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Abstract

Giardia is a major cause of diarrheal disease worldwide. It is a flagellated
cyst-forming enteric pathogen that inhabits the lumen of the small intestine. Two
genetically distinct lineages (assemblages A and B) are of public health relevance
and are often associated with water-borne outbreaks. Yet, the mechanism of
pathogenesis and virulence in Giardia is poorly understood. A soluble component
derived from healthy, viable and human infective Giardia trophozoites was shown
to be able to mediate profound changes in the physiology of human derived enteric
cells, consistent with the production of secreted virulence factors by the parasite.
Quantitative proteomic analysis was successfully applied to the whole parasite and
supernatants derived from the parasite in order to ascertain which parasite
proteins are secreted. The genome of Giardia is believed to contain open reading
frames which could encode as many as 6,000 proteins although hitherto there was
only direct evidence for expression of a few hundred of these. Approximately 1,600
proteins were identified from each assemblage, the vast majority of which being
common to both lineages. To look for actual enrichment in the supernatant, the
ratio of proteins in the supernatant was compared with the pellet. This defined a
far smaller group of putatively secreted proteins enriched comprising a high
proportion encoded by genes annotated to have signal peptides, known virulence
factors such as the Cathepsin B cysteine proteases and Variable Surface Proteins,
scavenging proteins such as an extracellular nuclease and a high proportion of
hitherto hypothetical proteins and proteins of unknown function. Further analysis
of the genes encoding these proteins indicated that they were highly variable and
likely to be under positive selection pressure, confirming their probable role in host-
pathogen interactions and their potential as markers for discriminating virulent
strains. Based on the proteomic analysis, a new model of pathogenic mechanism
for Giardia-induced damage to enteric epithelium in which extracellular nuclease,
Cathepsin B and Tenascin may have a concerted action was proposed and may have

important implications inthe understanding of Giardia pathogenesis.
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Chapterl

1.1/ Giardia Historical Background

In 1681, Antony van Leeuwenhoek described Giardia for the first time while
he was observing his own diarrhoeal stools under a microscope(Steuart et al., 2008)
(Ford, 2005, Dobell, 1920). The next description was not until 1859 when the
organism was described in greater detail by Vilém Dusan Lambl who thought this
parasite belonged to the genus Cercomonas. Thus, he named it Cercomonas
intestinalis. Thereafter, some investigators named the genus after Lambl while
others named the species infecting humans after him (Giardia lamblia) (Adam,
2001). In 1879, Battista Grassi discovered a rodent parasite, now known to be a
Giardia species, and named it Dimorphus muris apparently unaware of Lambl’s
earlier description. In 1882 and 1883, Johann Kinstler described an organism in
tadpoles (possibly G.agilis) that he named Giardia. It was the first time that Giardia
was used as a genus name. This genus name was chosen to honor Professor Alfred
Giard, an eminent french zoologist. Raphaél Blanchard, in 1888, suggested Lamblia
intestinalis after Lambl. Charles W. Stiles changed it to Giardia duodenalis in 1902
and to Giardia lamblia in 1915 to commemorate Professor Giard and Dr. Lambl
(Ford, 2005, Adam, 2001). The same year (1915), Charles A. Kofoid and Elizabeth B.
Christiansen proposed Giardia lamblia instead of Blanchard’s suggestion of Lamblia
intestinalis (Kofoid and Christiansen, 1915) and, in 1920, Kofoid and Christiansen
used Giardia enterica (Adam, 2001).

For many years, the naming of species caused controversy. Some
researchers suggested naming species on the basis of the host of origin, which
could have led to name over 40 species. On the other hand, others were focusing
on morphology like Charles E. Simon, in 1922, who used morphologic criteria to
distinguish between G. lamblia and G. muris and accepted the name G. lamblia for
the forms infecting humans (Simon, 1922).

In 1952, Francis Filice published a detailed morphologic description of
Giardia and proposed that three species names be used on the basis of the median
body’s morphology: G. duodenalis, G. muris and G. agilis (Adam, 2001). The names
for the human parasite Giardia duodenalis, Giardia lamblia and Giardia intestinalis

are all currently used despite the potential for confusion that this has created.
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Indeed, through the 1970s, the species name Giardia lamblia became widely
accepted; and, since the 1980s, some scientists have encouraged the use of the
name Giardia duodenalis. Moreover, in the 1990s, the use of Giardia intestinalis has
been encouraged. Since the beginning of the XXI century, the use of one of the
three names rather than another seems to have lessened. In fact, G. duodenalis, G.
intestinalis and G. lamblia appear to be used equally in publications. According to
PubMed, for a total of 12,256 publications on Giardia, 31 % (3,777) used the term
G. lamblia, 34 % (4,209) used G. intestinalis and 35 % (4,270) used G. duodenalis. In
2009, Monis and collaborator proposed a revised taxonomy based on genetics and
suggesting that each assemblage is a lineage evolving independently. G. duodenalis
was suggested for assemblage A, G. enterica for assemblage B, G. canis for
assembalges C and D, G. bovis for assemblage E, G. cati for assemblage F and G.
simondi for assemblage G (Table 1.1). However, these names have been hardly used
in publications. In 2013, however, 259 studies on Giardia were published, 145 (56%)
referred to Giardia as G. lamblia, the 114 publications left used equally G.
intestinalis (22 %) and G. duodenalis (22 %). For the purposes of this dissertation, |
will use Giardia to identify the species complex and | will identify the different

assemblages as itis currently common practice.

1.2/ Classification of Giardia

1.2.1/ Phylogeny

As described above, for many years, the classification of Giardia was only
based on morphology, which had led to the description of a large number of species
and a history of taxonomic confusion and controversy for the Giardia genus (Caccio
et al.,, 2005, Thompson, 2002). Today, with the development of molecular
techniques, genotypic classifications are based on sequence analysis of genetic
markers integrated with structural, biochemical correlations and with pathology;
which allows a more robust classification of Giardia and other protists (Plutzer et
al., 2010, Cavalier-Smith, 2003).

Traditionally, Giardia has been considered as belonging to Phylum

Sarcomastigophora, Subphylum Mastigophora (=Flagellata), Class
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Zoomastigophorea, Order Diplomonadida and Family Hexamitidae (Morrison et al.,
2007).

A decade ago, a new systematic classification was developed and based on
genetic, structural and biochemical data (Keeling et al., 2005). According to this,
Giardia would belong to Domain Eukaryota, Kingdom Excavata (unicellular
Eukaryotes which contain free-living and symbiotic forms and also some important
parasites of humans), Phylum Metamonada (large group of flagellate protozoa),
Subphylum Trichozoa, Superclass Eopharyngia, Class Trepomonadea, Subclass
Diplozoa, Order Giardiida, Family Giardiidae and Genus Giardia (Keeling et al., 2005)
The members of the Excavata kingdom, which is a divergent and controversial
“super-group”, are loosely united by a combination of morphological and molecular
evidence. The phylogenetic robustness of the Excavata kingdom as a whole has yet
to be determined; however, three subgroups are considered as clades: (i)
Preaxostyla (including Trimastix and Oxymonads), (ii) Fornicata (Diplomonads,
Retortamonads and Carpediemonas), (iii) an unnamed clade consisting of
euglenozoa, Heterolobosea and Jakobida (Hampl et al., 2009). In 2005, however,
Keeling et al showed that there were morphological similarities in cytoskeletal
ultrastructure uniting this kingdom (Keeling et al.,, 2005). In 2006, multigene
phylogenetic analyses of six nuclear-encoded protein-coding genes showed that
excavates were further associated (Simpson et al., 2006). In 2009, Hampl et al also
showed the monophyly of Excavata by progressively removing long-branch gene
sequences and taxa to decrease the long-branch attraction (LBA) artefact. However,
the robust monophyletic group obtained was still not fully recovered as globally
optimal (Hampl et al., 2009) (Fig 1.1). Although many studies suggest that Giardia
belongs to the eukaryotic super-group Excavata, the small nucleolar ribonucleic
acids (snoRNAs) latterly identified from Giardia might be considered to imply G.
lamblia emerged somewhat later or more adjacent to the higher eukaryotes (Luo et

al., 2009).
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1.2.2/ Taxonomy

The first original species descriptions were based on presumed host
specificity because all species possess cysts with the same morphology except for G.
microti which can be identified by the fact that its cysts contain two differentiated
trophozoites whereas cysts from other species contain a single trophozoite.
However, this was abandoned in favour of trophozoite morphology based on
comparisons initiated by Filice in 1952 (Monis and Thompson, 2003, Filice, 1952). In
the Genus Giardia, six species have been identified on the basis of light microscopic
(shape of trophozoite and median body) and electro microscopic (form of
ventrolateral flange, ventral disc and flagellum) characteristics (Figl.2) (Plutzer et
al.,, 2010, Monis and Thompson, 2003, Adam, 2001). G. agilis which infects
Amphibians; G. ardeae and G. psittaci are found in Birds; G. muris and G. microti are
found in rodents (Caccio et al., 2005, Adam, 2001). The sixth species, G. lamblia (G.
duodenalis or G. intestinalis), includes Giardia strains isolated from a large range of
mammalian hosts (Fig1.3).

Considering its wide host range and the small amount of morphological
variation displayed, Giardia lamblia can be considered as a species complex. Seven
distinct groups, named assemblages, are assigned to Giardia (assemblage A to G)
based on the genetic analysis of different Giardia genes such as triosephosphate
isomerase (tpi), glutamate dehydrogenase (gdh), and B-giardin (bg) genes. The
closely related genotypes are grouped into assemblages and sub-assemblages (Feng
and Xiao, 2011, Plutzer et al., 2010, Sprong et al., 2009, Adam, 2001).

Assemblage A and B are responsible for human infections and are also found
in a wide range of mammals. Assemblage A can also be found in livestock; and
assemblage B has been found in wildlife and dogs but to a much lesser extent than
in humans. The remaining assemblages show more restricted host ranges,
assemblages C and D are found in Canids, E in livestock, F in cats, and G in rodents
(Sprong et al.,, 2009, Caccio et al., 2005) (Table 1.1). Isoenzyme analysis of
laboratory-adapted strains and deoxyribonucleic acid (DNA) sequence analyses at

different loci showed the presence of subgroups, called sub-assemblages, in

25| Page



Chapterl
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Nucleus
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_ flagella Median bodies
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flagella flagella
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flagella
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Giardia
G. muris

