved in the on-going

search for alternative drugs or antischistosomal vaccines to overcome the inherent

challenges posed by this neglected but destructive disease of poverty. The foregoing
are some advances in vaccine discovery. Vaccine candidates for schistosomal
infections have been in different phases of development. Some vaccines are in pre-
clinical trial phase while some are in phase one and others in phase two clinical
trials. Examples include Fatty Acid Binding Protein (FABP), Calpain, Triose-
phosphate isomerase, and Tetraspanins, GST, and Paramyosin. The Calpain
subunit called Sm-p80 has been experimentally tested for its anti-fecundity and anti-
infective efficacy. Experimental mice vaccinated with DNA plasmids with Sm-p80
and interleukin-2 (IL-2) provided 59 % protection, while vaccination using plasmid
designed with Sm-p80 and interleukin-12 (IL-12) gave 45 % protection. The study

indicated that Sm-p80 is a good vaccine candidate for schistosomiasis and further
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advancement and optimization is needed for human trials.”" Triose-phosphate
isomerase (TPI) and tetraspanins are another group of antigens with promising
vaccine potentials; trials have been done on buffalos to determine the efficacy levels
of both vaccines on their own and fused together with heat-shock protein 70
(Hsp70). The vaccine constructs are SJCTP1-Hsp70 and SjC23-Hsp70; the former
was reported to be more successful as it produced a worm burden decrease of 51.2
%, liver egg decrease of 61.5 %, faecal waste egg reduction of 52.1 % and 52.1 %

decrease in hatching faecal miracidia.’”

Pearson and colleagues " also succeeded in producing a chimeric vaccine named
Sm-TSP-2. Their study indicated this vaccine antigen could be safely used against
schistosome adult worms and liver eggs as well as for the hookworm parasite. The
28 kDa GST recombinant protein (Sh28GST) from S. haematobium has been

experimentally tested as regards safety, immunogenicity as well as toxicity.

The vaccine candidate molecule, paramyosin (rSj97) recombinant fraction has also
been discovered to give protection together with immunogenicity in BALB/c mice.
The full length recombinant paramyosin protein elicited antibody responses in
humans with re-infection resistance.® However, till the moment, scientific hurdles and
socioeconomic factors remain major challenges towards successful transition of the
above mentioned vaccine candidates into forms that could be used for

schistosomiasis intervention in sub-Saharan Africa and other regions of the world.®’

2.10 Conclusion

For many decades, human schistosomiasis has been of great health concern
globally and mostly in communities of sub-Saharan Africa. The economic loss,

disability and agony caused by the various species of schistosomes cannot be over-
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emphasized. Concerted efforts should be made towards the elimination of this
disease of poverty in all countries in sub-Saharan Africa. The various authorities in
sub-Saharan countries should make provision of clean and safe water available for
the citizens. There should be constant awareness programmes to educate the
populace on the prominence of sanitation and hygiene in achieving disease control
and the effect of schistosomiasis on the quality of life and general well-being of

people.

Most importantly, it is hoped that this review will generate new interest among
researchers in sub-Saharan Africa towards further scientific discoveries to combat
schistosomiasis, in terms of alternative drugs to address re-infection and resistance,
vaccine discovery, formulation of point-of-care diagnostics, snail control and other
germane discoveries that will serve as guide to voting-off schistosomiasis in sub-

Saharan Africa and some other endemic regions of the world.
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Figure Legends:

Fig. 2.1. Life cycle of Schistosoma 1. Definitive host, 2. Schistosome eggs
released in urine or faeces of definitive host, 3. Free-swimming miracidia from eggs,
4. Intermediate host, 5. Cercaria (penetrates skin, loses its tail and transforms into
schistosomulum), 6. Paired adult worm (schistosomulum migrates to the hepatic
portal system; adult worms mature in pairs in the veins surrounding the bladder,
intestines or liver. They produced eggs, which majority are eliminated in urine or
feces of definitive host to the environment. The eggs hatch liberating miracidia to

restart the life cycle.”

Fig. 2.2: Map of Africa showing ranking of estimated schistosomiasis burden
in sub-Saharan African (SSA) countries. Schistosomiasis prevalence in SSA is
documented to be 192 million, which is 93% of the total global prevalence of the
disease. A total of 29 million people is infected by this disease in Nigeria, 19 million
in Tanzania, 15 million each in Democratic Republic of Congo and Ghana, while
Mozambique with 13 million people completes the top five countries with highest

prevalence in SSA. This prevalence figures by country is represented by a pie chart
as a ratio of the total disease burden in SSA using a normalization figure of 0.0069.
The prevalence figures is taken from Hotez and Kamath (2009), while prevalence

map was generated using the ArcGIS software.
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Fig. 2.1: Lifecycle of Schistosome. Developmental stages are shown. The labelling is presented in
the figure legend.
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Fig. 2.2: Map showing prevalence of schistosomiasis. Disease still prevalent in sub-Saharan
Africa countries.
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3.1 Introduction

Due to the evolution of genomic information mining, numerous databases have been
generated which are committed to accommodating genomic data of different
species. Assigning structure as well as function to every single gene and gene
product (protein) of all organisms epitomises a chief task in the present post-
genomic era. Three-dimensional (3D) protein structures are very crucial for the
rational design of various kinds of biological experiments such as site-directed
mutagenesis and structure-based detection of specific inhibitors. Yet, the amount of
proteins characterized structurally is minute in comparison to the number of identified
protein sequences. Thousands of experimentally determined protein structures have
been deposited in the Protein Data Bank, while millions of protein sequences are
deposited in the UniProt protein knowledge database (Westbrook et al., 2003;

Bairoch et al., 2005).

Diverse computational approaches for modelling 3D structures of proteins have been
evolved to solve the disparity between the large number of protein sequence
available and the amount of 3D structures. More so, the 3D structure of protein is
better conserved than the sequence and it is relatively easier to identify homologous
proteins with a known structure (template) for a particular protein sequence (target)

(Arnorld et al., 2006).

Several bioinformatics tools and a collection of online databases are available for
achieving the prediction of various protein structure and functions (Kanehisa and
Bork, 2003; Yang et al.,, 2015). In the course of in-silico studies, homologous

proteins are identified and then matched based on their functional and structural
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properties to identify unfamiliar ones. Protein structure prediction with computational
analysis can encompass search for similar sequence, multiple sequence alignments,
domain identification and characterization, secondary structure prediction, prediction
of solvent accessibility, protein fold recognition, building of 3D model and model

validation (Edwards and Cottage, 2003; Yang et al., 2015).

Additionally, bioinformatics is also useful in the examination, establishment, and
ranking of biological candidate genes. Protein-protein interactions may be used to
detect disease-related complexes. This approach puts the prospective disease-
causing proteins in a functional context in relation to other identified or unidentified
disease-associated proteins; hence systematic research on such complexes can
reveal new candidate genes for disease intervention (; Lage et al., 2007; Banasik et
al., 2011). Furthermore, the data obtained from in-silico studies can be utilized as a
guide to laboratory experiments to confirm predicted properties which might
subsequently lead to the discovery of novel therapeutic proteins required for disease

intervention.

3.2 Materials

The databases, tools and software used for computational analysis in this study are

presented in the Table 3.1a and 3.1b.
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Table 3.1a: Databases and their respective URL for in-silico analysis

Databases

National Center for Biotechnology Information (NCBI)

Expert Protein Analysis System (ExPASY)
EMBL-EBI

Swiss-model

Protein Data Bank (PDB)

Conserved Domain Database (CDD)
Sable
GalaxyRefine

ASAView

URL

http://www.ncbi.nlm.nih.gov/

http://www.expasy.org/

http://www.ebi.ac.uk/

http://swissmodel.expasy.org

http://www.rcsb.org/pdb/home/home.do

https://www.ncbi.nlm.nih.gov/Structure/cdd/w

rpsb.cqi
http://sable.cchmc.org/

http://galaxy.seoklab.org/cgi-
bin/submit.cqi?type=REFINE

http://www.abren.net/asaview/

Table 3.1b: Software and tools, and their respective URL for in-silico analysis

Software and Tools

Basic Local Alignment Search Tool (BLAST)
Constraint-based Multiple  Alignment
(COBALT)

ProtParam

Tool

PSl-blast based secondary structure prediction

(PSIPRED)

YASPIN secondary structure prediction
RAMPAGE

Chimera
PredictProtein (PP)

3DLigandSite

Pymol
Antigenic determinant
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URL
http://blast.ncbi.nlm.nih.gov/Blast.cqi

www.ncbhi.nlm.nih.gov/tools/cobalt/cobalt.cqgi

http://web.expasy.org/protparam/

http://bioinf.cs.ucl.ac.uk/psipred/

http://www.ibi.vu.nl/programs/yaspinwww/

http://mordred.bioc.cam.ac.uk/~rapper/rampage.p

hp
http://www.cgl.ucsf.edu/chimera/

www.predictprotein.org/

http://www.sbg.bio.ic.ac.uk/3dligandsite/3dligand

report
https://www.pymol.org/

http://imed.med.ucm.es/Tools/antigenic.pl



http://www.ncbi.nlm.nih.gov/
http://www.ebi.ac.uk/
http://swissmodel.expasy.org/
http://www.rcsb.org/pdb/home/home.do
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE
http://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE
http://www.abren.net/asaview/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ncbi.nlm.nih.gov/tools/cobalt/cobalt.cgi
http://web.expasy.org/protparam/
http://bioinf.cs.ucl.ac.uk/psipred/
http://www.ibi.vu.nl/programs/yaspinwww/
http://mordred.bioc.cam.ac.uk/~rapper/rampage.php
http://mordred.bioc.cam.ac.uk/~rapper/rampage.php
http://www.cgl.ucsf.edu/chimera/
http://www.predictprotein.org/
http://www.sbg.bio.ic.ac.uk/3dligandsite/3dligand_report
http://www.sbg.bio.ic.ac.uk/3dligandsite/3dligand_report
https://www.pymol.org/
http://imed.med.ucm.es/Tools/antigenic.pl

3.3 Methods

3.3.1 Retrieval of G4LZI3 sequence

The NCBI database (Geer et al., 2010) was searched to obtain the coding sequence
of the Universal Stress Protein G4LZI3. The mRNA sequence consisting of the
coding region (exons) without the non-coding regions (introns) was retrieved. The
MRNA sequence was thereafter translated into amino acid sequence on ExPASy

(Artimo et al., 2012) using the translate tool.

3.3.2 Nucleotide Analysis

The target protein sequence was blasted for non-redundant protein sequences from
the NCBI database using the PSI-BLAST tool (Johnson et al., 2008; Boratyn et al.,
2013). The megablast option for extremely similar sequences was selected. A
graphical summary of the BLAST results as well as a visual representation of the
results for the G4LZI3 sequence was obtained. Additionally, homologous sequences
that produced significant alignments with the G4LZI3 protein sequence were also

derived.

3.3.3 Identification of conserved domain

Conserved domain analysis of the full length G4LZI3 was done on the NCBI
Conserved Domain Database (CDD) using the artificial neural network (ANN) for the
recognition of domains in protein sequences. The domain recognition was
established based on the distribution of BLAST scores for previously computed

known domain groups in the NCBI database (Murvai et al., 2001).
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3.3.4 Multiple sequence alignment

Multiple sequence alignment of G4LZI3 was done with COBALT on NCBI website.
Twenty selected homologous sequences of the query protein (G4LZI3) were aligned
with the query sequence in order to rewrite the selected sequences in a way that
similar features end up in the same column. The aim behind the multiple sequence
alignment is to position nucleotides in the same column due to their similarity based
on specific criteria such as functional similarity, structural similarity, sequence
similarity and evolutionary similarity (Notredame, 2002; Claverie and Notredame,
2006). In this study, the objective is sequence similarity, this implies that the
nucleotides found in the same columns produced alignments with maximum

similarity.

3.3.5 Generation of phylogenetic tree

The evolutionary distance between homologous sequences was visualized through
the generation of phylogenetic tree. The tree was produced with Blast-pairwise
alignment on the NCBI server. The parameters used for generating the tree include;

Neighbourhood joining tree method with a maximum sequence difference of 0.85.

3.3.6 Analysis of the physico-chemical properties of G4LZI3

ProtParam (Gasteiger et al., 2005) an online tool on the EXPASy website was used
to compute a histogram revealing the percent amino acid composition as well as the
physico-chemical properties of G4LZI3 using the protein sequence. Aside the amino
acid composition, other physicochemical properties computed with the ProtParam
tool include the molecular weight, theoretical isoelectric point, extinction coefficient,
atomic composition, estimated half-life, instability index (pl), aliphatic index as well as

grand average of hydropathicity (GRAVY).
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3.3.7 Secondary structure prediction

Prediction of the secondary structure of G4LZI3 was done using SABLE prediction
server, PSIPRED secondary structure prediction tool and YASPIN online server {see
appendix for YASPIN G4LZI3 secondary structure prediction} (Jones, 1999; Porollo
et al., 2004; Buchan et al., 2013). SABLE prediction server was used to achieve the
prediction by scanning the submitted protein sequence against a large sequence
database with the use of PSI-BLAST. Thereafter, the profile produced by PSI-BLAST
was processed by the neural network secondary structure prediction program.
Alpha-helices, beta-strands and coils found in the protein were then presented
graphically. PSIPRED is a secondary structure prediction method which integrates
two feed-forward neural networks that perform an analysis on output acquired from
PSI-BLAST (Position Specific Iterated-BLAST). It is used to predict a protein

secondary structure from its primary sequence.

3.3.8 Homology Modelling and 3D Structure Determination

The homology model of G4LZI3 was generated using Swiss-model tool. The Swiss-
model workspace is an integrated web-based modelling system used to generate a
homology model for the protein. Library of experimentally determined protein
structures was searched to identify suitable template. Based on the sequence
alignment between the G4LZI3 protein and the template structure, a 3D model for
the G4LZI3 protein was generated. Furthermore, the Swiss-model server was also
used to estimate the reliability of the built 3D structure through the QMEAN score.
Thereafter, the model was viewed with PyMol (The PyMol Molecular Graphics

system, Version 1.8 Schrodinger, LLC).
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3.3.9 Confirmation of the accuracy of homology model

The predicted 3D homology models of G4LZI3 protein generated with Swiss-model
was validated for accuracy using RAMPAGE. The RAMPAGE tool was used to
generate Ramachandran plots (Ramachandran et al., 1963; Lovell et al.,, 2003)
which evaluates the protein PDB coordinate models and stereochemistry of the
model.

3.3.10 Structure refinement of G4LZI3 3D homology model

Structural refinement of the modelled structure was done using the GalaxyRefine
web server for protein structure refinement (Heo et al.,, 2013). The structure

generated was visualised and further analysed with Chimera (Pettersen et al., 2004).

3.3.11 Assessment of solvent accessibility

Accessible surface area of G4LZI3 was estimated with the ASAView server
(Shander et al., 2004). The server offers graphical depiction of solvent accessibility
of amino acid residues present in proteins with known structures. The 3D model of
G4LZI3 was used on the server to compute the solvent accessibility. The absolute
surface area (ASA) of individual amino acid residue provided by DSSP (database of
secondary structure assignments) program was converted to relative values of ASA.
Two types of plots were generated; a Spiral Plot which makes it possible to quickly
notice the surface residues in a protein, and a Bar Plot which show relative solvent
accessibility of amino acid residues in form of a bar chart. Amino acid residues are

organised in the order in which they exist in the original structure.

3.3.12 Analysis of binding sites present on G4LZI3
The binding regions present on the protein were determined computationally on the
PredictProtein server with two methods; ISIS2 which predicts protein-protein binding
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sites and SomeNA (which predicts polynucleotide binding site). ISIS2 is a machine
learning-based procedure which detects interacting residues from protein sequence.
It involves using transient protein-protein interfaces from the complexes of
experimentally determined 3D structures by combining predicted features with
evolutionary information. On the other hand, SomeNA is based on the use of a set of
artificial neural network to distinguish between residues of proteins partaking in
polynucleotide binding and residues of those that are non-binding (Ofran and Rost,

2007).