G. agilis

Fig 1. 2: Morphological features of a Giardia trophozoite and examples of trophozoite
morphology of three species of Giardia (modified from Monis and Thompson, 2003, with
permission).
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Fig 1. 3: Dendogram depicting the genetic relationships of isolates of Giardia. (modified
from Monis et al, 2003, with permission). Genetic relationships of Giardia, G. muris and G.
ardeae were inferred by Neighbour-Joining analysis of allozymes of 21 enzymes detected in
different isolates (and, rarely, within single isolate), via isoenzyme profiles, using Roger’s
Distance. Roger’s distance was obtained from the mean Euclidean distance between allele
frequencies at each locus identified by allozyme analysis. The mean Euclidean distance is
considered as the shortest straight-line distance between the focal point (here Giardia) and
its nearest neighbour (G. muris, G. ardeae and Giardia different assemblages), the Euclidian
distance is based on the Pythagorean formula.
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assemblages A and B (Sprong et al., 2009, Monis et al., 1999). Some studies have
shown that assemblages A and B encompassed genetic groups | to IV, with sub-
assemblages Al, All, Blll, and BIV (Monis et al., 2009, Robertson et al., 2007, van der
Giessen et al., 2006, Monis et al., 2003, Mayrhofer et al., 1995). The Giardia sub-
assemblages Al and All were shown to cycle predominantly within defined hosts, Al
in livestock, All in humans; and these cycles don’t interact significantly (Monis et al.,
2009, Sprong et al., 2009). Some genotyping studies have, however, reported All in
dogs and cats in some Indian and Mexican communities (Ballweber et al., 2010,
Eligio-Garcia et al., 2008, Traub et al., 2004). A new sub-assemblage, Alll, was
identified in wild hoofed animals; (Sprong et al., 2009) (Table 1.1). In assemblage B,
two sub-assemblages were identified: Blll and BIV. In human isolates, these two
sub-assemblages were found with a very similar frequency (Sprong et al., 2009).
They were also found in other mammals (beavers, monkeys, marine animals) with a
similar frequency too but in a lesser prevalence than in humans (Sprong et al.,
2009) (Table 1.1). Several genes, such as tpi, bg and the small subunit rRNA gene
(SSU-rRNA) are used to discriminate Giardia DNA at an assemblage level; however,
only bg, tpi and gdh are sufficiently discriminatory to characterise amongst sub-
assemblages (Scorza et al., 2012, Sprong et al., 2009). Most sub-assemblage studies
only used single locus approaches to characterise and subtype strains from both
assemblage A and B which can lead to some discrepancy in the taxonomy. In order
to increase accuracy of Giardia assemblage and sub-assemblage investigations, a
multi-locus genotyping strategy is now used to study Giardia genetic diversity (Huey
et al., 2013, Scorza et al., 2012, Covacin et al., 2011, Lebbad et al., 2010, Caccio et
al., 2008). Beside assemblages A-G, a new Giardia assemblage was identified and
characterised in marine vertebrates (seals and gulls): Assemblage H (Lasek-
Nesselquist et al., 2010). This new assemblage was only isolated in a single
geographic area suggesting a local source; and it was also only genetically
characterised by gdh amplification. The amplification of tpi was also used to
characterise Giardia species but did not provide evidence of this new assemblage.
Moreover, tpi amplified sequences showed a bias towards assemblage B. Plus, none
of the other gene usually used to characterise Giardia species were used during this

study. Therefore, this assemblage H, isolated in marine vertebrates, cannot be
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completely accepted as a new Giardia assemblage yet and requires further
investigation.

In 2009, Monis et al proposed a revised taxonomy of Giardia species
including the host specificity (Monis et al., 2009) (Table 1.2). They showed that the
genetic distance separating assemblages A and B is at the same level as the genetic
distance separating the other suggested species. They stated that a revised
taxonomy of Giardia was necessary for two reasons. First, taxonomy should
recognise and reflect the biological and evolutionary differences within G. lamblia,
specifically the host specificity. Second, recognising the different assemblages as
distinct species could affect ways of thinking in terms of zoonotic potential and
human health threats. To Monis et al, the fact that the genetic characteristics of the
assemblages are preserved in sympatric, local areas where the cycles of
transmission possibly interact reinforces the argument that Giardia assemblages
represent independently evolving metapopulations. In their study, Monis et al
showed some limitations in the current taxonomy of Giardia. However, too many
studies have only used a single locus genotyping sequence to identify Giardia
assemblages and their subtypes. It has been shown that a gene history may be
different from a species phylogeny (Heled and Drummond, 2010). Indeed,
discrepancies such as horizontal transfer, lineage sorting and gene
duplication/extinction, between a single locus tree and a species tree may be
problematic for closely related species and sub-species. Therefore, more genetic
information on the different assemblages and sub-assemblages are needed to
determine whether or not assemblages are distinct Giardia species. Using the multi-
locus genotyping approach instead of a single marker may determine if a new

taxonomy is required for Giardia.
1.2.3/ Sex: an important factor to consider when classifying
all forms of life such as Giardia

The origin of sex has always been a central evolutionary question in

phylogeny and taxonomy. Indeed, one of the major innovations in eukaryotes was
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Table 1.1: Giardia species and theirrelationship with their hosts.

Giardia species

Major hosts

G. agilis

G. ardeae
G. psittaci
G. muris

G. microti
G. lamblia:

Assemblage A
Sub-assemblage Al
Sub-assemblage All
Sub-assemblage Alll

Amphibians
Birds

Birds

Rodents
Muskrats, Voles

Livestock, pets
Humans
Wild hoofed animals

Assemblage B

Humans, wildlife and dogs

Sub-assemblage Bl
Sub-assemblage BIV

Assemblage C/D
Assemblage E
Assemblage F
Assemblage G
Assemblage H

Canids

Livestock

Cats

Rodents

Marine Vertebrates

Table 1.2: Revised taxonomy of Giardia and other species (Monis et al., 2009, with

permission).

Species (= assemblage)

Host

G. duodenalis {=assemblage A)
G. enterica {= assemblage B)
G. agilis

G. muris

G. psittaci

G. ardeae

G. microti

G. canis {=assemblage C/D)
G. cati {=assemblage F)

G. bovis {=assemblage E)

G. simondi {= assemblage G)

Humans and other primates, dogs, cats, livestock, rodents,and other wild mammals

Humans and other primates, dogs, some species of wild mammals
Amphibians

Rodents

Birds

Birds

Rodents

Dogs, other canids

Cats

Cattle and other hoofed livestock

Rats

“Designation based on original taxonomic descriptions
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the origin of sexual reproduction by meiosis with its consequences for effecting
genome-wide recombination (Cavalier-Smith, 2002). Genetic exchanges have been
extensively studied in protists such as kinetoplastids and apicomplexans (Heitman,
2006, Gaunt et al., 2003, Bingle et al., 2001). And vet, little is known about sex in
other protists such as Giardia and other metanomads. Several studies have though
suggested that Giardia might undergo sexual reproduction (Lasek-Nesselquist et al.,
2009, Logdson, 2008, Cooper et al., 2007, Heitman, 2006, Ramesh et al., 2005,
Tibayrenc et al., 1991).

In eukaryotes, sexual reproduction is accomplished by meiosis. It is a
specialised process of cell division that results in haploid cells (Villeneuve and
Hillers, 2001, Heywood and Magee, 1976). In 2001, Villeneuve and Hillers identified
stereotypical reductive division in meiosis as a major evolutionary innovation in
eukaryotic cells; stipulating that the delineation of its history might be key to
understanding the evolution of sex. In 2005, Ramesh et al identified a set of genes
encoding homologues of known components of the “core meiotic recombination
machinery”. By conducting a phylogenic study of the genes found in Giardia and
their putative homologues in other eukaryotes, Ramesh et al showed that the
Giardia genes are orthologs of their counterparts in organisms known to undergo
sexual reproduction. From the 17 meiotic genes identified, all but four were found
in Giardia. According to Ramesh et al, when compared to the same genes in the
databases of animals, plants and fungi known to have meiotic sex, each to the four
genes not found in Giardia is also missing from one or more sexual organisms
(Birky, 2005, Ramesh et al., 2005). None of these genes contain mutations that
would interrupt their open reading frames (ORFs) (Birky, 2005). Such mutations
would accumulate in non-functional genes and not in functional genes; which
shows that Giardia might be capable of sexual reproduction.

Population genetics studies have analysed the diversity of genes at
molecular levels, focusing on allelic sequences. Alleles are alternate forms of a gene
that vary from each other in sequence, yet code for the same polypeptide or RNA
(Birky, 1996). Alleles usually occupy the same locus on a particular chromosome. In
diploid or polyploid organisms, the copies (two or more) of a gene can be the same

or different alleles; this is referred as allelic homozygosity and allelic heterozygosity
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respectively (Birky, 1996). A population genetics theory suggests that high levels of
divergence in a lineage are evidence that the lineage has been asexual for a very
long time. Indeed, organisms that asexually reproduce do not share alleles among
lineages; and the allelic copies begin to acquire different mutations from the
moment that sexual reproduction is lost (Birky, 1996). In 2008, Poxleitner et al
suggested that a fusion of the two Giardia nuclei might occur during the
encystation of Giardia trophozoites; this phenomenon of nuclear fusion is called
karyogamy and is found in many polyploid and haploid organisms (Poxleitner et al.,
2008, Birky, 1996, Tibayrenc et al., 1991). According to Poxleitner et al, this
potential karyogamy of Giardia nuclei could result to Giardia genome’s low levels of
allelic heterozygosity. In their study, Poxleitner et al also showed that karyogamy
and material genetic exchanges take place during encystation using fluorescence in
situ hybridization (FISH) and transmission electron microscopy (TEM). Moreover,
two other studies showed that recombination and genetic exchanges within and
between assemblages were possible in Giardia; using population genetics study,
polymerase chain reaction (PCR) and sequencing, genealogies and tests for
recombination (Lasek-Nesselquist et al., 2009, Cooper et al., 2007). However,
despite the fact that genetic exchange was shown to be possible in Giardia via tests
for recombination, this phenomenon hasn’t been directly observed in Giardia yet.
The only conclusions we can draw from Lasek-Nesselquist et al., Poxleitner et al.,
Cooper et al., and Ramesh et al. studies are: (i) Giardia might be capable of meiosis
and, thus, sexual reproduction; (ii) the evolution of meiosis might have happened
early in the eukaryotic evolution; and (iii) the “conserved meiotic machinery” is
composed of a set of genes that encode a variety of component proteins (Lasek-
Nesselquist et al., 2009, Poxleitner et al., 2008, Cooper et al., 2007, Birky, 2005,
Ramesh et al., 2005).

The studies by Cooper et al (2007) and Lasek-Nesselquist et al (2009)
provide convincing evidence that Giardia exhibits genetic exchange. However,
direct evidence of meiotic recombination is still lacking. Furthermore, if meiotic
reproduction does take place in Giardia, its frequency should be determined as well

as the mechanism of meiotic reproduction involved. Ascertaining whether meiotic
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reproduction occurs in Giardia will yield a better understanding of Giardia's

phylogeny and taxonomy (Morrison etal., 2007, Birky, 1996).

1.3/ Giardiasis, transmission and health importance

1.3.1/ Transmission

Transmission of Giardia occurs via direct contact with infected humans or
animals, or via ingestion of contaminated water or contaminated food.
Transmission of protozoan pathogens by contaminated food can occur via 3 main
routes: (i) through contamination of food ingredients on the farm by polluted
irrigation water, (ii) through contaminated materials involved in the final step for
product processing or washing, or (iii) through transfer or spread via infected food
handlers or food preparers (Dawson, 2005). Food transmission of Giardia mainly
happens by cross-contamination via people with children in nappies and/or pets.
The first food transmission by food handler was reported in 1981 by Osterholm et
al. In this outbreak, 29 people developed giardiasis; investigations showed that this
outbreak was caused by eating contaminated home-canned salmon. A child in
nappies was present in the home where contaminated food was prepared; it was
therefore suggested that the child was infected with Giardia and that the food
preparer failed washing her hands after changing the child nappies before handling
food (Smith et al., 2007, Porter et al., 1990, Osterholm et al., 1981). In 1990, Porter
et al reported another giardiasis outbreak caused by eating contaminated fruit
salad. A child in nappies was also present in the food handler's home in this case.
The first hypothesis of contamination for this case was the same as for the first
outbreak due to home-canned salmon, the food preparer failed to wash her hands
after changing the nappy and before handling the food. However, a pet rabbit was
also present in the case reported in 1990 by Porter and collaborator. This rabbit
may have been positive for Giardia when it entered the home and therefore was
excreting cysts. Cysts may have been transferred to the food preparer’'s hands who
failed to wash her hands prior to handle the fruit salad. In both cases,
contamination came from food handlers failing to wash their hands before cooking

which shows the importance of a good hygiene prior to handle any raw food.