3.3.13 Determination of G4LZI3 subcellular localization

LOCTree2 algorithm was used on the PredictProtein server to predict the subcellular
localization of G4LZI3. To achieve this, LOCTree2 retrieved a PSI-BLAST profile of
G4LZI3 sequence through the PredictProtein pipeline. The profile obtained was
utilized for a PSI-BLAST search of a close homologue in the database of proteins
that have been experimentally determined. The annotation of the homologue was

then transferred to the query protein (G4LZI3) automatically (Goldberg et al., 2012).

3.3.14 Assessment of antigenic determinants/epitopes

The presence and position of antigenic epitopes on G4LZI3 was evaluated with the
antigenic peptide prediction tool on the bioinformatics server of Immunomedicine
Group of the Universidad Complutense de Madrid (Alvarez et al., 2016). The
program predicts the segments within the protein sequence which are expected to
be antigenic by stimulating an antibody response. Predictions are based on a
method which involve the use of data which reflects the amino acid residues in
experimentally determined segmental epitopes. The accuracy of this method for
predicting antigenic determnants is 75 % (Kolaskar and Tingankar, 1990; Alvarez et

al., 2016).
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3.3.15 Gene ontology prediction

Gene ontology (GO) entailed a prediction of the likely molecular function, cellular
component and biological process in which G4LZI3 could be involved. The GO
prediction was done on the Predictprotein online server. It entails the use of a
method known as Metastudent, which involves prediction of Gene Ontology terms
through the use of already annotated homologous proteins. Firstly, a PSI-BLAST
guery was performed on the database of all proteins with known functions. The result
was thereafter sent to each base classifier that compiles the GO terms of the BLAST
hits, their cut-off score (e-values) as well as sequence identities into a list of

predicted GO terms.

Thereatfter, the meta-classifier finally gathers all predictions from the base classifiers
and pools them together in an optimum way. Metastudent accomplishes its state-of-
the-art accuracy through extremely optimized free parameters namely; PSI-BLAST,
e-Value cut-off, scoring scheme parameters, number of iterations and by
concentrating only on the up-to-date experimentally determined GO term annotations

(Hamp et al., 2013).

3.4 Results

3.4.1 Retrieved sequences for G4LZI3

Fig. 3.1 shows the DNA sequence with a total of 184 amino acids retrieved from the
NCBI nucleotide data base. The initiation codon is highlighted in red while the stop
codon is highlighted in purple. The total number of nucleotide present in the
sequence is 55bp. The FASTA format of the protein sequence of G4LZI3 is

presented in Fig. 3.2.
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NCBI Reference Sequence: Smp_076400
>gi|350645018|emb|CCD60301.1| Universal stress protein G, putative [Schistosoma

mansoni]

ATGTCAGAAACAGAACAACCTTCGACTTCCGACGGATTAGATATTGGAGAAACGAAAGGAAC
TATATCAATGACTGATGCAACACGTAAAGTATTAATGCCGGTCGATGGAAGTGAACATAGTG
AAAGAGCATTCAATTGGTATATGGATAATGTTATGAAAATAACTGATGGTTTATATCTAGTT
CATATTGTAGAACCATTATCACAAGGATTGAATTATAATCTTGCAAGTAAATCTCCCTCTAT
AAAAGATGATTTTTCAAAACATCTAAATTCACTTGTTGAATCTGGTCGTGCATTACGTGCTA
AATTTTTTACACGTTGTGAAGATAGTGGTTTATCAGCAAGATTTACCATACACGTTGGTACT
AAACCAGGTGAAAATATTGTACGTATCGCCCATGAACATGGAGTTGATTTAGTTATTATTGG
AAATCGTGGTATTGGAACAGTAAAGAGAACATTTTTAGGTAGTGTAAGTGATTATGTTTTAC
ATCATGCCAATGTTCCTGTTATTATAATACCACCACCTAAACATCCAAAGAAAAAATAA

Fig. 3.1: DNA sequence of Universal Stress Protein G4LZI3. The initiation codon is highlighted in
red while the stop codon is highlighted in purple.

MSETEQPSTSDGLDIGETKGTISMTDATRKVLMPVDGSEHSERAFNWYMDNVMKI
TDGLYLVHIVEPLSQGLNYNLASKSPSIKDDFSKHLNSLVESGRALRAKFFTRCEDS
GLSARFTIHVGTKPGENIVRIAHEHGVDLVIIGNRGIGTVKRTFLGSVSDYVLHHANV

PVIIIPPPKHPKKK

Fig. 3.2: FASTA format of G4LZI3. The protein sequence in FASTA format is used as starting point
for most computational analysis.

3.4.2 BLAST results for the nucleotide sequence

Fig. 3.3 is a graphical representation of the BLAST results for the G4LZI3 sequence;
the top red bar indicated the query sequence. Every other bar represents a portion of
a different sequence which is similar to the query sequence alongside the region of
the sequence where the similarity occurs. Fig. 3.4 shows a segment of the list of
homologous sequences that produced significant alignments with the G4LZI3 protein
sequence. The e-values as shown in the table are the expected values; it is the
number of times the database match might have occurred randomly. The value
offers a criterion that gives more objectivity over the percentage-of-similarity or the

identity values (Claverie and Notredame, 2006). Hence, a good match can be
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regarded as one which is highly unlikely to happen by chance. The lower the e-value

the higher the authenticity of the selected sequence.

Putative conserved domains have been detected, click on the image below for detailed results.
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Fig. 3.3: Graphical summary of BLAST results using PSI-Blast iteration. The top red bar
represents the query sequence. Other bars represent a portion of other sequences similar to the
query.
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21192017 NCBI Blast:refiXP_018646651.1| (184 letters)
Description Max Total Query E Ident Accession Select Used
score score cover value for to
PSI build
blast PSSM
Universal stress protein G, XP 0186466511 (scored
putative [Schistosoma 37e 379 100% 2e-133 100% below threshold on J
mansoni] previous iteration)
Universal stress profein XP_012797855.1 (scored
[Schistosoma 337 337 93% Ge-117 95% below threshold on /
haematobium] previous iteration)
cored
SJCHGCO5760 protein (s
: : . 295 205 20% Te-100 85% below threshold on
[Schistosoma japonicum)] prwicn Rocalion) /
universal stress protein in
GEIIEnyares: 23 238 100% 277 57% e v
3'region [Clonorchis R
g z previous iteration)
sinensis]
hypothetical protein XP_009168901.1 (scored
T265_05585 [Opisthorchis 218 218 2% 1e-69 56% below threshold on /
viverrini] previous iteration)
Universal stress protein A- EUBS93021 (scored
like protein [Echinococcus 193 103 85% 1e-59 51% below threshold on /
granulosus] previous iteration)
universal stress protein CDI9G6922.1 (scored
[Echinococcus 193 193 85% 2e-59 50% below threshold on /
multlocularis] previous iteration)
universal stress protein A- (scored
like protein [Clonorchis 149 149 85% Be-43 44% below threshold on /
sinensis) previous iteration)
Universal stress protein XP 0127927181 (scored
[Schistosoma 149 149 83% 1e-42 42% below threshold on /
haematobium] previous iteration)
universal stress protein in (scored
QAH:0AS [Hymenolepis 149 149 86% 1e-42 44% below threshold on /
microstoma] previous iteration)
putative universal stress XP 0186519751 (scored
protein [Schistosoma 147 147 83% 3e-42 41% below threshold on /
mansoni] previous iteration)
hypothetical protein (scored
T265_04215 [Opisthorchis 147 147 2% Ge-42 41% below threshold on /
viverrini] previous iteration)
- = (scored
Universal stress protein
[Schistosoma japonicum] 146 146 84% 1e-41 43% below threshold on /
previous iteration)
universal stress protein CDS34008.1 (scored
[Hymenolepis 145 145 83% 2e-41 44% below threshold on /
microstoma] previous iteration)
2 . ed
Universal stress protein CAX78042.1 (scor
[Schisiosoma japonicum] 145 145 84% 2e-41 42% below threshold on /
previous iteration)
" . CAX718021 (scored
Universal stress prosin 145 145 84% 2e-41 43% below threshold on v
[Schistosoma japonicum] S n et g
previous iteration)
k . ed
Universal stress profein CAXT6043.1 (scor
2 . : 145 145 84% 3e-41 43% below threshold on
[Schistosoma japonicum] previous ilration) /
X A ed
Universal stress profein CAX718011 (scon
i . 7 145 145 84% 3e-41 42% below threshold on
[Schistosoma japonicum] ik i) /
. x ed
Universal stress protein {scor
[Schisiosoma japonicum] 143 145 84% 3e-41 43% below threshold on v
previous iteration)

Fig. 3.4: A segment of protein sequences that produced significant alignments with G4LZI3.
Homologous sequences of G4LZI3 with their accession numbers.
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3.4.3 Multiple sequence alignment (MSA)

The alignment result from COBALT is presented in Fig. 3.5a and Fig. 3.5b while
Table 3.2 depicts the summary of the homologous sequences that produced the
alignment. Multiple sequence alignment with no gaps is coloured blue or red.
Wherever 50 % of the sequence consists of gaps, they are presented in grey
uppercase while greater than 50 % are in grey lowercase. The red colour indicates
highly conserved columns while the blue shows less conservation. The numbers
represent the relative entropy threshold that needs to be attained for an
alignmentcolumn to be presented in red. A high number shows greater degree of

conservation.
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XP 818646651 1 M3ETeqpstsdgldigetKGTISMTDAT-------- REK - -VLMPVDGSEHSERAF NWYMONVMKITDGLYLVHIVEPLS) 7@
XP @12797855 1 M5ETeqpstsdgldigetKGATSMNDVT - ------~ RE--VLMPVDGSEHSERAF NWYMDNLMETTDGLYLVHIVEPLSP 7@
AAPBG495 1 MsEleqqstsdglyigenkKGITEMSKNT-------- RE--VLMPVDGSEHSERAF NWYMDNIMKTTDGLYLVHIVEPLLP 7@
GAA3IBS93 1 M5DEprfslspstdsvesCGNTKLADAS-------- RH- -ILMPVDGSKHSERAF RWYLDHIMRPGDGLYLTHVVEPMSP 7@
XP @e9168961 1 MSEEprfslspstdsvesCGNAKLADAS-------- RH--ILMPVDDSKHSERAFRWYLDHIMRPGDGLYLTHVVEPMSP 7@
EUB55382 1 M55PptplasdpptqrahQ5TTRSNSESedylanvikRR - -VLLSIDANENSSRAFEWYTNNFAREDDGLLLVHWWEPYVST 78
CDT96922 1 Mi5PptplasdpptqrahQCSTRSNSESedylanvkRR--VLLSIDANENSNRAFEWYTNNFAREDDGLLLVHVVEPYST 78
GAA41511 1 mmmmmmmmemme e e e - - MASARVNEKP - - - - - - - - RT--IVLPVDGSEHSERAF RWYLNNVMOPNDNVEFVNIIEPVYT 52
XP 812792718 1 MTDA-=====mmmmmmmmmmmm e GES5-------- RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCITFVHVIEPVYN 5@
0535871 1 MF5 -------hRSLONLNVPT - - -mfndpR{- -VLLPVDKSESSKKAMTWYMANIFRPTOVIHLLHICEPSYA 62
XP 818651975 1 MAES == nnssncasnnns SDP5-------- RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCITFVHVIEPAYN 58
XP BB9167172 1 MVTPyvsdedgltqpfdaMASAGVNEKP-------- RT--IVLPVDGSEHSERAFRWYMNNVERPNDNVEFINIIEPVYT 7@
CAXTB981 1 MWNE============s==s====== BELS======== RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCIKFVHVWEPAYN 5@
CD534898 1 Meeersmsnssesnssnnannnns SDCK-------- KVrVLFPIDSSENCERAFKWYEANLRKEPODFIYFIHVIEPWYT 49
CAXTBR42 1 MVNE--=-=====-mcecmcmau- SEYS-------- RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCIKFVHWVEPWVYS 5@
CAXT1B82 1 MWNE============s==s==s==== SEXS======== RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCIKFVHWVEPIYS 5@
CAXT65843 1 MG -=r=rrnsnssasnnnnns SEYS-------- RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCIKFVHVVEPAYN 5@
CAXT1881 1 MVNE--=-=====-mcecmcman- SECS-------- RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCIKFVHWWEPWVYS 5@
CAXTBB3E 1 MWNE============s==s====== SEXS======== RV--ILIPIDGSDHCDRAFRWYLENMKRDTDCIKFVHWVEPYVYS 5@
XP B&9167219 1 =======-—-------—-MASAG- EDKP-------- RT--VIFPIDGSEHCERAFQWYVONAKRPNDNVEFISVIEPWT 51

XP 818646651 71  GLNYNLASKSPSI-kDDFSKHLNSLVESGRALRAKFFTRCEDSGLSARFTIHVGTKPGENIVRIAHEHGVDLVIIGNRGI 149
XP @12797855 71  GLNYNLASKSPSI-kDDFSKHLNSLVESGRALRAKFFTRCEDSGLSARFTIHVGTKPGENIVRIATEHGVDLVIIGNRGI 149

AAPBE49S 71  GLNYNLACKSPSI-KEDFSTHINSLVESGRALRAKFFTRCEESGLTARFTIHVGTKPGENIVRLANEHGANLVIIGNRGI 149
GAAIB593 71  ALDYAKASKSPAI -kEELNRHINELVQGGRVLRAKFIAECESRDLPAKFTLHVGSKPAEHIVRLAQEQGFDMIVMGNRGI 149
XP_R@91689691 71 GLOYAKASKSPAI-KEEFNRHINELVOQGGRVLRAKFIAECESRDLPAKFTLHVGSKPAEHIVRVAQEHGYDMIVMGNRGY 149
ELUBS9382 79  SINYGLASKPAFI-tDDFSRHIQELVDEGRELGKRYLHKCKGTGIRVRFMLHIGAKPGEHICRLAKEQOVDVIVMGSRGM 157
CDI96922 79  SINYGLASKPAFL-tDDFSRHIQELVDEGRELGKRYLYKCKGTGIRVRFMLHIGAKPGEHICRLAKEQQVDVIVMGSRGM 157
GAS4]511 53 SPGFGAAIELPSL--PDVSRVMAETVEAGKKLCQEKMHOAKAYNINSQAF LHVDSRPGPAIVEAVQDYNADLVIMGNRGI 138
XP_@12799718 51  TPAIGMTMESPPI - -FDMTRVMEESIEQGEKLGOKYMHEAKSHE LNAKAFLHVDTEPGSS LVEAISDHKANVILMGNRGL 128
05356871 63  ANNFSLTTIGQSK-tNEINAMLQEHIELSNTLSHDFLSRLEDKGVSGDFTLTVGTKPGEMIVAKARDLNIDLIVMGNRGY 141

XP_R1B651975 51  TPAIGMTMESPPI--PDMTRVMEESIEQGKELGOKYMHEAKSYK LNAKAFLHVDTEPGSSLVEAISDHKANVILMGNRGL 128
XP_809167172 71  SPGFGAALELPPL - -FDVSRWVMTETVETGKKLCQEKMHOAKACNINSQAF LHVDSRPGPAIVEAVQDYNADLVVMGNRGI 148

CAXTEOR] 51 IPTTGLTMDLSPV--PDMTQALEASIASGKKLGOKYIHEAKSYKLSAHAFLHVDTEPGSSLVEATSEHKADVILMGSRGL 128
CD534808 58 TPAIGLAMESPPMvwvDDMTRVMEESIASGKKLGOKYMQLAKDEK LECKAFLHVDTKPGAAICKSAIDHEADIIVIGSRGL 129
CAXTERAD 51 TPPFGLA-DNYTM--PDITQVMEISIENGRELGQKYIHEAKSYKLSAHAFLHVDTEKPGSSLVEATSEHKADVILMGSRGL 127
CAXT1RB2 51 TPSIGLA-DNYTM--PDITKVMEISTENGRELGOKYIHEAKSYKLSAHAFLHVDTKPGSSLVEATSEHKADVILMGSRGL 127
CAXTE843 51 IPTTGLTMDLSPV--PDMTQALEASIASGKKLGOKYIHEAKSYKLSAHAFLHVDTEPGSSLVEATSEHKADVILMGSRGL 128
CAXT1EB] 51 TPPFGLA-DNYTM--PDITQVMEISIENGKKLGOKYIHEAKSYK LSAHAF LHVDTKPGSSLVEAISEHKADVILMGSRGL 127
CAXTRAIR 51 TPSIGLA-DNYTM--PDITKVMEISTENGRELGOKYIHEAKSYKLSAHAFLHVDTEPGSSLVEATSEHKADVILMGSRGL 127

XP_@99167219 52  SPAFGMAMETPPL - -PDVHRVMEETIQEGKKICQDKMKKAKSLNLESQAFLHVDSRPGPAIVKAVQEHGGNLVVMGNRGI 129

XP_@818646651 158 GTVKRTFLGSVSDYVLHHANVPVIIIPPPEHP--------------kKK---- 184
XP_@12797855 158 GTVKRTFLGSVSDYVLHHANVPVIIIPPPEHP--------------kKK---- 184
AAPRE4DS 158 GTVKRTFLGSVSDHVLHNVNVPVIIIPPPEHP--------------kKK---- 1B4
CAAIBEO3 158 GTIRRTFLGSVSDHITHNAGLPVIIVPPPEVP--------=-=---k(QK---- 184
XP_0091689641 158 GTIRRTFLGSVSDHITHNAGLPVIIVPPPEWP--------------kKK---- 184
EUB55382 158 GRIRRTLLGSVSDFVLHHAGIPVWVWIPPPEKPststsgsedtsesakKRgslp 21@
CDISG922 158 GRIRRTLLGSVSDFVLHHAGIPVVVIPPPEKPststsgsedtsesakKRgsvp 21@
CAR41511 131 GTVRRTFLGSVSDYVLHHSHAPVWIVPPNATER-------=-=-----K---- 154
XP_@12792718 129 GAIRRTFLGSVSDYVLHHAHIPVVIVPPQE 168
CD535871 142 STLKRTFIGSVSDYVLRHSTVPTTVWP----- 134
XP_B1B651975 129 GAIRRTFLGSVSDYVLHHSHIPVVIVPPQE 168
XP_@09167172 149 GTVRRTFLGSVSDYVLHHSHAPVVIVPPNATER---------------K---- 182
CAXT@o8] 129 GAIRRTFLGSVSDYVLHHAHIPVWIIPPQD----------------- KQ---- 168

Fig. 3.5a: Multiple sequence alignment of 20 selected homologous protein sequences from
NCBI. The red colour indicates highly conserved columns while the blue shows less conservations.
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Chs34808 13@ 159
CAXTRO42 128 159
CAXT1E02 128 159
CAXTE043 129 168
CAXT1E8] 128 159
CAXTEOIR 128 159
XP @eole72]19 138 163

Fig. 3.5b: (continued): Multiple sequence alignment of 20 selected homologous protein
sequences from NCBI. The red colour indicates highly conserved columns while the blue shows less

conservations.

Table 3.2: List of 20 homologous sequences that produced significant alignment. Shown are
the accession number and brief description of the source.

Accession number
XP_018646651.1
XP_012797855.1
AAP06495.1

GAA30593.1

XP_009168901.1
EUB59302.1
CDI196922.1
GAA41511.1
XP_012792718.1
CDS35071.1
XP_018651975.1
XP_009167172.1
CDS34098.1
CAX78042.1
CAX71802.1
CAX76043.1
CAX71801.1
CAX78038.1
XP_009167219.1

Description

Universal stress protein G, putative [Schistosoma mansoni]
Universal stress protein [Schistosoma haematobium]
SJCHGCO05760 protein [Schistosoma japonicum]

Universal stress protein in QAH/OAS sulfhydrylase 3'region
[Clonorchis sinensis]

Hypothetical protein T265_05585 [Opisthorchis viverrini]
Universal stress protein Alike protein [Echinococcus granulosus]
Universal stress protein [Echinococcus multilocularis]

Universal stress protein Alike protein [Clonorchis sinensis]
Universal stress protein [Schistosoma haematobium]

Universal stress protein in QAH:OAS [Hymenolepis microstoma]
Putative universal stress protein [Schistosoma mansoni]
Hypothetical protein T265 04215 [Opisthorchis viverrini]
Universal stress protein [Hymenolepis microstoma]

Universal stress protein [Schistosoma japonicum]

Universal stress protein [Schistosoma japonicum]

Universal stress protein [Schistosoma japonicum]

Universal stress protein [Schistosoma japonicum]

Universal stress protein [Schistosoma japonicum]

Hypothetical protein T265 13453 [Opisthorchis viverrini]
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3.4.4 Analysis of phylogenetic relationship
Phylogenetic tree presented in Fig. 3.6 shows the evolutionary relationship between
homologous sequences of G4LZI3. The homologous sequences are shown to be

phylogenetically closely related because they form close cluster in a clade.
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|0.1 |

Clonorchis sinensis(dbj GAAS56132.1)

flatworms | 6 leaves

flatworms | 27 leaves

sea anemones | 2 leaves

flatworms | 3 leaves

flatworms | 3 leaves

Nematostella vectensis(reffXP_001637863.1)

O Acropor digitifera(refiXP_015764710.1)

flatworms | 2 leaves
Schistosoma japonicum(gb| AAP06495.1)
Schistosoma haematobinm(reflXP_012797855.1)

O uoknown(1clQuery_63830)
9

Schistosoma mansoni(ref[XP_018646651.1)

Fig 3. 6: Phylogenetic tree for G4LZI3 homologues. The query sequence, G4LZI3 is highlighted in yellow. The close closely clustered clades shows

evolutionary relationship between the homologues.
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3.4.5 Identification of conserved domains

Conserved domain analysis done on CDD showed that the protein has the following
domains; Usp-like domain, Usp domain, UspA domain, NaH-Antiporter C domain
and STK-N domain. Table 3.3 shows the domain hits, their accession numbers,
intervals and their e-values. Fig 3.7 depicts a screenshot of the CDD with the

domains shown.

Table 3:3: List of domain hits in G4LZI3. The accession number, interval and e-values are also
shown.

Name Accession Interval e-value

USP_Like cd00293 30-172 5.52e-26
Usp pfam00582 29-172 4.10e-24
UspA COG0589 29-172 1.00e-18
NaH_Antiporter C ¢d01988 130-172 8.33e-03
STK_N cd01989 35-168 9.91e-03

Conserved |
Domains .
MNewSearch | Structure Home | 3D Macromolecular Structures ‘ Conserved Domains | Pubchem | BioSystems |
Conserved domains on [lcl|seqsig MSETE_fe75f6f506f3acfef09355e93c4448ce] view |Full Resuts v
Local query sequence
Protein Classification ol

universal stress protein (domain architecture ID 10084616)
universal stress protein (USP) enhances the rate of cell survival during prolonged exposure to stress agents

Graphical summary Zoom to residue level ELGRSUER LR L]

1 2 50 e 100 128 180 178 184
Query seq. Lisand Binding Site
Specific hits USP_Like

Usp

Uspht
Non-specific Na_H_fntiporter_C
hits STRN
Superfanilies AANH_like superfamily

Search for similar domain architectures | @ Refine search |
List of domain hits d
Name Accession Description Interval E-value

[+] USP_Like cd00293 Usp: Universal stress protein family. The universal stress protein Usp is a small cytoplasmic 30172 552e-26
[+] Usp pfamD0582 Universal stress protein family; The universal stress pretein UspA is a small cyteplasmic ... 29-172 4.10e-24
[+ UspA COGD589 Nucleotide-binding universal stress protein, UspA family [Signal transduction mechanisms]; 29172 1.00e-13
[+ Na_H_Antiporter_ C  cd01388 The C-terminal domain of a subfamily of Na+ /H+ antiporter existed in bacteria and archea . Na 130-172  8.33e03
[+ STK_N cd01989 The N-terminal domain of Eukaryotic Serine Threonine kinases. The Serine Threcnine kinases 35-168 99103

Fig. 3.7: Screen shot of the conserved domain of G4LZI3. Domain analysis of the protein revealed
five domain hits
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https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd00293
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=pfam00582
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=COG0589
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd01988
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd01989

3.4.6 Amino acid composition and physicochemical parameters of G4LZI3

Result from the ExXPASy server showed that the G4LZI3 protein sequence consists
of 184 amino acid residues with all the 20 amino acids contributing to give the
protein an average molecular weight of 20.3 kDa. Analysis suggests that the protein
is more hydrophobic due to the amino acid composition; there are more non-polar
(hydrophobic) amino acid residues (50.6 %) compared to the polar (hydrophilic)
amino acid residues (49.4 %). Fig. 3.8 shows the most abundant amino acid is
Serine with 9.2 % abundance trailed by Glycine and Valine both with an abundance
of 8.2 %. Tryptophan and Cysteine contributes the lowest predicted abundance 0.5

% each.

The total number of atoms present in G4LZI3 is predicted to be 2861. The predicted
molecular formula is Cgg7H1435N2530270Se. Isoelectric point of G4LZI3 is predicted to
be 7.92. A pl greater than 7 suggests that the protein is slightly alkaline in nature.
The total number of negatively charged residues (Asp + Glu) is 21 while the total
number of positively charged residues (Arg + Lys) is 22, indicating that the protein
possesses an overall positive net charge, hence if purification to homogeneity is
required, it can be accomplished with the application of cation exchange
chromatography using a negatively charged column. The protein is predicted to have
an instability index of 34.97 suggesting that the protein is relatively stable. The
computed half-life is 30 hours in mammalian reticulocytes (in vitro), greater than 20
hours in yeast (in vivo), and greater than 10 hours in E. coli (in vivo). The half-life of
a protein confirms the instability factor by suggesting how long it can survive without
being degraded after it has been expressed in a foreign host. On the whole, this
information is very beneficial because it reveals there is a minimal possibility of

protein degradation in the course of structure-function studies. The extinction
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coefficient is stated to be 11 460 and an estimated

absorbance of 0.1 % (=1 g/l) that is 0.565, assuming all Cys residues are reduced. It
must be noted that the low abundance of Tryptophan (0.5 %), Cysteine (0.5 %) as
well as Tyrosine (2.2 %) contributed to the low value of extinction coefficient
recorded. Additionally, the in silico result showed that G4LZI3 protein has a
moderately high aliphatic index of 87.34 and a low Grand Average Hydropathy

(GRAVY) of -0.305.

10.00%
9.00%
8.00%

7.00%

6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
0.00% .
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Gx o ® S WAV 48 QT @Y P AT QO AV AT b Y e

Abundance

Amino Acids

Fig. 3.8: Graphical representation of the abundance of twenty amino acid present in G4LZI3.
Serine has the highest abundance while cysteine and tryptophan has the least abundance.
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3.4.7 Secondary structure prediction of G4LZI3

Results from the secondary structure prediction using SABLE server indicates that
G4LZI3 consists of five a-helices and six B-strands. The graphical representation of
the secondary structure prediction is presented in Fig. 3.9. However, the PSIPRED
secondary structure prediction in Fig. 3.10 gave a conflicting result in comparison
with the SABLE server prediction; PSIPRED prediction shows that there are four

helices and five beta-strands in the G4LZI3 protein.

1 1 1 1 1 5 I:I
MEETEQPETEDGLDIGETEGTISMTDATEEVLMPYDGS EHSERAFNWYMD

51 T T T T 100
NVMEITDGCLYLVHIVEPLEOGLNYNLASESZPEIEDDFEEHLNSLVESGRA
101 150

LRAKFFTRCEDEGLEARFTIHVGTEPGENIVRIAHEHGVDLYVIIGHNRGIG

151 . . . 1384
TVERTFLGEVEDYVLHHANVEVIIIPPPEHFPEEE

Fig. 3.9: Secondary structure prediction of G4LZI3 done on Sable prediction server..
Five helices and six strands are predicted.

Key: Green arrows represent a helix
Red zig-zaggy lines represent strands

Blue thick lines represent coils
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Pred:
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—

Pred: CCCCCCCCCCCCCCCCCCCCCCCCCCCCCEEEEEECCCHH
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Pred:
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50 60 70 80
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Pred: _.:_::]—

Pred: CHHHHCCCCCCEEEECCCCCCCCC
An: SDYVLHHANVFVIIIFFFPEHFEKEEK

170 180
Legend:
(:) helix Conf: ]::III]E = confidence of prediction
strand Pred: p;édi::ed secondary structure
coil Al target sequence

Fig. 3.10: Secondary structure prediction of G4LZI3 using PSIPRED. G4LZI3 is predicted to
consist of four helices and five strands.
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3.4.8 Homology modelling and surface representation model of G4LZI3

Fig. 3.11 is the tertiary structure of G4LZI3 as predicted by the Swiss-model
workplace. The template used to build the model is a homologous universal stress
protein MJ0O577 from Methanocaldococcus jannaschii (Kim et al., 2015). The
sequence identity of the homology model with the template is 27.89 %. Fig. 3.12
shows the QMEAN score plot which estimates the reliability of the model; the value
estimated is -1.4 which shows that the model is a reliable one. It must be noted that
the higher the value of QMEAN score, the more reliable the model. The local
estimate plot of the protein 3D model based on the QMEAN score is also shown in

Fig. 3.13.

Fig. 3.11: 3D model of Universal Stress Protein G4LZI3 using Swiss-model viewed with
PYMOL. The secondary structure elements are made up of four a-helices and five parallel 3-sheets.
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Comparison with Non-redundant Set of PDB Structures
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Fig. 3.12: QMEAN score plot of 3D structure of G4LZI3. It depicts the comparison with non-
Redundant Sets of PDB structure of homologous proteins (See appendix).
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Fig. 3.13: Showing the Local Quality Estimate of G4LZI3 modelled structure by Swiss-model.

3.4.9 Validation of accuracy of modelled structures

The tertiary structure of G4LZI3 built with the Swiss-model tool was validated with
Ramachandra plot derived from the RAMPAGE server (Lovell et al., 2002)
The Ramachandran plot offers a stress-free way to view the dispersion of torsion
angles phi (@) and psi (g) of the amino acid residues in a protein structure.
Additionally, it provides an outline of allowed and disallowed regions of torsion angle
values, thereby serving as a significant factor in the assessment of the quality of the
predicted 3D structure of protein. The Ramachandra plot for the Swiss-model 3D
structure in Fig. 3.14a and 3.14b indicates that ~88.0 % of the residues are in the
favoured region, ~8.0 % are in the allowed region while ~4.0 % are in the outliner

region. The present prediction revealed that a good percentage of the modelled
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G4LZI3 amino acid residues are appropriately located, hence the Ramachandra plot
ascertained that stereochemical parameters were not violated throughout the model
building process therefore, the G4LZI3 homology model can be regarded as a good

quality model.

.
: © mAZ5 ASN
___________ C P R B
' '
: 1
a0 Lot i
-180 o] 180
= A General/Pre-Pro/Proline Favoured - A General/Pre-Pro/Proline Allowed
x Glycine Favoured x Glycine Allowed
Number of residues in favoured region (~98.0% expected) : 66 (88.0%)
Number of residues in allowed region (~2.0% expected) : 6 (8.0%)
Number of residues in outlier region 3 (4.0%)

Fig 3. 14a: Ramachandra Plot of modelled Universal Stress Protein G4LZI3 using Swiss model.
The figure was generated and visualized using RAMPAGE.