33| Page



ChapterlI

During the outbreak reported by Porter and collaborator, the question of whether
domestic animals could have also played a part in this transmission had been
raised. In 2005, Hunter and Thompson discussed the possibility of zoonotic
transmission of Giardia by comparing different case control studies. They came to
the conclusion that zoonotic transmission is not strongly supported for giardiasis.
Indeed, most types of Giardia are adapted to single host species which reduces the
probability of zoonotic transmission as a major contamination route for Giardia
(Hunter and Thompson, 2005) (Table 1.1).

The cyst, which is the infective form responsible for the infection
dissemination, is excreted in the environment by infected hosts. It can remain
viable and infectious for long periods in a moist, cool environment (WHO, 2008). In
2006, Roberston and Gjerde studied the resistance of Giardia cysts and their
viability in a Norwegian river environment over winter time. After 39 days, viable
cysts were still detected in the control samples (constant temperature: +4°C in cold
chambers) but not after 54 days. For the cysts in the river environment, viable cysts
were detected up to 29 days (water temperature varied between 7.3 and 1.1°C
over the 162 days of winter) (Robertson and Gjerde, 2006). In 1954, Rendtorff
determined that Giardia had a low infective dose, between 10 and 100 cysts had to
be ingested by the host to develop the symptoms of giardiasis. According to the
World Health Organisation (WHO), fewer than 10 cysts represent a meaningful risk
of infection for one host (WHO, 2008, Rendtorff, 1954). Although Giardia cysts have
been shown to be resistant to cold water for long period of time, it has been
suggested that their infectivity may not be as high as for freshly excreted cysts
(Alum et al.,, 2012). A new method combining RT-PCR with electrophysiology
analysis of cell culture post-trophozoite attachment (ECC-RT-PCR) was developed to
test the viability and infectivity of Giardia cysts (Alum et al., 2012). However, this
technigue was only tested on G. muris and only for its development. For how long
Giardia cysts remain infective has yet to be investigated.

One of the most efficient ways to remove microorganisms from drinking
water is through a filtration process. Filtration consists in the physical removal of
turbidity and microorganisms (Betancourt and Rose, 2004). During filtration, water

passes through a pore structure composed of diverse bed materials such as a bed of

34| Page



Chapterl

sand (sand filtration), a layer of diatomaceous earth which are siliceous
sedimentary rocks (diatomaceous earth filtration), and a combination of coarse
anthracite coal overlying finer sand (dual- and tri-media filtration) (Betancourt and
Rose, 2004). However, a study showed that conventional water treatment systems
did not always ensure the complete removal of waterborne parasites as some
Giardia cysts were found (LeChevallier et al., 1991). This study also suggested that
high disinfection levels or more efficient disinfection procedures were required to
protect against passage of Giardia cysts. Chlorination is the disinfection step the
most used in most countries to obtain water for human consumption; but Giardia
cysts are highly resistant to chlorination (Betancourt and Rose, 2004). Most of the
giardiasis outbreaks are due to contaminated recreational/drinking water (Nichols
et al., 2009, Karanis et al., 2007, Hunter and Thompson, 2005, Wallis et al., 1996).
Swimming in contaminated waters and swimming pools has also been recognised
as an important route of transmission. Contamination of recreational waters and
swimming pools are due to human/animal wastes, accidental faecal contamination
and rainfall/storm waters (Nichols et al., 2009, Shields et al., 2008, Karanis et al.,
2007). Besides the transmission via contaminated treated water, several studies
have highlighted the major role of untreated water, such as lakes and rivers (Hunter
and Thompson, 2005, Welch, 2000). Untreated water is mainly used by populations
from developing countries in which main urban areas have water treatment
systems; but these systems are not extended to agricultural areas. Populations use
water from rivers and lakes on a daily basis for purposes such as cooking, drinking,
bathing, swimming and washing food. The lack of latrines can also contribute to a
high transmission rate; inhabitants are defecating directly into the water (Noor
Azian et al., 2007, Balcioglu et al., 2007, Prado et al., 2003, Cifuentes et al., 2000)
Infected hosts act as a reservoir potentially contaminating new
environments when releasing cysts in their faeces. In 1954, Rendtorff showed that
the duration of cysts shedding may vary from 5 to 41 days after the end of the
symptoms for most patients after feeding prisoners with different doses of Giardia
cysts from asymptomatic human donors. However, for two patients, the release of

cysts persisted for 129 and 132 days. According to Rendtorff, symptoms usually last
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for 6 to 15 days, with an average of 9.1 days, in immunocompetant people

(Rendtorff, 1954).
1.3.2/ Pathology and epidemiology

1.3.2.1/ Giardiasis

Giardiasis clinical manifestations are highly variable between infected hosts
and can range from acute to chronic infections; while some individuals may remain
asymptomatic. The incubation period usually varies from 9 to 15 days with an acute
stage generally beginning with a feeling of intestinal disturbance, nausea and
anorexia (Wolfe, 1992). The main symptom of giardiasis is diarrhoea which
generally leads to the disease diagnosis. Characteristically, the diarrhoea is watery
and can be explosive and foul-smelling; it is often associated with fatigue and loss
of weight. The other typical symptoms developed by infected hosts are bloating,
abdominal pain, vomiting, and mild-fever (Cotton et al., 2011, Wolfe, 1992,
Flanagan, 1992). Diarrhoea can occur with or without malabsorption syndrome.
Malabsorption may be responsible for the loss of weight; even in the absence of
diarrhoea, nutrients may be malabsorbed (Beaumont and James, 1986).
Occasionally, some non-specific symptoms, such as lassitude, headache and
myalgia, occur during a chronic phase (Wolfe, 1992). Moreover, some extra-
intestinal symptoms may occur including polyarthritis, apthous ulceration, or
urticaria (Flanagan, 1992). These symptoms can also be associated with failure to
thrive. Children, especially infants, are more infected than adults (Botero-Garces et
al., 2009, Bartlett et al., 1991); those malnourished and from developing countries
in particular (Botero-Garces et al., 2009). Several studies have shown the relation
between Giardia infections and stunting in infected children. Children with chronic
giardiasis often fail to thrive and may develop growth defects (Kotloff et al., 2013,
Botero-Garces et al., 2009, Berkman et al., 2002, Sullivan et al.,, 1991). Early
childhood diarrhoeal illness has been associated with stunted growth which may
lead to low cognitive function, metabolic syndromes and pre-diabetes, altered
intestinal mucosal architecture associated with changes in small bowel functions,

reduced enterocyte mass, and evidence of immune activation and inflammation of

36|Page



Chapterl

the mucosa (Scharf et al., 2014, Kotloff et al., 2013, Johnston et al., 2013, Barakat
and Halawa, 2013, Richard et al., 2013).

The acute phase of giardiasis may last for days to weeks. The host factors,
such as immune status, diet, age or concomitant intestinal microbiota, play a partin
the severity of symptoms and the duration (Cotton et al., 2011, Robertson et al.,
2010, Grazioli et al., 2006); Giardia parasite factors, such as genotype, resistance to
treatment and ability to evade the host immune system have key roles in the
severity and duration of the disease (Robertson et al., 2010). The acute stage can
often be followed by a chronic phase; chronic symptoms may be sporadic,
continuous, intermittent or recurrent with episodes of diarrhoea. This chronic stage
may last for years. Immunocompromised individuals seem more at risk to undergo
chronic giardiasis. Indeed, patients with hypogammaglobulinemia have been
associated with a predisposition to develop chronic giardiasis; although HIV
patients don’t seem to show increased sensitivity to Giardia infection (Nkenfou et
al., 2013, Oksenhendler et al., 2008, Escobedo and Nunez, 1999). This suggests that
CD4* T lymphocytes may not be the T cells involved in the clearance of Giardia
during infection. Chronic giardiasis seems to have an increased frequency in
patients with immunodeficiency diseases such as Immunoglobulin (Ig) deficiency, X-
linked agammaglobulemia (XLA), and common variable immunodeficiency (CVID)
(Agarwal and Mayer, 2009, Herbst et al., 1994, Hermaszewski and Webster, 1993).
XLA, Ig deficiency and CVID are either responsible for defective mature B cells or for
failure to normally develop and differentiate B cells into plasma cells (Agarwal and
Mayer, 2009, Herbst et al., 1994). The most common immunodeficiency is an Ig A
deficiency. Luminal Ig A might play a role in the clearance of parasite; therefore, the
lack of secretory Ig A in patients may allow attachment and proliferation of
intestinal parasites such as Giardia (Agarwal and Mayer, 2009). CVID has also been
suggested to cause a T cell dysfunction due to the fact that gastrointestinal
diseases, and giardiasis in particular, are more common in patients with CVID
(Herbst et al., 1994). However, why some patients with CVID develop
gastrointestinal diseases while others do not still remains unclear (Agarwal and

Mayer, 2009)
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A few studies also showed similarities of symptoms between Giardia
infections, especially chronic infections, and irritable bowel syndromes (IBS).
D’Anchino et al, in 2002, demonstrated the association of persistent low grade
inflammation with faecal persistence of Giardia; while Grazioli et al, in 2006,
investigated the prevalence of Giardia in 137 patients with IBS (Grazioli et al., 2006,
D'Anchino et al., 2002). To prevent information and observational bias, Grazioli et al
excluded from their study patients with previous gastrointestinal consultations,
patients with symptoms lasting for more than one year, patients who had recently
been taking anti-inflammatory drugs and antibiotics. Patients with alarming
symptoms, such as weight loss, vomiting and bleeding were also excluded of the
study. They evaluated the presence of Giardia infection in patients with IBS via (i)
direct search of parasites in duodenal biopsies, (ii) histological examination of
duodenal biopsies and (iii) parasitological evaluation of stool samples. They showed
that 6.5 % of these patients with IBS also had giardiasis. A significant association
between giardiasis and H. pylori infection was also found in the 137 patients
selected for this study. Indeed, 14 % of patients diagnosed with H. pylori had
giardiasis while 1% of patients without H. pylori had giardiasis. This suggests that
the two infections might share some risk factors such as a common route of
transmission (Grazioli et al., 2006, Moreira et al., 2005). These results showed that

Giardia may be a common cause of IBS-like symptoms.

1.3.2.2/ Epidemiology

Giardia is one of the most widespread protozoa causing diarrhoea in the
world with approximately 200 million symptomatic individuals, and 500,000 new
cases reported each year (WHO, 1996). Giardia is especially common in areas
where poor sanitary conditions and defective water treatment prevail. In the
United Kingdom (UK), the United States (US) and Mexico, giardiasis seasonality has
been shown to have a peak incidence during late summer. However, no seasonal
pattern has been observed during day care outbreaks (Ortega and Adam, 1997).
This waterborne pathogen has a prevalence of 2 to 5 % and 20 to 30 % in
industrialised and developing countries respectively. Several studies have shown

that children were more frequently infected than adults, particularly those
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malnourished. The prevalence of Giardia infection in infants, and children under 10
years old, vary between 15 to 20 % in developing countries (Noor Azian et al., 2007,
Ortega and Adam, 1997).

Recent studies using PCR suggest that the proportion of reported giardiasis
represents 5% of common waterborne diseases; and that campylobacteriosis and
salmonellosis are the most common waterborne diseases in Europe with
proportions of 55% and 35% respectively (Fig 1.4 A) (ECDC, 2013, ECDC, 2012).
These studies also show that reported cases of Giardia infection accounted for 8%
of all reported cases of gastro-intestinal infections in the UK (Fig 1.4 B.) (PHE, 2013,
ECDC, 2013, ECDC, 2012). In the US, similar studies show that approximately 20 %
of all the reported cases of common gastro-intestinal diseases between 2004 and
2013 were giardiasis (Fig 1.4 C) (CDC, 2013). Giardiasis appears to have a very low
incidence rate in European countries where Giardia infection were reported and
monitored (Fig 1.5). The highest and lowest incidence rates were observed in
Bulgaria, with an incidence rate of 234.1 reported cases per million per year, and in
Lithuania, with an incidence rate of 0.843 reported cases per million per year,
respectively (Fig 1.5) (ECDC, 2013, ECDC, 2012, ECDC, 2010a). When compared to
the other European countries with an incidence rate for giardiasis, the UK has one
of the highest incidence rates observed, with 58.9 reported cases per million per
year (Fig 1.5) (ECDC, 2013, ECDC, 2012, ECDC, 2010a).

Assemblage A and B are associated with human infections; their distribution
varies considerably among studies and within the same country. Feng and Xiao
reviewed the analysis of over 4,000 human isolates, from different geographical
areas, by PCR amplification of DNA extracted from faeces. According to them,
assemblage B appears to be slightly more common in both industrialised and
developing countries than assemblage A, in the case of endemic giardiasis. Indeed,
708 cases in developed countries and 1,589 cases in developing countries have
been reported as assemblage B infections; for assemblage A, 482 and 1,096 cases
have been reported in developed and developing countries respectively (Feng and
Xiao, 2011). Even with the data summarised in this chapter, there is only a small
amount of data available to epidemiologically link Giardia genotypes/subtypes — in

source and/or drinking water- and human endemic giardiasis. Data on human
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Fig 1. 5: Giardiasis incidence rate per country in Europe between 2006 and 2011 (ECDC,
2013, ECDC, 2012, ECDC, 2010a). Incidence rates for giardiasis were calculated via the

Number of cases arising inthe countryover 6 years
! g for each

following formula: - ,
Average population number of the country between 2006—2011

European country with available data on number of Giardia infection between 2006 and
2011. Incidence rates were expressed in Number of reported cases per million peryear.
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giardiasis epidemiology in outbreaks are very limited. However, a systematic review
analysed 14 publications on Giardia sporadic infections, outbreaks and case-control
study from 22 countries and suggested that assemblage B was more present, during
outbreaks, than assemblage A or assemblages A/B co-infection, with 60, 35 and 5%
respectively (Caccio and Ryan, 2008). Even if assemblage B seems overall more
present that assemblage A, no strong conclusions can be yet drawn from current
data available. The fact that genetic exchange was shown to be possible in vitro
suggests that Giardia may be capable of genetic recombination among member of
the species complex (Caccio and Ryan, 2008, Poxleitner et al., 2008, Cooper et al.,
2007, Ramesh et al., 2005); as a consequence, its virulence may vary according to
the genetic exchange occurring during infection. Many questions still remain
unanswered and more investigations are needed to understand Giardia infection
epidemiology.

Giardiasis is associated with wide symptomatology, ranging from the
absence of symptoms to acute or chronic diarrhoea, malabsorptive and allergic
manifestations, weight loss, vomiting and childhood failure to thrive; but whether
the severity of the disease is influenced by host, parasite, or host-parasite factors
remains still largely unknown (Feng and Xiao, 2011, Caccio et al., 2005). The study
of the association between Giardia assemblages and virulence has produced some
inconsistent and contradictory results so far. Some studies have linked assemblage
A to mild intermittent diarrhoea and assemblage B to severe, acute or persistent
diarrhoea (Feng and Xiao, 2011, Caccio and Ryan, 2008, Caccio et al., 2005, Homan
and Mank, 2001). Other studies have linked assemblage A to severe giardiasis and
assemblage B to asymptomatic to mild giardiasis (Feng and Xiao, 2011, Read et al.,
2002). Another study, realised in south-west London between 1999 and 2005, has
shown similar epidemiological and clinical features. But differences between both
assemblages, in term of fever intensity, have been observed; assemblage A being
more frequently associated with fever than assemblage B, and yet, assemblage B is
predominant in the urban UK setting (Breathnach et al., 2010). At present, data
available for assemblage virulence are inconclusive (Nash, 2013, Feng and Xiao,
2011, Breathnach et al., 2010, Caccio and Ryan, 2008, Caccio et al., 2005, Homan

and Mank, 2001). The exact contribution of Giardia genetic variability to
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symptomatology and virulence is still under debate and requires further
investigation.

Mixed infections have also been reported in several studies and countries,
the percentage of mixed infections ranges from 2 % to 21 % (Gelanew et al., 2007).
Most of these infections are assemblage A/B; some studies have identified
assemblages A or B with C or D (canine-specific) infections (Traub et al., 2009).
Mixed infections of assemblages A and F (cat-specific) have been identified in
humans in Ethiopia (Gelanew et al., 2007). However, none of these results could be
confirmed by analysis of either tpi or ssu rRNA genes (Feng and Xiao, 2011, Traub et
al., 2009, Caccio and Ryan, 2008, Gelanew et al., 2007). These mixed infections are

endemic and have only been observed in small local communities.

1.3.3/ Control and prevention

Nine national and international institutions: the Centre for Disease Control
and Prevention (CDC), the World Health Organization (WHO), the New Zealand
Ministry of Health (NZMH), the National Health Service (NHS), the National Travel
Health Network and Centre (NaTHNaC), the “Institut de Veille Sanitaire” ( the
French Centre for disease control, InVS), the Canadian Public Health Agency (PHAC),
the Manitoba Public Health Branch (MPHB), and the European Centre for Disease
control (ECDC), were consulted to establish the main recommendations for the
control and prevention of giardiasis. In this survey, 9 out of 9 showed the same
recommendations for the prevention and control of giardiasis (WHO, 2013,
NaTHNaC, 2013, MPHB, 2013, NZMH, 2013, InVS, 2012, ECDC, 2010b, CDC, NHS,
PHAC). The most important recommendation is to maintain general good hygiene
by washing hands before and after handling food, after changing nappies and using
the toilet. Raw food such as fruits and vegetables should be washed with
uncontaminated water; it is also suggested to avoid faecal exposure during sexual
activity. Potentially contaminated water such as recreational bodies of water
(swimming pool) and untreated drinking water (shallow wells, lakes, rivers, ponds,
streams) should not be swallowed (Lebwohl et al., 2003).

Potentially contaminated water can be treated by boiling it for longer than

one minute or by filtering it through a pore size of one um (or smaller). Public water
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supplies are regulated and treated according to standard protocols; which vary

from one country to another according to their own laws and regulations.

1.3.4/ Clinical diagnosis and typing

The identification of Giardia can be achieved either by using classical
diagnostic methods such as serological and microscopic techniques or by using

molecular techniques for diagnosis and genetic analysis.

1.3.4.1/ Classical diagnostic methods

X/

o Microscopy

The conventional detection method of Giardia cysts is microscopy; and the
microscopic examination of stool is the most established diagnostic technique
(Koehler et al., 2013, Lebwohl et al., 2003). Other biological samples such as
duodenal, tissue, environmental and or/water samples are also examined via
microscopy in order to detect and identify Giardia (Schuurman et al., 2007, Behr et
al., 1997, Sauch, 1985). Some morphological features of the trophozoite such as
median body shape and location, shape, ventro-lateral disc length, length of caudal
flagella, and number and shape of nuclei, can be used for the identification of
Giardia. It is however impossible to identify trophozoite or cysts to species level via
light microscopy; staining techniques can however be used to help detect these
Giardia stages and differentiate them from other micro-organisms and
environmental debris present within samples (Koehler et al., 2013, Adam, 2001).

Simple staining protocols can be performed, such as Lubol’s iodine staining,
iron-haematoxylin, Giemsa and trichrome (Zhang et al., 2012, Arbo et al., 2006,
Kellogg and Elder, 1999, Shetty and Prabhu, 1988); or cysts can be concentrated
using, for example, formalin-ether (Koehler et al., 2013, Wegayehu et al., 2013).
Motile trophozoites can also be detected by direct microscopy of fresh samples,
smears being immediately prepared with warm (37°C, saline solution. Dead
trophozoites can be detected by air-dried faecal smears stained with Giemsa. Due
to the fact that Giardia infection is localised in the upper part of the gastrointestinal
tract, cyst excretion is intermittent and multiple successive faecal samples analysis

is required for a period of 1 to 2 weeks (Koehler et al., 2013).
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X Immunological tools

In the detection of Giardia cysts and trophozoites, the use of immunological
techniques can be advantageous over microscopy. Fluorescence microscopy can
also be used to detect Giardia cyst and trophozoites. Indeed, fluorescence
microscopy and direct fluorescence antibody (DFA) such as a fluorescein
isothiocyanate-conjugated anti-Giardia antibody recognising surface epitopes, such
as 65 kDa Giardia antigen, on cysts have been shown to be very efficient, with a
sensitivity and specificity average ranges between 85% to 100% and 99 to 100 %
respectively for the detection of cysts in faecal smears and environmental samples
(Table 1.3) (Koehler et al., 2013, Rimhanen-Finne et al., 2007, Aldeen et al., 1998).

The detection of Giardia antigens in faecal samples, coproantigens, is
another way of detecting Giardia infections. Enzyme-linked immunoassays such as
enzyme-linked immunosorbent assays (ELISAs) have been used, and have shown
high specificity and sensitivity with a range between 63 and 100 % (Aldeen et al.,
1998, Behr et al.,, 1997). Immuno-chromatographic (IC) tests have also been
achieved and have given variable specificity and sensitivity depending on study,
between 79 to 100 % and 26 to 100 % respectively (Elsafi et al., 2013, Goni et al.,
2012, Costache et al., 2009, Garcia and Garcia, 2006, Pillai and Kain, 1999).
However, a study determined that the sensitivity of coproantigen assays could be
lower than microscopic approaches (Johnston et al., 2003). Most IC tests are easy to
implement and are usually a combined set of several antibodies to test for different
parasites. This could affect the specificity of the test as cross-reactions may occur
when testing for several pathogens (Koehler et al., 2013). Variation in the different
assays diagnostic performance may also be due to intermittent shedding of cysts
and Giardia antigens. A decreased sensitivity might be correlated to a low numbers
of cysts in faeces or trophozoites in the host intestine (Strand et al., 2008). In their
study, Strand et al suggested that coproantigen methods are useful in an outbreak
setting but not for diagnosis of patients with refractory or persistent giardiasis
following treatment. Yet, coproantigen detection methods have the capacity to
detect infections prior to the cysts excretion in the host faeces; which makes them

one the best choice for a cost-effective and rapid screening of large numbers of
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faecal samples (Koehler et al., 2013, Johnston et al., 2003); but, like widely used
diagnostic techniques, they do not currently allow for the identification and

characterisation of Giardia species or genotypes.