114



General Glycine

180

-180

180

General Favoured General Allowed
Glycine Favoured Glycine Allowed
Pre-Pro Favoured Pre-Pro Allowed
Proline Favoured Proline Allowed
Number of residues in favoured region (~98.0% expected) : 66 (88.0%)
Number of residues in allowed region (~2.0% expected) 1 6 (8.0%)
Number of residues in outlier region : 3 (4.0%)

Fig. 3.14b: Favoured and allowed regions in Ramachandran plot of G4LZI3 3D model generated
by Swiss-model.
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3.4.10 Structure refinement of 3D homology model
Presented in Fig. 3.15 is the structure refined model of S. mansoni G4LZI3 3D model
done on the GalaxyRefine server. The refined model is expected to be more

thermodynamically stable and with better built back bone structures.

Fig. 3.15: Thermodynamically stable 3D structure of G4LZI3. Structure refinement done with
GalaxyRefine.
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3.4.11 Solvent accessibility of G4LZI3

Computation of the solvent accessiblility of the protein was done on the ASAview
server. Fig. 3.16 shows the colour coded spiral view graphic indicating the various
amino acds residues present in G4LZI3 in order of their solvent accessibility. The
most accessible residues are located on the outer ring of the spiral graphic plot. The
radius of the solid circles standing for each amino acid residue corresponds to the
relative solvent accessibility. The bar chart in Fig. 3.17 are generated for G4LZI3 by
retaining the order in which the amino acid residues occur in the original input file. It
shows the relative solvent accessibility plot in the original order of amino acid

residues.

Fig. 3.16: Spiral view of amino acid residues of G4LZI3 in order of solvent accessibility. Most
accessible residues feature on the outermost ring.
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Fig. 3.17: Bar plot of amino acid residues of G4LZI3 showing relative solvent accessibility. The
order of residues are retained as they occur in the original input file. Colour coding of residues: Gray-
Hyrophobic; red-negatively charged; blue-positively charged; green-polar neutral residues; Yellow-
Cysteine with unique properties.

3.4.12 Prediction of binding site of G4LZI3
Fig. 3.18 lays out predicted features corresponding to protein binding regions within
G4LZI3. 1t shows that the protein-protein binding regions on the protein sequence

include positions 18, 54, 74, 78, 124 and 147. It is also predicted that the

polypeptide-binding site is found on position 146 (Ofran and Rost, 2007).

Fig. 3.158: Predicted binding sites on G4LZI3. There are seven binding sites on the protein.
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3.4.13 Determination of subcellular localization of G4LZI3

Fig. 3.19 shows a schematic cell with the predicted subcellular localization
compartment tinted in green. The predicted localization of G4LZI3 in Schistosoma
mansoni is the cytoplasm. The prediction confidence is 40, which is considered

reliable (Goldberg and Rost 2012).
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Fig. 3.19: Schematic representation of subcellular localization of G4LZI3 protein derived fom
the PredictProtein online server. The protein is localized in the cytoplasm.

3.4.14 Antigenic determinants on G4LZI3

The antigenic peptide prediction revealed the presence of six predicted peptide
epitopes in the G4LZI3 sequence. These epitopes are characterized by specific start
positions and end points which are shown in Table 3.4. Results also indicate that the
average antigenic propensity of the protein is 1.0252. Fig. 3.20 depicts an antigenic

plot for Schistosoma mansoni G4LZI3.
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Fig. 3.20: Antigenic plot of G4LZI3. The start and end points within the G4LZI3 sequence are
shown.

Table 3.4: Predicted antigenic peptides on G4LZI3. The epitope sequences’ start and end
positions on the protein sequence are shown.

S/n Start position  Sequence End position
1 28 TRKVLMP 34

2 56 TDGLYLVHIVEPLSQ 70

3 87 FSKHLNSLVES 97

4 114 LSARFTIHVG 123

5 129 NIVRIAHEHGVDLVII 144

6 156 FLGSVSDYVLHHANVPVIIIPPPK 179
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3.4.15 Gene ontology predictions

GO is a functional grouping scheme which describes three aspects in respect of a
gene product; these aspects usually include biological process, molecular function,
and cellular component (Ashburner et al., 2000). The result of metastudent consists
of a list of Gene Ontology (GO) terms which designate the functions of a protein.
These functions are either part of the Biological Process Ontology (BPO) or the
Molecular Function Ontology (MFO). Ontology is a rooted graph where individual
nodes represent a GO term which links a functional association. Each of the
predicted terms is linked with a reliability value of 0-100, defining the chance that the
target protein really has the predicted function. It must be noted that the predictions
generally have quite a low reliability, however, the output of the prediction is still very
useful, to investigate most of the functions of a protein experimentally, one has to
assess the predicted functions, not the entire GO.

Table 3.5 shows some selected predicted molecular function predictions for the
G4LZI3 protein, which revealed that the protein is likely to possess binding activity,
structural molecular activity, transporter activity as well as catalytic activity. Fig 3.21
indicates the biological process prediction of G4LZI3 to be response to stimuli and
response to stress. Fig 3.22 is a graphical representation of the cellular component
ontology, predicting the protein to be found in either the cytoplasm or the cell

membrane (Hamp et al., 2013).
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Table 3.5: Some predicted molecular functions of G4LZI3 based on Gene ontology analysis

SIN
1

10
11
12
13
14

15

16

17

18

19

20

GO ID

G0:0005488

G0:0035639

G0:1901363
G0:0001883
G0:0001882
G0:0043167
G0:1901265
G0:0017076
G0:0043168
G0:0097159
G0:0036094
G0:0005524
G0:0005515
G0:0000166

G0:0019205

G0:0003824

G0:0016772

G0:0015077

G0:0015297

G0:0008324

GO Term

Binding

Purine ribonucleoside triphosphate
binding

Heterocyclic compound binding
Purine nucleoside binding
Nucleoside binding

lon binding

Nucleoside phosphate binding
Purine nucleotide binding

Anion binding

Organic cyclic compound binding
Small molecule binding

ATP binding

Protein binding

Nucleotide binding

Nucleobase-containing compound
kinase activity

Catalytic activity

Transferase activity, transferring
phosphorus-containing groups

Monovalent inorganic cation
transmembrane transporter activity

Antiporter activity

Cation transmembrane transporter
activity

123

Reliability
35

26

26
26
26
26
26
26
26
26
26
26
24

23


http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0005488
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0035639
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:1901363
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0001883
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0001882
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0043167
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:1901265
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0017076
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0043168
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0097159
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0036094
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0005524
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0005515
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0000166
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0019205
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0003824
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0016772
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0015077
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0015297
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0008324

G0O:0008150
biological_process

Score: 31
GO:0050896
response to stimulus

Score: 31
GO:0006950
response to stress

Fig. 3.21: Biological process ontology of G4LZI3. Gene ontology prediction shows that the protein
might be implicated in response to stimuli and stress.
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Fig. 3.22: Cellular component ontology of G4LZI3. The protein is predicted be found either in the
cytoplasm or the cell membrane.
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3.5 Discussion and conclusion

An aspiring aim of proteomics is to determine the structure, molecular function and
interaction of all proteins in living cells and organisms. It is expected that the structural
elucidation of proteins will make available a better perception of cellular processes and
networks at the protein level, and eventually providing a better knowledge of disease
mechanisms hence, suggesting novel approaches for disease intervention (Bock and
Gough 2001; Bandyopadhyay, 2002). The advent of bioinformatics, genomics,
proteomics as well as structural information about novel proteins has made available
hundreds of new targets and ligands. In-silico techniques offer great potential in target
identification, target validation, knowledge of the protein, evolution and phylogeny as
well as protein modelling (Singh et al., 2006; Vu et al., 2015). The computational
approach that was used in this study for predicting the properties, primary, secondary
and tertiary structure of S. mansoni universal stress protein, indicated the effectiveness
of several bioinformatics tools. These tools were and are necessary in the prediction of
structural and functional features, thus aiding experimental analysis of the protein. The
result of this study can be explored further towards utilization of this novel protein for
possible therapeutic purposes.

Worthy of note is the fact that the protein is made up of five important conserved
domains namely; USP_Like, Usp, UspA, NaH_Antiporter C and STK_N domains as
seen in Fig 3.7. Previous studies have established the occurrence of these conserved
domains in various organisms. In one previous study, a USP_Like gene was discovered

and characterized in a medicinal wild plant species Calotropis procera through the de
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novo assembled genome contigs of the high-throughput sequencing dataset (Shokry et
al., 2014).

Interestingly, the UspA domain is a well-known protein structure established to be
extensively present in prokaryotic organisms, including bacteria and archaea. Genetic
evidence has successively revealed that UspA facilitates survival of cells starved from
different variations of nutrients and exposure to toxicity and/or UV light damage. This
protein is a Ser and Thr phosphoprotein and it is phosphorylated by the Tyr
phosphoprotein TypA. However, the exact biochemical function of UspA is unexplained
(Kerk et al., 2003; Siegele, 2005). The Usp domain is a conserved domain made up of
140-160 amino acids; it is common in bacteria, archaea, plants and fungi, however, it is
absent in humans, thus making the protein a potential drug target (Hingley-Wilson et al.,

2010).

Na'/H" antiporters (NaH_Antiporters) are integral membrane proteins which are present
in nearly all cells in all living organisms of the animal kihngdom. They are indispensable
for the regulation of intracellular Na* concentration, regulation of pH, as well as cell
volume. Furthermore, these secondary active transporters exchange sodium ions
against protons through an interchanging access mechanism yet to be fully understood.
Na'/H" antiporters exhibit discrete species-specific transport features and regulatory
properties which show a relationship with individual physiological functions (Lentes et
al., 2014). The domain STK family is a member of single transmembrane proteins that
has an intracellular conserved kinase catalytic domain and extracellular receptor
domain on the N-terminal and these have been discovered in several organisms

including pollen grains of maize (Zhou et al., 2014).
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Generally, the domains predicted to be conserved in G4LZI3 are very important in
stress response, transportation within the cells amongst other vital functions. Multiple
sequence alignment is an imperative aspect of protein research. Important biological
inferences can be obtained from the conservation or variation which occurs between
aligned positions, particularly with reference to the structure of one of the aligned
sequences. A protein is made up of surface loops and core regions. The quickly
evolving subsets of a protein are denoted as the surface loops which are frequently
obvious in the multiple sequence alignments and are usually referred to as gap-
containing or gap-rich regions (Blouin et al., 2004). Hence, their counter-parts are the
core regions called the gap-free regions. The loops are the weaker portion existing on
the surface of the proteins which connect to more rigid portions. Conversely, the core
regions act as support walls for the proteins (Claverie and Notredame, 2006). The
observed sequence variability in the protein is related to the structural inconsistency of
the surface loops, therefore making them inclined towards rapid evolutions. On the
other hand, the core regions are less disposed to rapid evolutions compared with the

surface loops (Blouin et al., 2004).

The MSA results (Fig. 3.5a and 3.5b) obtained showed that the sequences generally
contained gap-free regions with only very few gap-rich regions. Therefore, it can be
concluded that the selected proteins chiefly contained core regions with few surface
loops, implying that the protein is highly conserved since the core protein which is in

abundance does not experience rapid evolutions and stays unchanged.

Comparisons of gene sequences in a phylogenetic context are capable of providing
meaningful insights into the biology of species, while a phylogenetic viewpoint also
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offers foundation for comparative genomics. Furthermore, evolutionary history of living
species might be inferred through the phylogenetic analysis of molecular and
morphological information (Soltis and Soltis, 2003; Yuan and Zhu, 2014). In the present
study, the generated phylogenetic tree revealed closely clustered clades as shown in
Fig. 3.6 which is an indication of evolutionary relationships between homologous
sequences. The analysis of the level of conservation of the protein shows a high degree
of conservation. It must be noted that conservation across species shows that a
sequence has been preserved by evolution despite the formation of new and dissimilar
species during the course of evolution. Notably, a highly conserved sequence is a
sequence which has stayed unaltered within the phylogenetic tree. Additionally,
conservation analysis can often reveal the importance of the protein in terms of

structure as well as function of protein in different species (Jensen et al., 2003).

Physiochemical properties analysed in this study included number of amino acid
residues, molecular mass, theoretical isoelectric point (pl), amino acid and total atom
composition, extinction coefficients at 280 nm, instability index and grand average
hydropathicity (GRAVY). They are very vital parameters because they immensely
influence further applications of the protein under study (Kumar and Bhalla, 2011). It can
be inferred from amino acid composition and physicochemical analysis results that the
protein is structurally-flexible and that there is good interaction between the protein and
water. These results principally suggest that G4LZI3 is relatively reactive in water and

other agueous environments.

Based on the secondary structure prediction results (3.9 and 3.10), it can be inferred

that the G4LZI3 protein possesses remarkable stability because of the presence of (3-
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turns that compensated for the absence of disulfide bridge formation. Additionally, the
protein has a high percentage of a-helices which comprise of hydrogen bonds.
Hydrogen bonds offer utmost directional interactions which reinforce protein folding,
protein structure as well as molecular recognition. Hence, the presence of helices and
hydrogen bonds is a major factor that plays a vital part in the protein’s stability (Goetz et

al., 2014; Pace et al., 2014).

Homology modelling is a procedure used to predict the 3-dimensional structure of a
protein whose structure has not been previously solved experimentally. It plays a very
important role in the process of structure-based drug discovery. It makes use of
accessible high resolution protein structures to yield a model for a similar protein without
a known structure (Fiser and Sali, 2003; Bishop et al., 2008; Cavasotto and Phatak,

2009).

In order to produce a homology model, a percentage of primary sequence identity
between a previously experimentally produced template structure and the query protein
of approximately 20 % or more is essential. Modelling accuracy drops lower than 50 %
and declines quickly below 30% identity (Berry and Board, 2017). In the present study,
the Swiss-model server was used to generate 3D homology models of G4LZI3. Swiss-
model is an automated system for modelling the 3D structure of a protein. The server is
characterized by a user-friendly web interface that enables non-specialists to generate
3D models from a simple web-browser without any need for the instalment of complex
molecular modelling software. It is one of the most commonly used modelling web
servers in the world with over 0.9 million entreaties for protein models yearly (Arnorld et

al., 2006; Biasini et al., 2014). The 3D structure of Universal Stress Protein G4LZI3
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which was veiwed using Pymol as presented in Fig. 4.11 revealed that the secondary
structure elements are made up of four a-helices and five parallel 3-sheets. However,
the Swiss-model could, in future, be further verified through laboratory experimental
procedures for structural elucidation of the three dimensional structure of the protein
such as NMR and X-ray crystallography. Further effort was made to validate the
accuracy of the built model with the use of Ramachandra plots generated with the
Rampage tool (Fig. 3.14a and 3.14b). Analysis of the plot showed that the model is

accurate and hence, it was used for further in-silico procedures.

Structure refinement of the Swiss-model homology model was done to improve the local
structure quality of the protein. It ensures adequate upgrading in backbone structure
guality and thermodynamic stability of the three dimensional protein structure (Heo et

al., 2013).

Determination of solvent accessibility of the 3D homology model of the protein showed
that the polar amino acid residues of the protein are situated on the outermost ring of
the spiral plot while the hydrophobic residues are buried in the core of the protein as
displayed in Fig. 3.16. Usually, hydrophobic residues have a tendency to be in the core
of a protein, in which solvent accessibility is low, while polar residues are normally found
on the surface of a protein, where solvent accessibility is high (Moelbert et al., 2004). It
has been shown that the surface solvent accessible area of proteins has direct impact
on the folding state and stability of proteins. The folded state is stabilized predominantly
by the burial and constricted packing of above 80 % of the peptide groups and non—
polar side chains (Pace et al., 2004; Carugo, 2013). Hence, G4LZI3 can be concluded

to have a good interaction with water and is stable in agueous environments. This
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characteristic of the universal stress protein might be responsible for its ability to be
efficiently expressed using recombinant expression technology without the production of

undesirable inclusion bodies.