1.3.4.2/ Molecular techniques

Since classical diagnostic methods cannot be used to distinguish between
different species and assemblages of Giardia, various nucleic acid-covalent
techniques have been developed to identify and characterise Giardia and the
genetic variations within and amongst Giardia species and assemblages. Some
molecular methods rely on specific in situ hybridisation of probes to particular
genetic loci within Giardia genome, but most rely on the specific amplification of
one or more loci from small quantities of genomic DNA by PCR. Such studies have
contributed to a better understanding of Giardia biology, epidemiology and
population genetics (Feng and Xiao, 2011, Ankarklev et al., 2010, Adam, 2001).
Comparative studies between microscopic, enzyme immunoassays and PCR have
shown that molecular techniques were highly sensitive and specific with a range

between 80 % and 100 % (Elsafi etal., 2013, Goni et al., 2012).
X8 DNA fingerprinting

PCR-fingerprinting coupled methods depend on the screening of a genome
in search for neutrally evolving repetitive DNA, and also for variation in organisation
and sequence length. These techniques do not necessarily require prior knowledge
of the genome or genes to characterise a parasite, which can be advantageous.
However, the genetic fingerprint of Giardia cyst or trophozoite isolates represents a
population of organisms rather than an individual. The random amplification of
polymorphic DNA analysis (RAPD) has been applied to Giardia because of its ability
to detect variation within and among populations of a particular species (Pelayo et
al., 2003, Welsh and McClelland, 1990, Williams et al., 1990). In RAPD analysis, only
a single arbitrary primer is used instead of two sequence-specific primers (Deng and
Cliver, 1999). At first, RAPD was considered useful due to its ability to amplify from
small amounts of genomic DNA and its capacity to rapidly screen genomes for

variation (Hadrys et al., 1992). But, some significant issues with the specificity and
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reproducibility of RAPD were found because of the low stringency often used in PCR
(Perez et al., 1998). Also the fact that a single arbitrary primer is used may give false
positive results due to the techniques susceptibility to contaminant-organism or
foreign DNA; and is therefore recommended for Giardia only with axenic isolates
grown in vitro (Deng and Cliver, 1999).

Minisatellites display allelic hypervariability due to differences in repeat
copy number within alleles, hence variation in size (Jeffreys et al., 1985). They have
been shown to be a very useful tool in the discrimination between Giardia
individual strains and in epidemiological analysis (Carnaby et al., 1995, Carnaby et
al., 1994, Upcroft et al., 1990). The use of the human polycore minisatellite probes
33.6 and 33.15 and the M13 phage DNA probe were shown to allow the
identification of a range of putative hypervariable minisatellites in Giardia (Carnaby
et al., 1995, Upcroft et al., 1990). Even with such promising results, the study of
Giardia minisatellites to identify between strains has surprisingly been neglected
over the last 20 years. The development and use of minisatellites probes for Giardia
may give more insights on Giardia taxonomy as its taxonomy is still under debate.
Indeed, fingerprinting minisatellites may allow identifying whether Giardia
assemblages are different species or not; and therefore, it may also allow a better

discrimination on a sub-assemblage/species level.

X8 Restriction fragment length polymorphism-, specific-, real time-,

multiplex PCR and sequencing

Discrimination of Giardia species and assemblages are based on single-
nucleotide polymorphisms (SNPs). PCR techniques using specific primer pairs for a
selective amplification of different genetic loci, followed by enzymatic cleavage or
sequencing, are employed. The Giardia specific key markers used for this are:

» Genes coding for B-giardin (bg), elongation factor 1-a (efl-a), triose-
phosphate isomerase (tpi), glutamate dehydrogenase (gdh), and
variable surface proteins (vsp)

» The Giardia lamblia open reading frame-C4 (GLORF-C4)

» Nuclear ribosomal RNA genes such as 185 rRNA and internal

transcribed spacer1 and 2 (ITS-1, -2)
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SSU sequence can also provide useful genetic markers for specific identification of
Giardia as it has relatively low intraspecific and relatively high interspecific
sequence variations (Koehler et al., 2013, Feng and Xiao, 2011).

Additional markers, used to achieve assemblage or sub-assemblage
identification based on specific PCR, RFLP or sequencing are present in the tpi, bg,
and gdh genes (Monis et al., 1999). These genes have been used in systematic
investigation of Giardia to provide the basis of the current classification of
members within the Giardia genus (Feng and Xiao, 2011, Caccio and Sprong, 2010,
Sprong et al., 2009). In addition, ITS of ribosomal DNA (rDNA) are also useful for
assessing genetic variability within Giardia species due to their higher intraspecific
variation compared to the rRNA gene regions examined thus far (Caccio and
Sprong, 2010).

PCR-based restriction fragment length polymorphism (PCR-RFLP) approach
is sometimes also used for the genetic analysis and classification of Giardia
(Robertson et al., 2007). Although this approach has been proven useful, it does not
detect all sequence and length variations within and between amplicons. This is due
to the fact that the restriction enzymes used only recognise a small number of
potentially variable sites. The problems of this approach can also include an
incomplete enzymatic digestion of amplicons and/or sequence variations within
individual amplicons leading to a misinterpretation of the RFLP profiles obtained
(Koehler et al., 2013). The “gold-standard” for detecting genetic variation and
polymorphism remains DNA sequencing and comparative analysis; which can be
applied to single-copy as well as multi-copy genes; with the condition that there is
sequence homogeneity between copies of target genes (Sprong et al., 2009).
Moreover, DNA sequence data analysis is suitable for direct, comparative genetic
and phylogenetic studies at any time. However, some data have shown some
incongruity in genotyping results when different genetic loci are targeted. Indeed,
the difficulty in assigning some isolates, predominantly for specimen from humans
and dogs, has been raised (Feng and Xiao, 2011, Sprong et al., 2009). The high
prevalence of mixed infections may be one factor contributing to the incongruity
observed. To overcome this issue, the multi-locus genotyping (MLG) approach has

been increasingly used to characterise Giardia. Yet, the grouping of the parasites
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into individual MLGs has been further complicated by the fact that many isolates
may exhibit double peaks at specific positions in electropherograms. In 2010,
Lebbad et al observed double peaks in electropherograms in assemblages B, C, D
and E isolates but never in assemblages A, F and G isolates. This suggests that MLG
approach may be more useful for the typing of assemblage A isolates (Lebbad et al.,
2010, Caccio et al., 2008).

Real time quantitative PCR (g-PCR) enables the monitoring of DNA
amplification as it occurs in vitro (Koehler et al., 2013). This PCR can be combined
with the high resolution melt (HRM) approach which allows the detection of
mutations, polymorphisms and epigenetic differences in double-stranded DNA
(dsDNA) (Koehler et al., 2013). This approach has been used for the specific
detection of Giardia species or assemblages (Zhang et al.,, 2012, Almeida et al.,
2010, Haque et al., 2007, Bertrand et al., 2004). However, HRM analyses may not
always be able to delineate multiple, distinct types of sequence, such as paralogues,
within samples; particularly if the melting temperature or melting profiles of such
sequences are similar, which can induce merging of peaks resulting in an
uninterpretable profile (Koehler et al., 2013). Yet, the high-throughput potential
and relatively low cost of HRM analysis as well as its ability to differentiate between
Giardia isolates, make the HRM combined g-PCR approach a suitable tool for the
identification and differentiation of Giardia species and population variants if
suitable genetic markers are used.

Multiplexed tandem-PCR (MT-PCR), which combines a primary phase of
target loci enrichment with an analytical phase using primary amplification as
template, and Luminex, which used fluorescently dyed micro-beads for large scale
genotyping, approaches have also been shown to have a great potential for
medium to large scale epidemiological studies of Giardia and other waterborne
pathogens (Jex et al., 2012, Taniuchi et al., 2011, Stark et al., 2011). Multiplex PCR
consists in the amplification of multiple genetic loci, representing either the same
organisms or multiple organisms, in a single reaction. Although useful, multiplex
PCRs can raise significant problems due to potential cross-hybridisation or
competition between multiple primer sets which could result in poor PCR

amplification and/or the generation of non-specific products (Koehler et al., 2013,
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Elnifro et al., 2000). The development of MT-PCR addresses some of the limitations
of multiplex PCR. MT-PCR consists of two amplification phases: (i) a primary phase
to enrich target loci using multiplexed primers in a few PCR cycles (10-15 cycles),
each primer pair targets a distinct genetic locus which is coupled to (ii) an analytical
phase where a highly diluted product from the primary amplification is used as a
template (Jex et al., 2012). During this analytical phase, the targeted amplification is
performed in tandem for each genetic locus using a specific nested-PCR rather than
by multiplex (Jex et al., 2012). A comparative study showed that MT-PCR exhibited
100 % sensitivity and specificity compared to the “gold-standard” that is microscopy
(Stark et al., 2011). The micro-beads used in the Luminex approcah are internally
dyed with fluorescent dyes to produce specific spectral address (Koehler et al.,
2013, Taniuchi et al., 2011). The beads high-density digital coding allows the
tracking of the target organisms but also of other important identifiers such as
sample code and type, geographical origin, collection date, and reagent kits, which
could provide a robust detection approach for multiplex assays (Koehler et al.,
2013). This should enable the development and implementation of effective water
and environment surveillance programmes. Moreover, a recent study combining
Luminex assays with TagMan array card (TAC) system allowed the detection of 19
enteropathogens, including Giardia, with a specificity and sensibility of 96 % and 98
% respectively suggesting that combining molecular and bioinformatics techniques
may be the answer to a better and faster diagnostic of Giardia infection and

giardiasis (Liu etal., 2013).

<> Genomic comparison

Most of the Giardia genotyping studies have relied on the sequence
characterisation of human and animal-derived cysts and trophozoites using only
SNPs (Caccio and Ryan, 2008, Caccio et al., 2005). However, some data showed
inconsistent genotyping results when different loci were targeted (Caccio et al.,
2008). The development of genomics tools for Giardia has provided new insights on
assemblages A and B whole genomes and genes function (Adam et al., 2013, Perry
et al., 2011, Franzen et al., 2009, Morrison et al., 2007). These studies have also

highlighted assemblage-specific genes which could potentially be good targets for a
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faster characterisation of Giardia during an infection. In addition, genomics
approach is a fast and low cost technique as it doesn’t require the amplification of
DNA sequences to compare different samples and data are processed through

database via bioinformatics tools.

X Fluorescent in situ hybridisation (FISH)

Fluorescently labelled oligonucleotide probes are used to specifically detect
target sequences within RNA or DNA. Most FISH assays used for cyst detection have
relied on the hybridisation of the RNA rather than the DNA of a cell; targeting a
variable region of the small subunit (SSU) of rRNA. This is due to the fact that rRNAs
are transcribed to high abundance within the cell. (Bednarska et al., 2007, Lemos et
al., 2005). It has been suggested that only viable cysts would be detected due to
RNA degradation after cell death; thus, rRNA would not be detectable in dead cysts.
This makes FISH probes of use to study the cyst viability in faecal or environmental
samples (Dorsch and Veal, 2001). However, the use of FISH probes for cyst viability
assays is dependent on the rate of target decay. It has been assumed that this
decay is fast upon cell death, but this remains to be quantitatively assessed for
rRNA. It is likely that the rate of degradation will vary depending on different
environmental conditions such as temperature, pH or potential RNase
contamination due to cellulardamage.

Several studies have demonstrated the utility of FISH probes as a
dependable method to detect cysts, but most of the probes used to date have not
yet allowed for reliable discrimination between species or assemblages (Koehler et
al., 2013). Nonetheless, in one study probes to the rRNA SSU were able to
discriminate between Giardia muris, Giardia ardeae and Giardia Ilamblia

(=duodenalis/intestinalis) (Erlandsen et al., 2005).

1.3.5/ Treatment

Giardia infections can remain asymptomatic or induce severe and/or
chronic giardiasis, in which case treatment is generally indicated (Gardner and Hill,
2001). Recent studies have shown strain-specific pathogenicity of different

genotypes and possibly some sub-genotypes in rodent models (Solaymani-
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Mohammadi and Singer, 2011, Benere et al., 2011). Yet, in humans, association
between strain-specific genotypes and clinical symptoms have been inconclusive so
far (Hahn et al., 2013, Robertson et al., 2010). Six main classes of agents are
currently used to treat giardiasis (i) Nitroimidazoles, (ii) Quinacrine, (iii)
Furazolidone, (iv) Benzimidazoles, (v) Paromomycin, and (vi) Bacitracin zinc

(Gardner and Hill, 2001).

1.3.5.1/ Nitroimidazoles

The nitroimidazoles, in particular metronidazole (MTZ), were discovered in
1955 and were found to be highly effective against several protozoan such as
Trichomonas vaginalis or Entamoeba histolytica (Durel et al., 1960) (Fig 1.6 A.). MTZ
[1-(B-hydroxyethyl)-2-methyl-5-nitroimidazole; Flagyl] was reported to be effective
against giardiasis in 1962 (Darbon et al., 1962, Durel et al.,, 1960). MTZ current
model of action suggests its intracellular reduction to a toxic radical form via
Giardia anaerobic metabolic pathway and by several parasites reductases, including
pyruvate: ferredoxin oxidoreductase (PFOR), nitroreductase and thioredoxin
reductase (Nillius et al., 2011, Leitsch et al., 2011). Indeed, pyruvate: ferredoxin
proteins from the parasite donate electrons to the drug’s nitro group; after
reduction of this nitro group, MTZ becomes “activated”, and a gradient allowing
MTZ intracellular transport is established (Hahn et al., 2013, Gardner and Hill,
2001). Once activated, the reduced MTZ binds to the parasite DNA macromolecules
which results in DNA damage in the form of loss of helical structure, impaired
template function and strand breakage. This DNA damage results in the death of
the trophozoite (Gardner and Hill, 2001). In addition, MTZ also inhibits trophozoite
respiration (Upcroft and Upcroft, 1998, Paget et al., 1989). Since its discovery, MTZ
and other nitroimidazoles (such as tinidazole and ornidazole) have been the first
choice for the treatment of giardiasis.

MTZ is readily and completely absorbed after oral administration, it
penetrates body tissues and secretions such as saliva, breast milk or semen and
vaginal secretion. MTZ is mainly metabolised in liver and excreted in the urine
(Gardner and Hill, 2001, Lau et al., 1992). Since their discovery, MTZ and other

nitroimidazoles (tinidazole, secnidazole, benzoyl MTZ, nimorazole and ornidazole)
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have been the first choice for the treatment of giardiasis. However, patients treated
with nitroimidazoles can show a wide range of mild to severe side effects (Table
1.4). The most common side effects of MTZ treatment include headache, metallic
taste, vertigo, nausea. In addition, pancreatitis, central nervous system toxicity, at
high doses, and transient reversible neutropenia (abnormally low number of
neutrophils) have all been attributed to MTZ (Gardner and Hill, 2001, Harris et al.,
2001, Thompson et al., 1993). The other nitroimidazoles used in the treatment of
giardiasis have been shown to provoke mild side effects such as nausea, anorexia,

and abdominal pain (Harris et al., 2001).

1.3.5.2/ Quinacrine

Quinacrine (Mepacrine/Atabrine) was first introduced as antimalarial drug in
1930; it became an important agent against Giardia after World War Il (Gardner
and Hill, 2001) (Fig 1.6 D.). Quinacrine has been proven to be very effective by
different studies, and to have one advantage over nitroimidazole drugs as it also
kills cysts as a decrease excystation was observed in both in vitro- and patient-
derived cysts (Harris et al., 2001, Gillin and Diamond, 1981). The antiprotozoal
mechanism of action of quinacrine has yet to be fully elucidated; however several
alternative hypotheses have already been suggested. Firstly, this drug is thought to
interfere with flavin compounds of enzymes such as NADH oxidase, which could
decrease the oxygen consumption by the parasite (Paget et al., 1989). Secondly,
quinacrine is a known cholinesterase inhibitor and therefore could be involved in
the inhibition of Giardia acetylcholine pathway. Finally, quinacrine is thought to
intercalate with the parasite DNA, thereby inhibiting the nucleic acid synthesis
(Gardner and Hill, 2001, Thompson et al., 1993).

Quinacrine is rapidly absorbed from the intestinal tract and widely
distributed in body tissues. Quinacrine is clinically very effective against Giardia;
some studies have indeed shown an average 95 % efficacy over 5 to 10 days (Wolfe,
1992, Kavousi, 1979). Yet, this drug has been reported to have a very wide range of
adverse effects from a bitter taste, vomiting and nausea to more severe symptoms
such as blood dyscrasias (pathologic conditions or disorders in which the blood’s

constituents are either abnormal or present in abnormal quantity), toxic psychosis,
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insomnia, myalgia, or haemolysis on glucose-6-phosphate dehydrogenase deficient

patients (Harris et al., 2001, Gardner and Hill, 2001) (Table 1.4).

1.3.5.3/ Furazolidone

Furazolidone is a member of the nitrofuran family which was discovered in
the 1940s (Fig 1.6 B.). Furazolidone is effective against many bacterial infections,
including Klebsellia spp., Clostridium spp., Campylobacter spp., Staphylococcus
aureus and E. coli (Harris et al.,, 2001, Gardner and Hill, 2001); and in 1960,
furazolidone was reported to be an effective antigiardial agent (Webster, 1960). As
for Quinacrine, forazolidone mechanism of action is not completely explained and
requires further investigation. It is thought to undergo reductive activation in
Giardia trophozoite, like metronidazole (MTZ). However, instead of being reduced
by ferredoxin |, furazolidone may be reduced by NAD(P)H oxidases as well as PFOR.
This is mainly due to the fact that nitrofurans have a more positive redox potential
than nitroimidazoles (Brown et al., 1998, Upcroft and Upcroft, 1998). Once
reduced, forazolidone is thought to damage important cellular components
including DNA. In one study, furazolidone was shown to act on two specific stages
of Giardia cell cycle, S and G2+M; which indicates an inhibition of DNA synthesis
and of the cell cycle completion (Hoyne et al., 1989).

Furazolidone is promptly absorbed via the gastrointestinal tract and
metabolised by body tissues; which leads to low concentrations in serum and urine.
According to a few studies, about 10 % of patients treated with furazolidone
reported gastrointestinal symptoms such as nausea, vomiting, diarrhoea, malaise.
Other side effects can also include a brown discoloration of urine, haemolysis in
glucose-6-phosphate dehydrogenase-deficient patients, urticaria, hypersensitivity,
pruritus (itching sensation) (Gardner and Hill, 2001, Wolfe, 1992) (Table 1.4). The
drug has also a monoamine oxidase (MAQ) inhibitory effect and should not be given
to individuals taking MAO inhibitors. Plus, some rare cases of disulfiram-like
reaction were reported when furazolidone was taken with alcohol (Gardner and

Hill, 2001).
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Fig 1. 6: The four most used antigiardial drugs (modified from Harris et al, 2001 and
Upcroft and Upcroft, 1998 with permission). A. Metroinidazole, member of the
Nitroimidazole family drugs and main way of treatment of giardiasis. B. Furazolidone, a
nitrofuran compound used in treatment of many bacterial infections and giardiasis. C.
Albendazole,member of the Benzimidazole family drug, used in treatment of many
parasitic worm infections and giardiasis. D. Quinacrine, a substituted acridine and
antimalarial drug also effective against Giardia. E. Paromomycin (or humatin) member of
the aminoglycoside family, indicated for the treatment of E. hystolitica, T. vaginalis and
Giardia.
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1.3.5.4/ Benzimidazoles

Benzimidazoles are bicyclic aromatic compound formed by the fusion of
benzene and imidazole. Their chemotherapeutic property against helminths and
parasites was established in the 1950s. Thousands of benzimidazole molecules
were synthetized but only a few had an effect on parasites. Amongst these agents,
two were shown to have an effect on Giardia infections and used to treat giardiasis:
albendazole (Fig 1.6 C) and mebendazole (Aguayo-Ortiz et al., 2013, Gardner and
Hill, 2001). Benzimidazole agents exert their toxic effect on parasites by binding to
the B-tubulin cytoskeleton, resulting in the disruption/inhibition of cytoskeleton
polymerisation and impaired glucose intake (Gardner and Hill, 2001, Venkatesan,
1998). It has been postulated that the colchicine site in the microtubules may play a
role in the benzimidazole binding to the giardial B-tubulin (Clark and Holberton,
1988, Lacey, 1988). In 1994, Katiyar et al suggested that the glutamic acid 198 (Glu
198) on the B-tubulin amino acid chain may be involved without being able to prove
it. However, a recent study has demonstrated that this amino acid (AA) was
involved in the benzimidazole-B-tubulin binding (Aguayo-Ortiz et al., 2013, Katiyar
et al., 1994).

Benzimidazoles are poorly absorbed by the gastrointestinal tract, although
their absorption can be improved by co-ingestion of a fatty meal. Compare to the
other types of drugs used in the treatment of giardiasis, benzimidazoles have less
side effects on patients (Table 1.4). During a short-term use, it may cause anorexia
and constipation; and during a long-term use, a high dose of albendazole can cause
reversible neutropenia and elevated hepatic enzyme levels (Gardner and Hill, 2001,
Liu and Weller, 1996). Due to a possible teratogenicity, albendazole is contra-

indicated in pregnancy.
1.3.5.5/ Paromomycin and bacitracin zinc
X Paromomycin

Paromomycin, also called humatin, is a member of the aminoglycoside
family and is a broad-spectrum antibiotic (Fig 1.6 E.). Paromomycin was first

isolated in 1956 and shown to be effective against T. vaginalis and E. histolytica
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infections. It was also proposed as a treatment for Giardia in resistant infections
and during pregnancy (Gardner and Hill, 2001, Kreutner et al., 1981). Paromomycin
inhibits Giardia protein synthesis by interfering with the parasite’s 50S and 30S
ribosomal subunits; which causes the misreading of messenger RNA (mRNA) codons
(Edlind, 1989).