Subcellular localization is a basic functional characteristic of a protein. Fundamentally,
cellular functions are usually localized in particular compartments. A prediction of the
subcellular localization of new proteins can be used to acquire handy information as
regards to their functions. Furthermore, investigating the subcellular localization of
proteins is very helpful in unravelling disease mechanisms and for the development of
novel drugs and vaccines (Su et al., 2007). In the present study, the G4LZI3 protein is
predicted to be localized in the cytoplasmic compartment of the cell. This prediction is
based on a simple but reliable method of predicting the localization site of an unknown

protein by inheriting subcellular localization from homologous proteins (Lin et al., 2009).

Antigenic determinants, also called epitopes, are structural constituents of an antigen to
which antibodies or T-cell receptors bind, it is the portion of an antigen which is
recognized by the immune system. Schistosoma antigens have been recognized by
various studies as potential candidates in development of vaccines against
schistosomiasis. These include Sm97-paramyosin, Sm62-IrV5, Sm28-GST, Sm37-
GAPDH, Sm14-FABP, paramyosin, Sm14 and Sm23, (Argiro et al., 2000; Bergquist et
al., 2002; Al-Sherbiny et al., 2003; Pearce, 2003). Determining the antigenic epitopes in
G4LZI3 is thus a worthwhile effort towards further study for actualization of the long-

term goal of using the protein as a vaccine candidate.

The gene ontology prediction is in support of previous studies showing that the
universal stress protein superfamily comprises a conserved group of proteins implicated
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in resistance to stress. Usps support cell survival during persistent exposure to stress
and they may also activate a general mechanism required for stress endurance.
Additionally, reports also show that the universal stress protein might be involved in
transduction signalling (as a molecular switch) as predicted by the gene ontology

analysis (Uduwat et al., 2014; De Souza et al., 2016).

Conclusively, the in-silico analysis on G4LZI3 presented in this chapter showed that the
protein is made up of very important conserved domains which have been implicated in
stress response amongst several organisms. The cytoplasm-located protein is also
highly conserved and has very intense evolutionary relationships with its homologues.
The protein is also relatively stable and has good solvent interaction. The 3D homology
model revealed that the protein is well folded and will be well amenable for further
structural and functional elucidation. Overall, the data derived from the study shows that
the protein has great potential as a drug and vaccine candidate; hence, it is imperative
that wet-laboratory procedures be done on the basis of the predictions of these

computational studies.
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CHAPTER FOUR

MOLECULAR CLONING, RECOMBINANT PROTEIN EXPRESSION AND
AFFINITY PURIFICATION OF S. MANSONI UNIVERSAL STRESS
G4LZI3 PROTEIN
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4.1 Introduction

Sequel to the in-silico study in the preceding chapter (chapter three) which outlined
predictions on the primary, secondary and tertiary structure of G4LZI3, this chapter
sought to experimentally clone, express and purify a stable, soluble and natively-folded
G4LZI3 from S. mansoni in appropriate concentration for preliminary structural

characterization.

4.2 Methodology

4.2.1 Molecular cloning and restriction analysis of construct

The S. mansoni database was searched using the BLAST program on the National
Centre for Biotechnology Information (NCBI) to obtain the nucleotide sequence (MRNA)
for the novel universal stress protein G4LZI3 as stated in the bioinformatics analysis
chapter (Chapter three). The gene sequence obtained was sent to GenScript (USA) for
gene synthesis and production of a codon harmonized construct of the G4LZI3 gene.
The G4LZI3 gene was cloned into pQE30 (Qiagen) vector using BamHI and Hindlll as

restriction enzymes.

4.2.2 Preparation of synthesized insert for restriction digest analysis

In order to prepare the synthesized insert for restriction digest analysis, the vial
containing the lyophilized pQE30-G4LZI3 plasmid DNA obtained from GenScript was
centrifuged at 6 000 x g for 1 minute at 4 'C. The vial was opened and 20 pl of
deionized water was added, it was then vortexed for 1 minute and the solution was

heated at 50 °C for 15 minutes in order to dissolve the DNA.
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4.2.3 Confirmation of integrity of pQE30-G4LZI3 by restriction digest analysis

The integrity of the pQE30-G4LZI3 construct was confirmed by restriction digest
analysis, this reaction was carried out using BamH1 and Hind11l1l as restriction
enzymes. The reaction set-up is as shown in Table 4.1. The reagents were mixed in an
Eppendorf tube and incubated in a water-bath at 37 °C for 40 minutes. Thereafter, the

reaction samples were analysed by electrophoresis on a 1.2 % agarose gel.

Table 4.1: Reaction set up of restriction digest. The pQE30-G4LZI3 construct from Genscript was
digested using BamH1 and Hind111

Reagents Volume (pl)
pQE30-G4LZI3 10
Deionized water 5
Restriction enzyme buffer 2
BamH1 1
Hind111 2
Total 20

4.2.4 Agarose gel electrophoresis

A 1.2% agarose gel was prepared by mixing 1.2 g of agarose gel with 150 ml 1x TAE
buffer, this mixture was heated in a microwave oven for about 5 minutes till all agarose
had melted. The gel solution was allowed to cool and then 10 pl of ethidium bromide
was added by slightly mixing it into the gel solution. The gel was gently poured into a gel
rack and a gel comb was inserted into one side of the gel and was allowed to set for
about 20 minutes. Thereafter, the comb was detached from the solidified gel and the
rack (with the gel in it) was put into a chamber containing 1x TAE gel running buffer.
The gel was positioned with the wells towards the negative current. Loading buffer was
put in the DNA samples in order to visualize the DNA bands in the gel. A DNA ladder

having a mixture of DNA fragments with known sizes, was loaded into the first well
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followed by the restriction digest products. The electrophoresis chamber was covered
and the gel was run at 80 volts for 45 minutes. Thereafter, the ethidium bromide stained

gel was viewed under UV light and photographed.

4.2.5 Preparation of competent E. coli JIM109 cells for transformation

A single colony of Escherichia coli JM109 cells (ThermoFisher Scientific, USA)
(previously grown overnight from glycerol stock) was picked from an LB agar plate and
was grown in 3 ml LB broth overnight. The next morning 500 pl of the overnight culture
was put into 100 ml of LB broth. The growth of the culture was monitored with a
spectrophotometer (Shimadzu) until the optical density had reached between 0.45-0.47,
the flask was quickly immersed in ice water and swirled. The culture was centrifuged at
5 000 rpm at 4 °C for 5 minutes. Thereafter, the cell pellet was re-suspended in 24 ml of
ice cold 0.1 M MgCl, and incubated on ice for 30 minutes, centrifugation was done for 5
minutes at 5 000 rpm, the supernatant was discarded and the cell was re-suspended in
24 ml ice cold sterile 0.1M CacCl, by pipetting gently and then incubated on ice for 4
hours. Centrifugation at 5 000 rpm was done and the supernatant was discarded, while
the cell pellet was retained. Thereafter, the cells were further re-suspended in 4.3 ml of
0.1 M ice-cold sterile CaCl,. Sterile 30 % glycerol (700 ul) was added and then
thoroughly mixed and the competent cells made was dispensed in sterile Eppendorf
tubes as 200 pl aliquots, snap freezed and stored at -80 "C until when needed.

4.2.6 Transformation of E. coli IM109 with S. mansoni pQE30-G4LZI3 construct
After the confirmation of the plasmid construct by restriction digestion as stated
previously in section 4.2.3, 2 ul was mixed with 100 pl of pre-thawed (thawed on ice)

competent JM109 cells. This served as the transformation mixture and the tube was

146



labelled experimental tube. A control tube with only competent cells without plasmid
DNA was set up and labelled as control tube. The mixtures in both sets of tubes were
incubated on ice for 20 minutes and heat-shocked by incubating at 42 °C for 2 minutes.
The mixtures were further incubated on ice for 5 minutes. Afterwards, 900 pl of pre-
warmed Luria broth with ampicillin was added to the mixtures and further incubated at
37 °C for 1 hours. After this period of incubation, 50 pl of the transformed cells was
plated out on LB agar plates with 100 pg/ml ampicillin to select for positive
transformants. Thereatfter, the plates were incubated overnight at 37 °C.

4.2.7 Expression screening of colonies from transformed S. mansoni pQE30-
G4LZI3

Four single colonies were randomly picked from the overnight transformation spread-
plate and inoculated into five tubes containing 5 ml 2x YT medium broth with 100 pg/ml
ampicillin. The culture tubes were incubated at 37 °C for 4 hours with vigorous shaking.
After this incubation period, 1 ml culture was taken from each culture tubes and
transferred into clean autoclaved tubes; this was done in duplicate. One set of tubes
was labelled un-induced control culture, while 0.5 mM Isopropyl B-D-thiogalactoside
(IPTG) was added to the other set of tubes and labelled induced culture. Both sets of
culture tubes were incubated further for 2 hours at 37 °C with vigorous shaking.
Thereatfter, the cells from both sets of cultures was harvested by centrifugation at 13
200 x g for 5 minutes. The cell pellets from all the tubes (both induced and un-induced)
were re-suspended in 50 ul PBS. Thereafter, 20 pl from each cell suspension was

electrophoresed on 16 % SDS-PAGE gel till the dye front had reached the bottom of the
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gel. The 3 ml leftover original culture was used to prepare glycerol stocks and stored in

20 °C for further expression.

4.2.8 Large scale expression of pQE30-G4LZI3

Sequel to the successful expression of protein from the screening, 100 pl of the well
expressed protein clone was inoculated into 100 ml of 2x YT medium broth to which

100 pg/ml of ampicillin has been previously added and was agitated vigorously
overnight at 37 °C. The next morning, the overnight culture was scaled up to 2 L with 2x
YT containing 100 pg/ml of ampicillin and the incubation was continued with shaking at
37 °C. The optical density of the cell culture was monitored until it attained 0.4-0.6
ODggo (measured using UV spectrophotometer) and then 0.5 mM of IPTG was added to
induce protein expression. The incubation of the culture was continued overnight but
induction temperature was reduced to 25 °C with vigorous shaking. The following
morning, the cells were harvested by centrifugation at 6 000 x g for 40 minutes at 4 °C

and the harvested cell pellets was kept at -80 °C.

4.2.9 Extraction of pQE30-G4LZI3 His-tagged recombinant protein

The cells harvested from 4.2.8 above was allowed to thaw completely (on ice) then it
was re-suspended in cell lysis buffer, 100 pug/ml lysozyme, 1 mM PMSF and 1 mM DTT
was added and rocked gently for 1 hour to assist enzymatic action of the lysozyme.
Three cycles of freeze-thawing (-80 °C to freeze, 37 °C to thaw) was done to break-up
the cells in order to release the recombinant G4LZI3 protein, this was followed by ultra-
sonication (3 cycles for 30 seconds each) to fully break-up the cells and further release
the recombinant protein. The recombinant protein was extracted by centrifugation of the

cell suspension at 10 000 x g for 30 minutes at 4 °C. After the centrifugation, the
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supernatant which contained a clear total bacterial lysate without cell debris and
particulate matter was decanted into a new tube and placed on ice for purification

procedure.

4.2.10 Purification of pQE30-G4LZI3 His-tagged recombinant protein using
immobilized metal-ion affinity chromatography (IMAC)

A 7 ml His-Select Nickel Affinity Gel (Sigma-Aldrich) was packed onto a column. The
affinity gel was first washed with 2 CV of deionized water to eliminate the storage
ethanol and then equilibrated with 5 CV of equilibration buffer (buffer A). The bacterial
lysate was then loaded onto the column and the flow-through was collected and kept on
ice. Thereafter, the column was washed with 7 CV of buffer A and the wash fraction and
the last two drops of the wash buffer was collected to ascertain the clearness of the
column before elution. Subsequently, the target protein which is expected to have
bound to the column was eluted with 7 CV of the elution buffer (buffer B) and the
various fractions collected. The fractions collected were electrophoresed on a 16 %

SDS PAGE gel.

4.2.11 SDS Polyacrylamide gel electrophoresis

SDS-PAGE was used to determine the molecular weight and purity of the various
fractions of the recombinant protein. The casting frame was set up by clamping two
glass plates on the casting stand. The separating gel solution was prepared as
described in Table 4.2 in a small beaker and the solution was mixed gently but
thoroughly and filled into the gap within the glass plates. In order to ensure evenness of
the gel surface, water was put on top of the gel until there was an overflow. The

separating gel was left to polymerize for 20 minutes and the water on it was discarded.
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Thereafter, the stacking gel was prepared as described previously and filled into the
glass over the separating gel until there was an overflow and then the well-forming
comb was inserted into it ensuring that there was no air trapped in-between. The
stacking gel was left to polymerize for 20 minutes. After the gel has polymerized
completely, the comb was detached and the glass plate was removed from the casting
frame and set up in the buffer chamber. The inner and outer buffer chambers were filled
with appropriate amount of running buffer. A 20 pl of the sample was mixed with 20 pl

of loading buffer and heated for 10 minutes at 95 C.

A 10 ul of heated sample and 5 pl of a standard protein ladder were then loaded into the
wells and the gel was run at 150 V for 90 minutes. Thereafter, the gel was soaked in
Coomassie staining solution overnight with slight shaking. The next morning, the gel
was destained (preparation of destaining solution previously described) for 90 minutes
with slight shaking and then band corresponding to target protein was identified by

comparing its molecular weight with the standard protein ladder.

Table 4.2: Constituents of a 16% SDS-PAGE gel

Separating gel Stacking gel

Deionised water 3.50 ml 2.90 ml
Separating buffer 2.62 ml -

4x stacking buffer - 1.26 mi
40% Bisacrylamide 3.48 ml 0.50 ml
Ammonium persulphate 50.00 pl 25.00 pl
10% SDS 100.00 pl 50.00 pl
TEMED 8.00 pl 5.00 pl
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4.2.12 Dialysis

Purified protein elution fractions were pooled together and transferred into a Snake Skin
Pleated Dialysis tubing (ThermoFisher Scientific) with a molecular weight cut off
(MWCO) of 3500 Da and dialyzed for 4 hours at 4 °C in a freshly-prepared buffer (50
mM Tris, pH 8 and 100 mM NaCl with 1 mM DTT) with continuous stirring. The buffer
was changed and the dialysis was continued for further 6 hours. Thereafter, 60 ml of
dialysed protein was concentrated into 7 ml with Pall Macrosep Centrifugal device with
a MWCO of 3.5. The concentrated protein was analysed on SDS-PAGE and
subsequently stored at -80 °C after aliquoting into 1.5 ml Eppendorf tubes.

4.2.13 Protein concentration determination

A NanoDrop® ND 2000 spectrophotometer spectrophotometer (Thermo Fisher
Scientific) was used to determine the concentration of the protein by evaluating the
absorbance at 280 nm. A 2 pl of buffer B was carefully put on the detection surface of
the spectrophotometer to blank it, 2 pl of concentrated G4LZI3 was then put on the

detection surface and the absorbance of the protein sample was recorded.

4.3 Results

4.3.1 Molecular cloning and recombinant expression of G4LZI3 gene

The NCBI database provided the DNA sequence as well as the protein sequence of the
universal stress protein as reported in the in-silico chapter. The DNA sequence and
FASTA mRNA sequence was used by GeneScipt incorporation to synthesize a codon-
harmonized G4LZI3 gene construct which was cloned in the BamH1 and Hind111 sites
of the pQE30 cloning vector. The pQE30-G4LZI3 gene construct is presented in Fig.