Paromomycin is poorly absorbed from the intestinal lumen; indeed, it has
been shown that even large-dose of oral administration achieve only minimal
concentrations in the patients’ blood and urine (Kreutner et al., 1981). However,
due to this minimal absorption, Paromomycin is selectively toxic as its action
depends on the unique giardial ribosomal RNA (rRNA) structure (Edlind, 1989). Via
in vitro susceptibility testing, its activity against Giardia has been demonstrated to
be lower than the activity of nitroimidazoles, quinacrines or forazolidones
(Boreham et al., 1985, Gordts et al., 1985). Paromomycin can cause side effects
such as ototoxicity and nephrotoxicity if absorbed systemically (Table 1.4).
However, with limited systemic absorption, toxicity should not be a problem for

patients with normal kidney function (Gardner and Hill, 2001, Harris et al., 2001).

o Bacitracin zinc

Bacitracin was first isolated in 1945 from a strain of Bacillus; it used
systemically against severe staphylococcal infections until 1960 when its toxicity
and the development of other antibiotics restricted its use. To promote stability
into the bacitracin complex, zinc was added, giving it the name of bacitracin zinc
(Gardner and Hill, 2001, Kucers et al., 1997). Following the in vitro demonstration of
its action against E. histolytica and Trichomonas, bacitracin zinc was found to be
active against Giardia (Andrews et al., 1995, Andrews and Bjorvatn, 1994, Andrews
et al., 1994). Bacitracin acts on pathogens by interfering with their
dephosphorylation step in cell membrane synthesis. Undecaprenyl pyrophosphate
is an important molecule involved in the peptidoglycan synthesis. The tight binding
of bacitracin to undecaprenyl pyrophosphate was shown to prevent undecaprenyl
pyrophosphate hydrolysis. As a result, undecaprenyl monophosphate, the product
of undecraprenyl pyrophosphate hydrolysis, is less available for binding with the

UDP-peptidyl N-acetylmuramic acid (UDP-MurNAc) — pentapeptide complex to
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initiate the second stage of the peptidoglycan synthesis suggesting that cell wall
biosynthesis was inhibited (Ming and Epperson, 2002).

Some adverse effects such as diarrhoea, abdominal discomfort and nausea
were observed in some patients. The use of bacitracin zinc can also lead to
nephrotoxicity and gastrointestinal disturbance with prolonged oral administration

(Gardner and Hill, 2001) (Table 1.4).

1.3.5.6/ Drug resistance and new chemotherapeutic agents

X Drug resistance and relapse

Besides the fact that all the antigiardial drugs can provoke adverse effects in
patients (Table 1.4), treatment failures have also been reported for all of them.
However, it is important to differentiate between drug resistance, cure followed by
reinfection and post-Giardia lactose intolerance. If it is a reinfection (positive stool
sample examination for Giardia antigen), re-infected patients should respond to
original therapeutic agent used; reinfections are common in Giardia endemic
regions around the world and in situation of poor faecal-oral hygiene. Therefore,
risk factors should be assessed and guidance on hygiene and prevention should be
given to re-infected patients. Disaccharidases are enzymes present in the intestinal
lumen which cleave complex sugars such as lactose into simple sugars such as
glucose (Bayless and Christopher, 1969). Deficiency in disaccharidase activity leads
to an increase of complex sugars concentration within the intestinal lumen; this
excess of complex sugar acts as osmotic loads resulting in an outpouring of fluid
into the small intestine which increases the gastrointestinal motility (Bayless and
Christopher, 1969). Post-Giardia lactose intolerance is the most common
disaccharidase deficiency associated with giardiasis; it can occur in 20 to 40 % of
patients with Giardia infection (Gardner and Hill, 2001). Thus, if the stool sample
examination is negative for Giardia, patient will be advised to avoid lactose-
containing food, and this syndrome may last for several weeks but will normally
resolve eventually.

True treatment failure could mean that patients are infected with a drug-

resistant Giardia isolate. Resistance to most antigiardial drugs has been
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documented or studied in vitro; and different drug class susceptibilities for several
genotypically different clones of Giardia found in the human duodenum were
observed (Upcroft and Upcroft, 2001, Upcroft et al., 1999, Carnaby et al., 1994,
Farthing, 1992). A consistent correlation between in vitro resistance and clinical
failure or success has yet to be determined; which still leaves unanswered the
question of true parasite resistance for Giardia. When clinically resistant strains
have been identified, treatments with longer repeat courses or higher doses of the
original drug are given to the patients (Gardner and Hill, 2001). Yet, the most
successful way of eradicating Giardia seems to be the use of a drug from a different
class to avoid potential cross-resistance. However, this may not be always effective
e.g. Brasseur and Favennec reported that two of their patients failed albendazole
treatment following two courses of MTZ but did respond positively to quinacrine
(Brasseur and Favennec, 1995). In case of failure, the last option is to combine
drugs together to increase the response from patients. For example, MTZ-
albendzole, MTZ-quinacrine, or a nitroimidazole plus quinacrine; for courses of at

least two weeks (Gardner and Hill, 2001).

<> New chemotherapeuticagents

Most of the drugs used in the treatment of giardiasis have considerable side
effects and are, most of the time, contraindicated (Gardner and Hill, 2001, Harris et
al., 2001) (Table 1.4). Therefore, the study of new chemotherapeutic agents plays a
fundamental role in the rationale for the treatment if Giardia infections.

In 2009, Muller et al reported Giardia protein disulfide isomerases (PDI),
more specifically PDI2 and PDI4 and Giardia lamblia Nitroreductase-1 (GINR-1), as
promising targets for new drugs (Rossignol, 2010, Muller et al., 2007). A study has
shown that GINR-1 increases Giardia susceptibility to nitro drugs such as MTZ and
albendazole; this study also suggests that GINR-1 may play a role in the reduction of
the nitro drugs used in the treatment of giardiasis (Nillius et al., 2011). In another
recent study, Giardia has been shown to be highly sensitive in vitro to
tetrahydrolipsatin, an anti-obesity drug also called Orlistat (Hahn et al., 2013).
Orlistat is a derivative of the naturally occurring lipase inhibitor lipstatin from

Streptomyces toxytricini (Hahn et al., 2013, Weibel et al., 1987). Orlistat was shown
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to inhibit pancreatic lipases making it a good anti-obesity drug (Hahn et al., 2013,
Borgstrom, 1988). Although lipid metabolism is crucial for rapid proliferation and
survival of organisms, Giardia was shown to have restricted resources to synthesis
and metabolise lipid suggesting that Giardia depends strongly on the exploitation of
lipids supplied by the host environment (Das et al., 2002). According to Hahn et al,
Orlistat may inhibit Giardia’s growth; it may also alter the parasite trophozoite’s
morphology and detachment, in vitro. Even with promising targets and drugs, in
vivo model experimentations are required as Giardia’s susceptibility may vary
according to the infective strain. There is also an important need of standardisation

for the evaluation of antigiardial drugs.

1.4/ Biology of Giardia

During its life cycle, Giardia alternates between two different stages (Fig 1.7)
(i) the infectious cyst stage, found in external environment (Fig.1.8 A.) and (ii) the
trophozoite stage, found in host small intestine (Fig. 1.8 B.). Giardia infections are
initiated by ingestions of cysts from contaminated water or food, or through direct

faecal-oral contact (Carranza and Lujan, 2010, Adam, 2001, Adam, 1991).

1.4.1/ Cyst structure

The cyst is the infective form of Giardia and is resistant to the external
environment conditions as well as to the gastric acid in the stomach of the infected
host. The Giardia cyst contains four nuclei and is approximately 5 by 7 to 10 um in
diameter, and is covered by a wall of 0.3 to 0.5 um thickness composed of an outer
filamentous layer and an inner membranous layer with two membranes (Fig.1.8A).
The outer portion of the wall is surrounded by a web of 7- to 20-nm filaments
whereas the inner portion contains an outer and inner cyst wall membrane
separated by a thin layer of cytoplasm (Adam, 2001, Adam, 1991, Erlandsen et al.,
1990). Four major proteins (29, 75, 88 and 122 kilodaltons (kDa) in size) have been
identified in the outer wall by the hybridization of cyst wall-specific antibodies to
specific bands on Western immunoblots (Adam, 1991, Reiner et al., 1989).
Immunogold electron microscopy has been used to localise these proteins to the

filamentous structures of the outer portion of the cyst wall (Adam, 1991, Erlandsen
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et al., 1990). Flagellar axonemes, vacuoles, ribosomes and fragments of the ventral

disk are found inside the cyst wall

1.4.2/ Trophozoite structure

Trophozoites are non-invasive, and proliferate while attached to the
epithelial cells of the gut. They are the primary cause of the clinical manifestation of
the disease (Adam, 1991). Trophozoites replicate by vegetative growth in the
intestine (Elmendorf et al., 2003). The trophozoite is between 12 to 15 um long, 5
to 9 um wide, and 1 to 2 um thick (Carranza and Lujan, 2010, Adam, 2001) (Fig. 1.8
B.). Giardia trophozoite possesses two nuclei surrounded by nuclear envelopes that
remain intact throughout the cell cycle; and has a complex cytoskeleton that
maintains the shape of the parasite and anchors the four pairs of flagella (Fig. 1.8B),
the median body, and the ventral disc (VD) (Carranza and Lujan, 2010, ElImendorf et
al.,, 2003). The four pairs of flagella emerge ventrally, anteriolaterally,
posteriolaterally, and caudally from the cell body. The flagella, median body, and
VD have been proposed to be important for the attachment of trophozoites to
enterocytes in the intestine (Carranza and Lujan, 2010, Palm et al., 2005, EImendorf
et al., 2003, Lujan et al., 1997).

From a structural perspective, Giardia trophozoites are simple. They possess
some basic characteristics of eukaryotic cells such as the presence of nuclei with
nuclear envelopes linked to the endoplasmic reticulum (ER), and lysosome-like
peripheral vacuoles that are located underneath the plasma membrane (Carranza
and Lujan, 2010, Elmendorf et al., 2003, Adam, 2001). However, they lack some
typical eukaryotic organelles like peroxisomes, a morphologically evident Golgi
apparatus, and classical mitochondria; although a mitochondrial remnant has been
described and characterised (Tovar et al., 2003). Giardia has a well-developed ER
and can form secretory vesicles (Gottig et al., 2006, Lujan and Touz, 2003, Lujan et
al., 1997). In the cell cytoplasm and adjacent to the plasma membrane (except in
the region of the ventral disc), there are numerous vesicles and tubules (peripheral
vacuoles or PVs) which have been proposed to have an endosome and lysosome

function (Carranza and Lujan, 2010, Gottig et al., 2006).
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Fig 1. 8: Giardid's different stages (modified from Ankarklev et al, 2010, with permission).
A. Thick and resistant cyst found in external environment like water, the cyst wall and inner
layer consist of two membranes and protect the parasite. Cysts are oval-shaped and non-
motile; they measure 8-12 um long by 7-10 um wide. A cyst has four tetraploid nuclei; its
outer wall is 0.3-0.5 pm thick and is composed of a network of filaments ranging from 7 to
20 nm diameter; the main proteins composing this wall are N-acetylgalactosamine and
three cyst wall proteins (CWP1, CWP2 and CWP3). The adhesive disk and flagella are
disassembled and storedinthe parasite.

Photo: http://techalive.mtu.edu/meec/module02/images/giardia_cysts.jpg.

B. Flagellated trophozoites are found in host small intestine, and measure 12-15 um long
by 5-9 um wide. There are 8 flagella organised in four pairs: the anterior flagella (AF),
ventral flagella (VF), posterior/lateral flagella (PLF) and caudal flagella (CF); dashed lines
indicate internal structures. The median body is microtubular structure of unknown
function; the adhesive disk is a large, rigid attachment structure composed of
microtubules. There are several central and peripheral mitosomes in the trophozoite.
Peripheral vesicles are lysosome-like vesicles that lie beneath the plasma membrane
throughout the cell.