4.1. Restriction digest analysis done using BamH1 and Hind111 restriction enzymes to
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confirm the integrity of the construct from Genscript showed that construct is of the

expected size of 555 bp. A 1.2 % agarose gel elecrophoresis showing the restriction
digest insert is shown in Fig. 4.2.

- Bam HI
Hind Il

" GALZI3
PT5 - lac O lac © - RBS {ATG |- [RGI MCS
|

g pQE30

Col E\

Fig. 4.1: A diagrammatic representation of pQE30-G4LZI3 gene construct. The diagram illustrate the
insertion of the G4LZI3 into BamH1 aand Hind111 sites of the pQE30 vector.
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Fig. 4.2: Restriction digest gel for confirmation of G4LZI3 insert fragment. Lane 1 is the DNA
marker, lane 2 is the plasmid digested by BamH1 and Hind111.

4.3.2 Transformation and expression screening of pQE30-G4LZI3

E. coli JIM109 cells were transformed with pQE30-G4LZI3 construct and the positive
transformants produced were screened for the expression of His-G4LZI3 fusion protein.
SDS-PAGE analysis of the total bacterial lysates from four colonies which were picked
randomly is shown in Fig. 4.3. Lanes 2-9 consist of alternating pairs of induced and un-
induced samples. A conspicuous band can be seen in the induced lanes but are absent
in the un-induced lanes. The conspicuous bands in the induced lane shows that His-
G4LZI13 is well expressed, the bands correspond to a molecular weight of approximately

20.3 kDa.
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Fig. 4.3: Expression screen of transformed colonies from pQE30-G4LZI3 for protein expression.
Lane 1 is the protein molecular weight marker, lanes 2, 4, 6 and 8 indicates total bacterial cell lysates
after induction of protein expression with addition of 0.5mM IPTG, while lanes 3, 5, 7 and 9 indicates the
corresponding total bacterial cell lysates of the un-induced cultures. The induced lanes (2, 4 and 8) shows
bands of approximately 20.3 kDa, corresponding to the His-G4LZI3 fusion protein.

4.3.3 Large scale expression and purification of His-G4LZI3

The large scale expression of His-G4LZI3 was successfully done. After extraction of the
crude lysate, a clear soluble protein bacterial lysate without the presence of inclusion
body was obtained after centrifugation. Fig 4.4 shows the SDS-PAGE analysis of the
soluble protein. The expressed soluble protein was successfully purified in His-Select®
Nickel Affinity gel. Fig.4.5 showed the SDS-PAGE analysis of the purification procedure,

the elution fractions shows varying concentration of G4LZI3 protein as indicated by the

decline in the thickness of the protein bands.
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<+«—His-G4LZI3

Fig. 4.4: Large scale expression of His-G4LZI3. Lane 1 is the molecular weight maker; lane 2 is loaded
with 10 pl of protein sample taken from 100 ml expression volume while lane 3 is loaded with 10 pl of
protein sample taken from 200 ml expression volume.

Purified
G4LZI3

Fig. 4.5: Affinity purification of His-G4LZI3 with His-Select Nickel affinity gel. Lane 1 is the protein
marker; lane 2 is the clear bacterial lysate; lane 3 is the flow-through from the affinity column; lane 4 is the
second wash fraction; lane 5 is the first wash fraction; lane 6, 7, 8, 9 and 10 are the elution fractions. The
decline in the thickness of the bands on the elution fractions from lane 7 down to lane 9 is due to
decrease in the concentration of the protein present in the elutions as the protein is eluted from the
column.
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4.3.4 Dialysis and protein concentration

The first attempt at dialysing the protein resulted in slight precipitation of the purified
protein but after ensuring the dialysis was strictly done at 4 °C and the duration of
dialysis was reduced (from 24 hours to 6 hours), successful dialysis of the protein was
achieved. The dialysis was done to reduce the concentration of imidazole in the purified
protein. A 20 ml dialysed protein was successfully concentrated to 3 ml with a Pall
Macrosep Centrifugal device with a MWCO of 3.5. Aliquots were made and kept for
further use. Fig. 4.6 shows the SDS-PAGE analysis of 10 ul sample of the protein taken

from 3 ml concentrated protein.

<+—— Concentrated purified His-G4LZI3

Fig. 4.6: Concentration of the elution fractions. Lane 1 is the molecular weight marker; lane 2 is the 10
pl sample taken from 3 ml concentrated purified protein.
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4.3.5 Measurement of protein concentration
Fig. 4.7 shows the concentration of a sample of purified G4LZI3 using NanoDrop® ND

2000 spectrophotometer. The concentration of the protein at 280 nm is 2.00 mg/ml.

10mm Absorbance

220 230 240 250 260 270 280 280 300 30 320 330
Wavelepath (pmi

Fig. 4.7: The UV absorption spectrum of concentrated G4LZI3 absorbance at 280 nm (A280 nm)
recorded using NanoDrop ® ND1000 Spectrophotometer (NanoDrop Technologies Inc.).
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4.4 Discussion

To our knowledge, this is the first report of the successful cloning, purification,
recombinant expression and preliminary characterization of the recombinant universal
stress protein of Schistosoma mansoni parasite, G4LZI3. The capability to express and
purify a recombinant protein in sufficient quantity is extremely essential for structural
elucidation, biochemical characterization and functional studies which will ultimately
lead to the use of such recombinant protein in production of therapeutic agents for
combating diseases as well as in industrial processes for the development of

commercial goods

To achieve the aim of producing the S. mansoni G4LZI3, an expression plasmid,
pPQE30-G4LZI3, fused to a Histidine tag was successfully cloned. The codon
harmonised pQE30-G4LZI3 was cloned into the BamHI and Hind111 cloning sites.
Restriction digest analysis showed that the size of the inserted fragment is correct (555
bp) and it is devoid of unexpected bands, this shows that the restriction enzymes
(BamH1 and Hind111) were able to successfully cut the G4LZI3 plasmid DNA at the
required restriction sites hence preparing it for combination with the E. coli host DNA to
produce a recombinant DNA. The pQE30-G4LZI3 construct was codon optimized with
the sole aim of increasing recombinant protein production by increasing the translation
efficiency during the process of expression (Angov et al., 2008; Gustaffson et al., 2012;

He et al., 2014; Quax et al., 2015).

A wide range of protein expression systems are obtainable including cell cultures of

mammals, bacteria, yeasts, transgenic plants and insects. E. coli was chosen for this

158



study because it possesses the necessary factors for quality of protein yield, speed of
production and functionality (Demain and Vaishnav, 2009; Chen et al., 2012; Carneiro
et al., 2013). Protein expression is reliant on multistep processes comprising regulation
at the level of transcription, mMRNA turnover, protein translation, and post-translational
modifications resulting in the formation of a stable product (Angov, 2011). The gene
map in Fig. 4.1 showed that the expression vector used (pQE30 vector) has a T5
promoter recognised by E. coli host RNA polymerase and it is inducible upon addition of
IPTG, this is a crucial factor to consider in ensuring successful protein expression. The
expression screening step was observed to produce higher level of expression in the
induced lane compared with the un-induced, this is attributed to the addition of IPTG to
the samples in the induced lanes. Addition of IPTG switches on synthesis of the T5
RNA polymerase by activating the release of tetrameric Lac | from the lac operator
which subsequently triggers the transcription of the target gene from the TS5 promoter
that is initiated by T5 RNA polymerase (Sgrensen and Mortensen, 2005).

The best expressing protein clone from the expression screening was used to produce
the protein at a large scale level. The large scale expression was achieved successfully,
several conditions were tried for induction; ImM IPTG at 37 "C for 5 hours, 0.5 mM at 37
°C overnight (results not shown) but the best expression result was obtained by the
addition of 0.5 mM IPTG with incubation at 25 ‘C overnight as shown in Fig. 4.4.
Previous studies have reported the successful heterologous expression of universal
stress proteins from several species of organisms such as E. coli, Saliconia brachiata
and Mycobacterium in E. coli expression system. (Uduwat et al., 2014; de Souza et al.,

2016; Jia et al., 2016). Protein extraction and subsequent SDS-PAGE analysis showed
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that the protein was present in the supernatant and not in the pellet, this is an indication
that G4LZI3 was produced as a soluble protein and not as inclusion bodies or insoluble
aggregates. This suggests that overexpression of G4LZI3 with 0.5mM IPTG with
incubation at temperature of 25 °C overnight is ideal for achieving protein solubility.

Formation of inclusion bodies in recombinant proteins overexpressed in E. coli cells
might result from build-up of high concentrations of folding intermediates. However,
refolding of target protein from inclusion bodies is achievable but is undesirable due to
disadvantages such as reduced recovery yields, the conditions for optimization of
refolding requirements for individual target protein as well as the likelihood that the re-
solubilisation procedures might alter the integrity of refolded proteins. Hence, exploiting
conditions for the overexpression of recombinant proteins in a soluble form is thus a
smart alternative compared with in vitro refolding procedures (Sgrensen and Mortensen,
2005a; Sgrensen and Mortensen, 2005b). A strategy to avoid or reduce formation of
inclusion body is to decrease cultivation temperature of the host after induction (Gopal
and Kumar, 2013). The clear soluble recombinant His-G4LZI3 lysate was successfully
purified with Immobilized Metal ion Affinity Chromatography (IMAC) using His-Select®
Nickel Affinity gel (Sigma-Aldrich) as can be seen in Fig. 4.5. IMAC is a method centred
on the interface between proteins having histidine residues on its exterior with divalent
metal ions immobilized through chelating ligand. Proteins with Histidine-tag possess
very high affinity in IMAC due to the multiple histidine residues and normally they are
the toughest binders amongst every other protein present in a crude extract. It is
interesting to note that the imidazole side chain present in the histidine tag have high

affinity for chelated metals (Arnau et al., 2006; Block et al., 2008; Young et al., 2012).
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The His-tag was not cleaved-off from the protein after purification because generally,
small-size fusion tags like histidine, calmodulin-binding peptide (CBP), FLAG and Strep
Il commonly do not need to be cleaved-off before further downstream applications after
purification since these tags have an insignificant effect on the physical characteristics
as well as the biological activity of the target protein (Esposito D. and Chatterjee, 2006;
Zhao et al., 2013). Sagurthi et al., (2007) successfully purified a small cytoplasmic
bacterial protein, universal stress protein UspF (YnaF) from Salmonella typhimurium
with  Ni-NTA affinity chromatography prior to crystallization and preliminary
characterization with X-ray diffraction analysis (Sagurthi et al., 2007). Similar success of
purification with Ni-NTA affinity column was reported by Jung and co-workers (2015) in
their study on the universal stress protein of Arabidopsis thaliana, AtUSP (Jung et al.,
2015). Our purification outcome and the reports from other purification studies might
suggest that Ni-NTA is ideal for purification of recombinant universal stress proteins.
Proteins may be characterized by using different structural, spectroscopic,
electromagnetic, thermodynamics and biochemical properties which are conferred on
them due to their composition. Production of proteins and subsequent structural and
functional characterization exploits cumulative information from their fundamental
general makeup (primary and secondary elements) and the diversity allowed by such

composition (Vedadi et al., 2010; Raynal et al., 2014).

4.5 Conclusion

Reported in this chapter is the successful molecular cloning into a pQE30 cloning vector
and recombinant expression in E. coli host system followed by an efficient purification of

a universal stress protein G4LZI3 from the helminthic disease causing organism
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Schistosoma mansoni. We have been able to establish that Histindine tagged G4LZI3
expresses very well as a soluble protein in the E. coli host system without fear of the
production of inclusion body. Additionally, the Ni-NTA affinity purification system led to a
relatively homogenously pure G4LZI3 which can be used to achieve the next objective

of preliminarily characterising the protein as regards its structure.

162



References
Angov E. (2011). Codon usage: nature's roadmap to expression and folding of

proteins. Biotechnology Journal, 6(6): 650-659.

Angov E., Hillier C.J., Kincaid R.L. and Lyon J.A. (2008). Heterologous protein
expression is enhanced by harmonizing the codon usage frequencies of the target gene

with those of the expression host. PloS One, 3(5): e2189.

Arnau J., Lauritzen C., Petersen G.E. and Pedersen J. (2006). Current strategies for the
use of affinity tags and tag removal for the purification of recombinant proteins. Protein

Expression and Purification, 48(1): 1-13.

Block H., Maertens B., Spriestersbach A., Brinker N., Kubicek J., Fabis R., Labahn J.
and Schafer F. (2009). Immobilized-metal affinity chromatography (IMAC): a

review. Methods in Enzymology, 463: 439-473.

Carneiro S., Ferreira E.C. and Rocha I. (2013). Metabolic responses to recombinant

bioprocesses in Escherichia coli. Journal of Biotechnology, 164(3): 396-408.

Chen R. (2012). Bacterial expression systems for recombinant protein production: E.

coli and beyond. Biotechnology Advances, 30(5): 1102-1107.

de Souza C.S., Torres A.G., Caravelli A., Silva A., Polatto J.M. and Piazza R.M. (2016).
Characterization of the universal stress protein F from atypical enteropathogenic
Escherichia coli and its prevalence in Enterobacteriaceae. Protein Science, 25(12):

2142-2151.

163



Demain A.L. and Vaishnav P. (2009). Production of recombinant proteins by microbes

and higher organisms. Biotechnology Advances, 27(3): 297-306.

Esposito D. and Chatterjee D.K. (2006). Enhancement of soluble protein expression

through the use of fusion tags. Current Opinion in Biotechnology, 17(4): 353-358.

Gopal G.J. and Kumar A. (2013). Strategies for the production of recombinant protein in

Escherichia coli. Protein Journal, 32(6): 419-425.

Gustafsson C., Minshull J., Govindarajan S., Ness J., Villalobos A. and Welch M.
(2012). Engineering genes for predictable protein expression. Protein Expression and

Purification, 83(1): 37-46.

He M., Wu D., Wu J. and Chen J. (2014). Enhanced expression of endoinulinase from
Aspergillus niger by codon optimization in Pichia pastoris and its application in
inulooligosaccharide production. Journal of Industrial Microbiology and

Biotechnology, 41(1): 105-114.

Jia Q., Hu X., Shi D., Zhang Y., Sun M., Wang J., Mi K. and Zhu G., (2016). Universal
stress protein Rv2624c alters abundance of arginine and enhances intracellular survival

by ATP binding in mycobacteria. Scientific Reports, 6.

Jung Y.J., Melencion S.M.B., Lee E.S., Park J.H., Alinapon C.V., Oh H.T., Yun D.J., Chi
Y.H. and Lee S.Y. (2015). Universal Stress Protein exhibits a redox-dependent
chaperone function in Arabidopsis and enhances plant tolerance to heat shock and

oxidative stress. Frontiers in Plant Science, 6.

164



Quax T.E., Claassens N.J., Soll D. and van der Oost J. (2015). Codon bias as a means

to fine-tune gene expression. Molecular Cell, 59(2): 149-161.

Raynal B., Lenormand P., Baron B., Hoos S. and England P. (2014). Quality
assessment and optimization of purified protein samples: why and how? Microbial Cell

Factories, 13(1): 180.

Sagurthi, S. R., Panigrahi, R. R., Gowda, G., Savithri, H. S., & Murthy, M. R. N. (2007).
Cloning, expression, purification, crystallization and preliminary X-ray diffraction
analysis of universal stress protein F (YnaF) from Salmonella typhimurium. Acta
Crystallographica Section F: Structural Biology and Crystallization

Communications, 63(11): 957-960.

Sgrensen H.P. and Mortensen K.K. (2005). Advanced genetic strategies for

recombinant protein expression in E. coli. Journal of Biotechnology, 115:113-128.

Sgrensen H.P. and Mortensen K.K. (2005). Soluble expression of recombinant proteins

in the cytoplasm of Escherichia coli. Microbial Cell Factories, 4(1): 1.

Udawat P., Mishra A. and Jha B. (2014). Heterologous expression of an
uncharacterized universal stress protein gene (SbUSP) from the extreme halophyte,
Salicornia brachiata, which confers salt and osmotic tolerance to E. coli. Gene, 536(1):

163-170.

Vedadi M., Arrowsmith C.H., Allali-Hassani A., Senisterra G. and Wasney G.A. (2010).
Biophysical characterization of recombinant proteins: a key to higher structural

genomics success. Journal of Structural Biology, 172(1): 107-119.

165



Young C.L., Britton Z.T. and Robinson A.S. (2012). Recombinant protein expression
and purification: a comprehensive review of affinity tags and microbial

applications. Biotechnology Journal, 7(5): 620-634.

Zhao X., Li G. and Liang S. (2013). Several affinity tags commonly used in

chromatographic purification. Journal of Analytical Methods in Chemistry, 2013.

166



CHAPTER FIVE

PRELIMINARY BIOPHYSICAL CHARACTERIZATION OF PURIFIED
RECOMBINANT S. MANSONI G4LZI3
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5.1 Introduction

The significance of recombinant proteins in biotechnological research is much
emphasized due to their diverse use as drug targets, therapeutic agents, investigation
of protein-protein interactions, ligand binding, as well as in studying enzyme activity
(Howell et al., 2006; Bertucci et al., 2011). Therapeutic recombinant proteins production
usually entails series of steps in order to ensure biological quality of the protein since
they are targeted for human clinical use. The expectation is that these proteins are
properly characterized after expression and purification. Various methods are employed
to explicitly confirm the protein structure, protein sequence as well as its activity. These
characterization methods will consequently also aid structural genomic efforts (Barnes
and Lim, 2007; Faraji et al., 2010). In the present study, preliminary characterization of
G4LZI3 was carried out using ultraviolet-visible spectrophotometry, fourier transform
infrared spectroscopy, differential scanning calorimetry, mass spectroscopy and

fluorescence spectroscopy.

5.2 Methodology

5.2.1 UV-visible spectroscopy

Optical absorption measurement was done on a Varian Cary® 50 UV-Vis
spectrophotometer (Agilent Technologies). An aliquot of the purified G4LZI3 in 20mM
Tris-HCI buffer (pH 8.0) was placed in a Quartz cuvette of 1 cm path length and the

absorbance measured between 180-340 nm wavelength ranges at room temperature.
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5.2.2 Fourier transform infrared spectroscopy (FTIR)

A 40 pl of the 0.1 mg/ml re-constituted protein sample was put in the sample cell of a
Perkin Elmer FTIR instrument (Perkin-Elmer USA). FTIR spectra were obtained in the
frequency range 4000-400 cm™ in absorbance mode. The parameters selected for
running the scans were resolution of 8 cm™, with an average of 15 scans, and no
apodization option was selected. The data obtained was analysed with Origin software
(MicroCal Software, Inc., MA, USA).

5.2.3 Dynamic scanning calorimetry

A thermal analysis of lyophilized G4LZI3 was done using Perkin-Elmer DSC 6000
(Perkin-Elmer USA). The G4LZI3 was reconstituted in distilled water and filtered
thoroughly through 0.1 pm filter. The sample and the PBS reference solution were

degassed by continuous stirring under vacuum for 4 minutes at room temperature.

Thereafter, the degassed sample and reference were filled into the sample and
reference cells with an air-tight syringe. Heating of the sample and reference was done
at 20 °C to 150 °C at a heating rate of 10 °C/min. Thereafter, the differential power
compensation needed to maintain the sample cell and reference cell at the same
temperature was recorded against temperature. This was used for calculating
calorimetric enthalpy and mid-point transition temperature (Tm) necessary for the
determination of the thermostability of the protein. Data obtained was interpreted using

an Origin software (MicroCal Software, Inc., MA, USA).
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5.2.4 Mass spectrometry

The G4LZI3 purified protein was subjected to mass spectrometry to validate the mass of
the purified protein seen on SDS-PAGE. Matrix Assisted Laser Desorption/lonization
Time of Flight Mass Spectrometry spectra was acquired using an Ultra-flex time-of-flight
mass spectrometer (Bruker Daltonics, Bremen, Germany) which is fitted with a LIFT-
MS/MS facility. The sample was mixed with 2, 5- Dihydroxybenzoic acid which serves
as a matrix and 50 % acetonitrile. Spectra were acquired in the positive ion mode and
internally recalibrated after measurement.

5.2.5 Fluorescence spectroscopy

The fluorescence spectra of the recombinant G4LZI3 was recorded at 0.10 mg/ml in 50
mM  Tris—HCI buffer (pH 7.0) at 25 °C using a Perkin Elmer Fluorescence
Spectrophotometer (Perkin-Elmer USA) and 0.5 cm X 0.5 cm Quartz cuvettes. Tris-HCI
buffer was used as blank and an excitation wavelength of 270 nm was used while the

intrinsic fluorescence emission scanning was recorded between 200-450 nm.
5.3 Results

5.3.1 Investigation of purity of G4LZI3 with UV-visible spectroscopy

The UV-Visible curve produced by a sample of recombinant G4LZI3 presented in Fig.
5.1 shows the presence of two peaks at approximately 220 nm and 280 nm. These
peaks correspond to the presence of peptide bonds which absorbs at 220 nm as well as
the presence of aromatic amino acid residues including Phe, Tyr and Trp which absorbs
at 280 nm. Worthy of note is the absence of absorbance peak at 260 nm and the

diminishing aborbance after 280 nm, this might be attributed to the absence of
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impurities. Typically, nucleic acid a major impurity during protein expression absorbs at

260 nm (Cao et al., 2004; Lv et al., 2015).
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Fig. 5.1: UV-Visible absorbance spectrum of G4LZI3. The spectrum shows peaks at 220 hm and 280
nm are due to the presence of peptide bonds and aromatic amino acid residues respectively.
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5.3.2 Analysis of secondary structure and functional groups with Fourier
transform infrared spectroscopy (FTIR)

The occurrence and abundance of secondary structure elements and functional groups
in the structure of G4LZI3 was analysed using FTIR. The spectrum in Fig. 5.2 shows the
presence of three prominent peaks. Peak 1 can be attributed to the amide | band which
is the sum of all the contributions produced by the secondary structure of the protein
including a-helix, B-sheets, turns and unordered structures (Lv et al., 2015).

The peak at approximately 1650 cm™ is associated with the vibrational stretching of
C=0 stretching, the observed positioning and shape of the amide | band are used for
the analysis of protein secondary structure. It is suggested that the sharp amide | band
at 1650 cm™ for G4LZI3 indicates that a-helix is the major element in the protein
secondary structure. Beside this, the peak 2 at approximately 1200 cm™ represents the
secondary amide Ill band which is produced by the C=N stretching vibration coupled
with the N-H plane bending vibration. The last peak at approximately 3340 cm™
represents the Amide A group and it originates from the resonance between the first

overtone of amide Il and the N-H stretching vibration (Gallagher, 2009).
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Fig. 5.2: IR spectrum of G4LZI3. Shown are three prominent peaks indicating the secondary structure
element and functional groups present in the protein.
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5.3.3 Investigation of thermal stability of G4LZI3 with differential scanning
calorimetry

Differential scanning calorimetry analysis of G4LZI3 as depicted in Fig. 5.3 showed that
the protein has distinctive sharp peak that is extrapolated to a temperature of 110 °C.
This temperature designated by Tm is the transition temperature of the protein. Tm is an
index of thermostability, usually, the greater the Tm, the more thermodynamically stable
the protein is. Proteins that have higher Tm are less liable to unfolding and denaturation
at lower temperatures. This result showed that the protein can remain stable at

temperatures below 110 °C and becomes irreversibly denatured at higher temperature.
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Fig. 5.3: A DSC thermogram of G4LZI3. The protein is shown to possess a transition temperature of
approximately 110°C.
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5.3.4 Determination of molecular mass of G4LZI3 with mass spectroscopy

Presented in Fig. 5.4 is a mass spectrogram of recombinant G4LZI3 generated using
MALDI-TOF procedure. As evident in the spectrogram, the peaks generated does not
correspond to the expected molecular weight as predicted by the in-silico analysis and
most importantly as seen on the various SDS-PAGE analysis which consistently

indicated a molecular weight of approximately 20.3 kDa.
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Fig. 5.4: Mass spectrogram of purified G4LZI3. The peaks not in consistency with the in-silico
prediction from ProtParam and SDS-PAGE analysis.
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5.3.5 Assessment of stability and foldedness of G4LZI3 with fluorescence
spectroscopy

Fluorescence spectroscopy was done to assess the changes in stability of the protein
by observing the intrinsic maximum fluorescence emission intensity of the fluorophores
present in the protein. The result represented by the fluorescence spectrum in Fig. 5.5
show that excitation at the 270 nm wavelength recorded approximately 344 nm for the
maximum fluorescence emission intensity. This observed emission spectrum is
characteristic of the aromatic amino acid residues basically tryptophan, phenylalanine

and tyrosine hence, an indication of the stability and folded state of the G4LZI3 protein.
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Fig. 5.5: Fluorescence spectroscopy spectra of G4LZI3. The absorbance at approximately 340 nm is
due to the fluorophores in the protein.
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5.4 Discussion
UV-Vis can be utilized as a sensitive method to assess subtle changes in

protein structure as well as to determine the protein concentration and purity. In

proteins, certain major chromophores are significant for UV/Vis spectroscopy these
include peptide bonds (amide bond), specific amino acid side chains majorly tryptophan,
cysteine and tyrosine. It must be noted that the absorption spectrum of a chromophore
is partly determined by its chemical structure (Fornander et al., 2014). The UV-visible
spectrum of G4LZI3 as seen in Fig. 5.1 confirms the in silico prediction that there is a
low abundance of aromatic amino acids in the protein; Trp (1 residue), Tyr (4 residues),
cysteine (1 residue) and Phe (6 residues). The spectrum also confirms that the protein
is free from nucleic acid which are common contaminants during protein expression.
Similar pattern of absorption at 280 nm has been reported for other recombinant protein
due to the aromatic residues in such proteins (Lv et al., 2015).

FTIR spectroscopy gives information on the secondary structure content of proteins.
The secondary structure stipulates consistent polypeptide chain folding arrangements of
helices, sheets, coils, and turns that add up to form the tertiary structure. Different
techniques are available for the elucidation of the tertiary structure of proteins including
prediction centred on the sequence and physicochemical properties of amino acid
residues and methods with better precision such as NMR spectroscopy and X-ray
diffraction. Fourier transform infrared (FTIR) spectroscopy is a useful tool for
characterizing of protein secondary structure, although the precision it offers is not as

excellent as that of NMR and X-ray diffraction (Aboul-enein et al., 2014).
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FTIR spectroscopy mechanism involve the shining of infrared radiation on a protein
sample and recording which wavelengths of radiation in the infrared region of the
spectrum are absorbed by the sample. Every compound possesses a characteristic set
of absorption bands in the infrared spectrum. Major distinctive bands seen in the
infrared spectra of proteins as well as polypeptides are the Amide | and Amide Il which
arise from the amide bonds attached to the amino acids. The absorption related to the
Amide | band causes stretching vibrations of the C=0O bond of the amide while
absorption linked with the Amide Il band leads mainly to bending vibrations of the N-H
bond (Gallager, 2009; Bunaciu et al., 2016).

Worthy of note is the fact that FTIR can be used to analyse proteins of up to 150-200
kDa and that it is not influenced or limited by the nature of the environment. However,
sensitivity reduces with excessively large protein size (Fabian and Mantele, 2002).
Characterization of G4LZI3 with FTIR showed that the protein has more a-helix as
component of its secondary structure. This result presented in Fig. 5.2 is in agreement
with the secondary structure prediction which revealed that the protein is made up of
good amount of helices. Previous studies reported the successful use of FTIR in
characterizing the secondary structure elements of recombinant proteins (Gross-
Selbeck et al., 2007; Weisman et al., 2010; Lv et al., 2015). However, the percentage of
each secondary structure elements present in the protein can further be ascertained
with the use of circular dichroism in which circularly polarized light pass through a
sample and the difference between absorption of the components of left and right is
measured. Different structural elements possess distinctive CD spectra; alpha-helical

proteins produce negative bands at 222 nm and 208 nm and a positive band at 193 nm
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while proteins with antiparallel beta pleated sheets produce negative bands at 218 nm
and positive bands at 195 nm. Disordered proteins produce extremely low ellipticity
above 210 nm and negative bands near 195 nm (Greenfield, 2006; Corréa and Ramos,

2009).

The structural stability of G4LZI3 was assessed with differential scanning calorimetry;
the result presented in Fig. 5.3 showed that the protein is thermodynamically stable at
temperatures below 110 °C. This result is in consonance with the in-Silico study which
predicted the instability index to be 34.97; this index implies that the protein is relatively
stable. Thermostability is a major factor to consider during the process of production of
recombinant proteins for further down-stream applications. A stable and properly folded
protein is an outright prerequisite for a successful biotherapeutic. Every biological
process relies on proteins that are stable and in the properly folded conformation (Nurul
and Azura 2012). The use of DSC in accessing the thermodynamic stability of
recombinant proteins have been previously reported (Togashi et al., 2002; Dedova et
al., 2004; Lepock, 2005). Mass spectroscopy is a widely-recognized technique
employed in eliciting information as regards the molecular masses of diverse molecular
species; specifically, it entails separation of molecules based on mass/size ratio of
ionized species within an electric field. Mass spectroscopy is an essential analytical
procedure for the characterization of recombinant proteins in the field of biotechnology.
It involves the analysis of intact protein or peptides derived from enzymatic or chemical
digestion using either LC-ESI-MS/MS (liquid chromatography-electrospray ionization
tandem mass spectrometry) or MALDI-TOF-MS/MS (matrix-assisted laser

desorption/ionization-time of flight tandem mass spectrometry (Gundry et al., 2009). It is
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observed that the mass spectroscopy result depicted by Fig. 5.4 is not in consonance
with the molecular mass of the protein predicted by computational analysis and the
mass consistently seen on the SDS-PAGE analysis of the protein, the reason for this is
not clear, it might be due to the unexpected proteolysis of the protein sample prior to the
analysis or an undetected default in the algorithm used for data analysis, further study

needs to be done to clear the ambiguity.

Fluoresence spectroscopy is an analytical method suitable for the analysis of the three-
dimensional structure of proteins. The side chains of the aromatic amino acid residues
namely; Phe, Tyr and Trp exhibit fluorescence when they are made to go through
excitation. The fluorescence is commonly dominated by the Trp side chains due to the
fact that it has stronger absorption as well as intensity of the emission than those of Phe
or Tyr. There is usually a change in the fluorescence emission spectrum of a protein if
there is a change in the structural conformation (Chelius et al., 2010). Hence, the
fluorescence spectrum of G4LZI3 as shown in Fig. 5.5 confirmed that the recombinant
protein is well structured and will be valuable for further study towards the

comprehensive characterization of the protein.

5.5 Conclusion

This chapter has successfully described the preliminary characterization of a novel
recombinant universal stress protein, G4LZI3 from Schistosoma mansoni. Results from
the different analytical procedures carried out has provided valuable information as
regards the characteristics of the protein as per its functional group composition,
secondary structure composition, foldedness, thermal stability and purity. These pieces
information are necessary for further study on the novel protein towards the
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determination of its mechanism of action in stress response as well as its utilization in
disease intervention either as a drug target, in design of novel diagnostic tool or in

vaccine formulation.
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CHAPTER SIX

RESEARCH CONCLUSION AND FUTURE PERSPECTIVES
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6.1 Conclusion

There is no gainsaying that much still need to be done in ameliorating the menace
attributed to schistosomiasis, especially in the area of emergence of alternative
treatment option aside praziquantel, formulation of vaccine and point-of-care diagnostic
tools. The increase in the use of recombinant proteins as therapeutic agents
necessitates the need to study the universal stress protein of Schistosoma mansoni
which has been hypothesized as a promising candidate druggable target for disease
intervention. Structural characterization of the G4LZI3 protein is an essential step
towards actualizing the goal of investigating if it will be useful for schistosomiasis

intervention.

Bioinformatics analyses of G4LZI3 showed that the 20.3 kDa protein is structurally
flexible, relatively stable, has good interaction with water and other aqueous
environment. The secondary structure elements of the protein might be responsible for
its stability, hydrophobic nature as well as its stability. Multiple sequence alignment
showed that this stress protein is highly conserved in several Schistosoma species as
well as other organisms. Furthermore, gene ontology prediction confirmed previously
stated studies that showed the universal stress protein family are generally implicated in
stress response and signal transduction. Data from the in silico study provided good

guide for the laboratory experimental procedures.

Novel recombinant protein G4LZI3 from Schistosoma mansoni was successfully cloned
in pQE30 cloning vector and expressed in E. coli host system. The expressed protein

was successfully purified to homogeneity.
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The pure recombinant protein produced was completely free from aggregations and
stable. This study showed that the protein expresses relatively well at various incubation
conditions. However, a major shortcoming of this study is the failure to produce an
isotopically labelled G4LZI3 within the limited timeframe of the research. Preliminary
characterization of the purified G4LZI3 showed it to be folded and thus would be
amenable to further structural characterization with solution structure NMR and X-ray
crystallography. A major determinant for the use of recombinant protein as druggable
target and vaccine target include it foldedness, stability, solubility and appropriate
physicochemical features. The outcome of this study is an indication that G4LZI3 is

likely to be a promising protein as drug and vaccine candidate.

6.2 Recommendation and future perspectives

It is recommended that further effort be made towards producing an isotopically labelled
version of G4LZI3 in order to further structurally characterize the protein using
heteronuclear Nuclear Magnetic Resonance (NMR) Spectroscopy. Additionally, it will be
worthwhile to determine the 3D structure of the protein with X-ray crystallography in
order to ascertain the computed 3D homology model of the protein. It is also pertinent
that the precise secondary structural elements in the protein be ascertained with circular

dichroism spectroscopy.
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APPENDIX I: GENERAL CHEMICALS AND ENZYMES

Chemical Company

40% 37.5:1 Acrylamide:bis-acrylamide solution Sigma

Acetic acid Merck
Agarose Biorad
Ampicillin Sigma
APS Biorad
Bacteriological Agar Merck
Bromophenol Blue Sigma
BSA Sigma
1-Butanol Sigma
Calcium Chloride Merck
Coomassie®protein assay reagent Sigma

Disodium Hydrogen Phosphate Heptahydrate Merck

Dithiothreitol (DTT) Sigma

Ethanol Merck

Ethidium Bromide Biorad
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EDTA

Glacial Acetic Acid
Glucose

Glycerol

Glycine
His-Select®Nickel Affinity Gel
Hydrochloric Acid
IPTG

Imidazole
Isopropanol
Lysozyme
Magnesium Chloride
Magnesium Sulphate
Methanol

PMSF

Potassium Chloride

Potassium Dihydrogen Phosphate

Precision Plus Protein™ Dual Color Standards

Merck

Merck

Merck

Sigma

Merck

Sigma

Merck

Roche

Merck

Merck

Sigma

Merck

Merck

Merck

Sigma

Merck

Merck

Biorad



Thermo Scientific Prestained Protein Molecular Thermo Scientific

Weight Marker

Restriction enzymes

Restriction enzyme buffer

Sodium Azide

Sodium Chloride

SDS

Snakeskin™ pleated dialysis tubing

Sodium Hydroxide

Sodium dihydrogen phosphate

TEMED

Tris

Tryptone powder

Yeast extract

Thermo Scientific

Biorad

Sigma

Merck

Sigma

Thermo Scientific

Merck

Merk

Sigma

Merck

Merck

Merck

191



APPENDIX II: Supplementary in-silico analysis results

Evaluation of residues (RAMPAGE VALIDATION OF SWISS MODEL HOMOLOGY MODEL OF
GALZI3

Residue [A 9 :LEU] (-156.91, 15.76) in Allowed region
Residue [A 38 :GLU] ( -47.32, -64.37) in Allowed region
Residue [A 49 :PRO] (-101.38, 50.75) in Allowed region
Residue [A 54 :ARG] (-144.28, 29.51) in Allowed region
Residue [A 55 :ASP] (-156.89, 44.46) in Allowed region
Residue [A 63 :PRO] ( -88.67, 112.95) in Allowed region
Residue [A 28 :CYS] (-171.62, -43.16) in Outlier region
Residue [A 29 :ASN] ( 129.21, -6.26) 1in Outlier region
Residue [A 50 :ASN] (-163.01, -51.08) in Outlier region
Number of residues in favoured region (~98.0% expected) : 66 ( 88.0
Number of residues in allowed region ( ~2.0% expected) : 6 ( 8.0
Number of residues in outlier region : 3 ( 4.0

Amino Acid composition

Pie chart showing the amino acid composition of G4LZI3 generated from PredictProtein.
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EMBL-EBI

Sequence search results

Databases » Structure Databases > PDBsum

erm

Sequence:

MSETEQPSTSDGLDIGETEGT ISMTDATREVLMPYDGEEHSERA FNWYMDNVHME I TDGL Y

LVHIVEPLEQGLNYNLASKEP

SIKDDFSHEHLNSLVESGRALRAKFFTRCEDSGLSARFT IHVGTEPGENIVR TAHEHGVDLV I IGNRGIGTVERTFLGSVED

¥YVLHHANVEVITTPEEKHPKEK
Sequence length: 184 residues.

Your sequence search retumed the following 59 hits:

PDB S-tage a.a. z-
code Model  Length identity overlap score Ligands
1. JminfA) - 143 295% 149 2330 ATP.
ray 1.70A
2. 3hom(A)  X- 147 30.3% 152 2243 ATP.
ray 1.90A
3. 3s31A) x- 145 24.5% 147 193.8 ATP, GOL, ACT.
ray 1.90A
4. 2Z08(A) X- 123 252% 147 1716 ATP.
ray 1.55A
5. 2z09(A) x- 124 26.5% 147 1715 ACP.
ray 1.65A
6. lwig(A) X- 135 267% 150 1710
ray 2.10A
7. 2z3v(A) x- 137 26.7% 150 17089 PGO.
ray 1.65A
8. 3loglA) X- 273 264% 148 1578 AMP ACT
ray 2.32A
9. 1tg8(A) X- 127 389% 54 1543
ray 2404
10.3hgm(C) X- 135 275% 149 1538 ATP.
ray 1.90A
11. 2dum(A) x- 143 31.5% 149 14886
ray 2.75A
12. 5ahwiC) X- 146 235% 149 1435 CMP, S04,
ray 2.15A POG.
13. 3ab7(A) x- 242 28.5% 130 1427
ray 2.52A
14.2om3(A) X- 153 26.3% 137 1420 AMP
ray 2 46A
15. Sahw(A) x- 125 352% 54 1408 CMP, 504,
ray 2.15A POG.
16.20m3(B) X- 145 255% 137 1314 AMP
ray 2 46A
17. 3abB(A) - 261 23.5% 149 1287 ATP.
ray 1.70A
18. 3diofA) X- 134 358% 53 1270 UNL ACT
ray 1.97A
18. 3ath(B) - 133 358% 53 127.0 D5M ACT.
ray 2.10A
20. JidfiA) x- 138 255% 149 1243 504.
ray 2.00A
21, Z2iax(A) - 261 2T74% 168 1238 ATP, UNX.
ray 3.22A
22. 2dlo(D) x- 135 37.7% 53 1233 UNL, ACT.
ray 1.97A
23. 3cis{A) x- 289 256% 160 1231 ATP.
ray 2.90A
24. 3502(A) X- 137 262% 84 41183
ray 1.64A
25, 1kdviA) x- 501 248% 137 1183 NAGNAG,
ray 2 504 NAG-NAG-
MAMN-
MAMN-MAN,
4PN.
26. 3idefA) X- 127 243% 148 1163  ATPFMT

htipfwww.ebi.ac uk/thornton-srv/databases/cgi- bin'pdbsum/FindSeguence.pl

Protein name

Structure-based assignment of the biochemical function of
hypothetical protein mj0577: a test case of structural genomics
Universal stress protein tead from the trap fransporter teaa halomonas
elongata

Universal stress protein uspa from lactobacillus plantarum

Crystal structure of uncharacterized conserved protein from thermus
thermophilus hb&

Crystal structure of uncharacterized conserved protein from thermus
thermophilus hb8

Crystal structure of a probable atp binding protein from the
themophilus hbd

Crystal structure of uncharacterized conserved protein from
thermophilus hb8

The crystal structure of a universal stress protein from arc fulgidus dsm
4304

Crystal structure of protein nv1636 from mycobacterium tuber h37rv

Universal stress protein tead from the trap fransporter teaa halomonas
elongata
Crystal structure of hypothetical protein, ph0823

Crystal structure of universal stress protein msmeg_3811 in complex
with camp

Crystal structure of the hypothetical tandem-type universal protein
ttha0350 from thermus thermophilus hba

Crystal structure of an universal stress protein family prot arabidopsis
thaliana at3g01520 with amp bound

Crystal structure of universal stress protein msmeg_3811 in complex
with camp

Crystal structure of an universal stress protein family prot arabidopsis
thaliana at3g01520 with amp bound

Crystal structure of the hypothetical tandem-type universal protein
ttha0350 complexed with atps.

Structure of universal stress protein from archaeoglobus ful

Structure of the universal stress protein from archaeoglobus in
complex with damp

The crystal structure of a usp-ike protein from wolinella succinogenes
to2.0a

Universal stress protein rv2623 from mycobaterium tuberculosis
Structure of universal stress protein from archaeoglobus ful

The crystal structure of w2623 from mycobacterium tuberculosis
Chlorella dutpase

Crystal structure of rabbit liver carboxylesterase in comple piperidine-
piperidine

Putative filament protein / universal stress protein f from pneumoniae.
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27.

ray 1.58A
3mi(A) X-

ray 2.00A
lkaf(B)  X-

ray 1.60A

29, 1kog(B)  X-

41.

Jury

42,

o

]

47.

449,

51.

oy

53.

55,

ray 2.80A

3zge(A)  X-
ray 2 49A

. 4bxh(A)  X-

ray 2 24A
dbxglA)  X-
ray 2.86A

lznv(B) X
ray 2.00A

) X

ray 1.97A
Awis(A)  X-

ray 257A

JmoA)  X-
ray 2.15A

. 4ITp(A)  X-

ray 2.30A
Agv2(A)  X-
ray 1.80A

| 4ITn(A)  X-

ray 1.80A

. AQul(A) X

ray 1.90A
4l6z(A)  X-

ray 2.00A
A70A) X

ray 2.00A

. AITolA) X

ray 2.00A
ATI(A) X-

ray 2.10A
4I7r(A) X-

ray 2.20A

. 3ce0(A) X

ray 2.80A
4TulA)  X-
ray 2.80A

. AQua(A) X

ray 1.80A
3cdhiA)  X-
ray 2.10A

. 2pad(A)  X-

ray 2.30A
3hbA)  X-
ray 2.30A

57.

58.

50,

289

289

916

929

929

311

149

125

350

354

353

354

354

354

354

353

353

352

352

357

357

357

357

357

920

454

e

35.3%

32.8%

328%

522%

52.2%

92.2%

277%

256%

375%

IN1%

329%

329%

329%

329%

32.9%

329%

32.9%

32.8%

329%

32.8%

329%

329%

329%

329%

32.9%

329%

47.8%

20.5%

241%

20.0%

200%

20.0%

200%

a1

64

64

48

46

46

63

125

96

74

70

70

70

70

70

70

70

70

70

70

70

70

70

70

70

70

46

&1

108

115

113

113

115

137

1134

1134

113.1 ASP, S04, EDO.

113.0

113.0 G&P, 504, EDO,

1118

111.7

11186

111.5

1109

1108

1108

1108

110.8

1108

110.8

110.8

1108

110.8

1108

107

1Mo7

107

10.7

107

110.6 ASP, EDO, S04.

1104

1104

1102

102

1102

102

Sequence search results
AMP. Crystal structure of universal stress protein from nitrosomo europaea
with amp bound
SF4,MGD, Fommate dehydrogenase n from e. Coli
HEM, CDL.
SF4.MGD, Fomate dehydrogenase n frome. Coli
CDL, HEM,
HQO.

EDO, 504,

PO4.
S04, EDO,
OXD.
ADP, EDO.
Ma5.
SME, DMS.
1VB.
BME, DMS.
1DC, DMS.
1v0, DMS.
1VD, DMS.
1VA, DMS.
MOD.
P34,
1ve.
MEJ, DMS.
DRL, DMS.
GAB, GOL.
GAB.

KU8.

EGR, PGE,
PG4, PEG.
BGC.

Greater efficiency of photosynthetic carbon fixation due fo single
amino acid substitution

Resolving the activation site of positive regulators in plant
phosphoenolpyruvate carboxylase

Resolving the acfivation site of posifive regulators in plant
phosphoenolpyruvate carboxylase

How a his-metal finger endonuclease cole? binds and cleaves
transition metal ion cofactor

Crystal structure of h119a mutant of ydaa (universal stress from
salmonella typhimurium

ThE C-terminal domain of rubisco accumulation factor 1 from
arabidopsis thaliana, crystal formii

Crystal structure of putative universal stress protein kpn_0 atpase

Human artd3 (parp3) - catalytic domain in complex with inhib me0395
Human artd3 (parp3) - catalytic domain in complex with inhib me0354
Human artd3 (parp3) - catalytic domain in complex with inhib sto1542
Human artd3 (parp3) - catalytic domain in complex with inhib me0355
Human artd3 (parp3) - catalytic domain in complex with inhib sto1168
Human artd3 (parp3) - catalytic domain in complex with inhib me0352
Human artd3 (parp3) - catalytic domain in complex with inhib sto1542
Human artd3 (parp3) - catalytic domain in complex with inhib me0368
Human artd3 (parp3) - catalytic domain in complex with inhib me0400

Human poly(adp-ribose) polymerase 3, catalytic fragment in complex
with an inhibitor pj34
Human artd3 (parp3) - catalytic domain in complex with inhib me0398

Human artd3 (parp3) - catalytic domain in complex with inhib me0328

Human pely{adp-ribose) polymerase 3, catalytic fragment in ¢ with an
inhibitor dr2313

Human pely{adp-ribose) polymerase 3, catalytic fragment in complex
with an inhibitor 3-amincbenzoic acid

Human poly{adp-ribose) polymerase 3, catalytic fragment in complex
with an inhibitor 3-aminobenzoic acid

Human pely{adp-ribose) polymerase 3, catalytic fragment in complex
with an inhibitor ku0058948

Greater efficiency of photosynthetic carbon fixation due to single
amino acid substitution

Tannin acyl hydrolase in complex with ethyl gallate

2.22 angstrom crystal structure of n-terminal fragment (resi 419) of
elongation factor g from legicnella pneumophila.

Determination of three crystal structures of canavalin by mo
replacement

The three-dimensional struciure of canawvalin from jack bean
ensiformis)

Determination of three crystal structures of canavalin by mo
replacement

Determination of three crystal structures of canavalin by molecular
replacement

MNote: The above models are ordered by: 1. decreasing z-score, 2. X-ray structures (in order of decreasing resolution), NMR structures, and
theoretical models, and 3. PDB code and chain id. Clicking on any PDB code takes you to the corresponding PDBsum page.

Mote: The abowe models are ordered by: 1. decreasing z-soore, 2. X-may structures {in order of decreasing resolution), MMR structures, and theoretical models, and 3. PDE code and
«chain id. Clicking on any POE code takes you io the comesponding PDBsum page.
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