Photo: http://hermes.mbl.edu/news/press releases/2007/2007 09 27.html, credit: Joel
Mancuso, University of California, Berkeley, USA.
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1.4.3/ Excystation

Once in the host digestive system, cysts release trophozoites in the upper
small intestine; this mechanism is called excystation and is initiated by the acids
present in the host stomach. (Alvarado and Wasserman, 2010, Bernal et al., 1998).
Excystation occurs rapidly (between 10 and 15 min) and involves a reorganisation of
the parasite’s cytoskeleton enabling an excyzoite to emerge through the cyst wall
(Ankarklev et al., 2010). Several studies suggested that signalling proteins such as
protein kinase A (PKA), protein phosphatase 2A (PP2A) and calmodulin may have an
important role during excystation (Alvarado and Wasserman, 2010, Lauwaet et al.,
2007, Reiner et al., 2003, Abel et al., 2001, Bernal et al., 1998). It was suggested
that PKA and PP2A may be key modulators during the first stage of acid induction;
and calmodulin has been shown to be involved in the liberation of the excyzoite
(Lauwaet et al., 2007, Abel et al., 2001, Bernal et al., 1998). A cysteine protease
(CP2) was also shown to be involved in the excystation mechanism; CP2, released
from lysosome-like peripheral vesicles, may degrade the cyst wall from the inside,
facilitating the liberation of the excyzoite (Adam, 2001). Once liberated, excyzoites
undergo cytokinesis twice, without intervening S phases to produce four
trophozoites which are able to attach to the intestinal epithelia (Ankarklev et al.,

2010, Bernander et al., 2001).

1.4.4/ Encystation

To permit the parasite to survive in hostile external environmental
conditions and to guarantee the transmission of the infection to susceptible hosts,
Giardia undergoes a mechanism, called encystation, to form a resistant cyst (Adam,
2001, Lujan et al., 1997). New formed cysts are released in the environment by
evacuation in faeces. Encystation is an adaptive process to cope with the decrease
of nutrients, cholesterol in particular, in the presence of high bile concentration in
the lower small intestine (Lujan et al., 1996). Encystation is accomplished in three
crucial steps: (i) the induction of encystation-specific gene expression, specifically
those necessary for the synthesis and processing of cyst wall proteins (CWPs) (Lujan

et al.,, 1998, Lujan et al., 1995b, Mowatt et al., 1995); (ii) the synthesis and
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intracellular transport of CWPs through newly developed organelles such as the
Golgi apparatus and encystation-specific secretory vesicles (ESVs) (Lujan et al.,
1995a); and (iii) the assembly of the extracellular wall (Hehl et al., 2000).

During the early phase of encystation, CWPs are synthesized and
transported to cell surface for assembly into the extracellular cyst wall (Gottig et al.,
2006, Lujan and Touz, 2003, Lujan et al., 1997). This major protein transport is a
regulated secretion process depending on intracellular signals, and consists in the
export of at least three CWPs and glycans. CWPs are synthesised as luminal proteins
without membrane anchors and are likely to be dependent on transmembrane
cargo receptor or escorter proteins, at least for their export from the ER (Hehl and
Marti, 2004). Before secretion, the cyst wall material is accumulated and
concentrated in specific intermediate compartments: ESVs. A study suggested that
the soluble CWPs were not exported from the ER by a default pathway but by a
signal-dependent mechanism (Hehl et al., 2000). Another study confirmed that
most regions of CWP3 were important for correct transport of the cyst wall
component to ESVs and to the extracellular matrix while investigating targeting of a
chimeric CWP3 reporter (Sun et al., 2003). Marti et al (2003) showed that CWP1
export signals were recognised by cargo receptors or escorter molecules which
have yet to be determined. This study also showed that endogenous CWP1 or
reporters containing CWP targeting signals were only able to exit the ER and
accumulate in ESVs after trophozoites had received an encystation stimulus (Marti
et al., 2003). This suggests that the transport of CWPs is a tightly regulated
secretory process and not just an automatic consequence of increased synthesis of
soluble cargo into the ER lumen. Later during encystation, sites for initiation of the
cyst wall filament assembly appear on the trophozoite plasmalemma; followed by
the assembly of the filamentous portion of the cyst wall (Adam, 2001, Reiner et al.,
1989). Upon completion of encystation, motility is lost, and the outer portion
becomes rounded and filamentous. Moreover, Giardia cysts are no longer attached
to a surface. ESVs disappear and the internal cyst part included two trophozoites
with four nuclei that have not yet completed cytokinesis (Adam, 2001).

It is crucial for Giardia survival that trophozoites encyst not only when faced

with harsh environmental conditions, such as low cholesterol or alkaline pH and
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high bile concentration, but also without the presence of any external inducer in
order to guarantee its dissemination. A recent study showed that Giardia
trophozoites can undergo encystation under both vegetative growth and encysting
conditions (Sulemana et al., 2014). Indeed, after three to six hours in inducing
conditions, encysting trophozoites continued to encyst regardless of whether the
initial stimulus remained. This suggests that there is a point of commitment during
encystation, after which encysting trophozoites cannot revert to growing or dividing
trophozoites; therefore maximising Giardia’s chance of survival. However, the
mechanisms regulating these decision-making processes have yet to be
determined.

The full sequencing of Giardia genome has identified an extensive number
of putative protein kinases, which suggests a complex requirement of signal
transduction to coordinate cell proliferation but also the encystation-excystation
processes (Morrison et al., 2007). Even though the proteins and pathways involved
in signal transduction have only begun to be understood, few studies have
described a possible mechanism involving several enzymes (Carranza and Lujan,
2010, Li et al., 2009, Touz et al., 2008, Bazan-Tejeda et al., 2007, Lauwaet et al.,
2007, Kim et al., 2005):

> Extracellular regulated kinases 1 and 2 (ERK1 and ERK2) possess
homology to the Mitogen-activated protein kinase (MAPK) family which
members are involved in signalling in higher eukaryotes (Ellis et al., 2003).
In Giardia, ERK1 and ERK2 were shown to be activated by phosphorylation,
to translocate to the nuclei and to phosphorylate other proteins, including
putative transcription factors (Ellis et al., 2003). In their study, Ellis et al
demonstrated that these two enzymes localised to different structures;
ERK1 to the median body, VD and basal bodies whereas ERK2 localised to
the nuclei and caudal flagella. ERK2 was also shown to change its
localisation pattern during encystation, being mostly cytoplasmic.

> PP2A is a highly conserved serine/threonine protein phosphatase
which has been associated with encystation-excystation process in Giardia
(Lauwaet et al., 2007). Lauwaet and collaborator have shown PP2A to

localise to cytoskeleton structures and occasionally to cyst wall. Western
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blot analyses showed that PP2A protein level in Giardia resembled the
MRNA expression; and was up-regulated in cysts and also in the beginning
of excystation (Carranza and Lujan, 2010, Lauwaet et al., 2007).
> Protein kinase B (PKB) is part of a serine/threonine kinases subgroup;
Giardia PKB has a transmembrane domain in the cytoplasmic region and a
potential nuclear localisation signal in the regulatory domain. PKB was
shown to be constitutively expressed and up-regulated during encystation
(Kim et al., 2005).
> Protein kinase C (PKC) is also a member of the serine/threonine
kinases family. PKC plays key regulatory roles in signal transduction
pathways controlling cellular responses including differentiation (Bazan-
Tejeda et al., 2007). Several isoforms of PKC have been identified in Giardia
which all show changes in expression during encystation. Bazan-Tejeda et
al demonstrated that selective PKC inhibitors blocked the encystation in a
dose-dependent manner.
»  Arginine deiminase (ADI) is a cytoplasmic enzyme that belongs to the
guanidine modifying super family; it catalyses the irreversible catabolism of
arginine to citrulline in the arginine dehydrolase (ADH) pathway. ADI
serves also as an important source of energy (Li et al., 2009). In 2008, Touz
et al reported that ADI played multiple roles in signal transduction
pathways leading to the control of encystation and antigenic variation. It
was suggested that this was due to the potential of ADI to citrullinate
arginines present in Giardia proteins (Touz et al., 2008). However, this
additional function of Giardia ADI is still discussed since another study
reported that recombinant dimeric enzymes were unable to perform this
process (Li et al., 2009).
> Heat shock protein 90 (Hsp90) is a versatile chaperone protein
involved in the modulation of diverse cellular processes such as cell cycle,
signal transduction, differentiation. The majority of proteins chaperoned by
Hsp90 have been shown to be transcription factors and protein kinases (Roy
et al.,, 2012, Taipale et al.,, 2010). A recent study has shown Hsp90

implication in Giardia encystation by inhibiting Giardia Hsp90 in
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trophozoites in pre-encystation stage and during encystation (Nageshan et
al., 2014). This inhibition resulted in a robust induction of encystation during
the pre-encystation stage; but not during encystation. This suggests that
Hsp90 may be involved in the modulation of encystation in Giardia.
However, the downstream events upon Hsp90 inhibition leading to

induction of encystation remain unclear and have yet to be investigated.

These different studies have shown the implications of these enzymes in
Giardia signal transduction pathway; however a link between these elements is still

necessary and requires further investigation.

1.4.5/ Giardia secretory pathway

Two pathways have so far been characterised for the transport of proteins
in Giardia: (i) the endomembrane protein transport system, (ii) lysosome-like

peripheral vesicles, (Lujan and Touz, 2003, Adam, 2001).

1.4.5.1/ The endomembrane protein transport system

ER and Golgi complex are key components of the eukaryote endomembrane
system which is involved in the protein folding and translocation. In higher
eukaryotes, proteins destined for secretion possess a signal sequence directing
them to the ER as they are translated in the ribosomes. The protein signal sequence
binds to the signal recognition particle (SRP); this complex then binds to the SRP
receptor (SR) present on the cytoplasmic side of the ER. The ER is composed of
chaperonins such as Ig heavy chain-binding protein (BiP) and protein disulfide
isomerases (PDls).

Giardia ER was first observed after the cloning and characterization of SRa
and the identification of an extensive membrane system labeled with anti-BiP
antibody (Soltys et al., 1996). BiP functions as a chaperone protein aiding in the
folding and transport of newly synthesized proteins (Craig et al., 1993). BiP
chaperones were essentially found in reticular membranous net in vegetative and
encysting trophozoites, but BiP proteins were also observed inside encystation-
specific secretory vesicles (ESVs) during encystation; which was probably due to

them still being associated with CWPs during transit of CWPs to the plasma
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membrane (Lujan and Touz, 2003). PDIs were shown to be involved in the disulfide
bond formation of newly synthetized secretory proteins; this event occurs in the ER
lumen (Gilbert, 1997). Three PDIs have been identified in Giardia; two of them —
PDI-1 and PDI-2 - were described as atypical due to the presence of KRKK ER-
retention signal on their short cytoplasmic tails (Knodler et al., 1999). PDI-3, on the
contrary, was shown to possess a C-terminal KQRL ER-retention signal. All three
PDIs localise in the ER in vegetative trophozoites; however, PDIs were also observed
within ESVs and on the surface of encysting parasites (Reiner et al., 2001). BiP and
PDI-2 expression was shown to increase during trophozoite differentiation into cyst,
which suggests that the rapid synthesis of cyst wall proteins during encystation
requires more ER chaperones (Lujan et al., 1997). The presence of ER chaperones
outside the ER during encystation also suggests that, due to the presence of an
elementary endomembranous system in Giardia, the proper quality control for ER-
protein retention may either be absent, fail, or not be sufficient to deal with an
increase in expression of cyst wall components (Lujan and Touz, 2003, Knodler et
al., 1999).

In eukaryotes, Golgi complex serves as a major sorting point in the secretory
pathways. It selectively targets proteins and lipids to different organelles. The Golgi
apparatus consists of a series of flattened cisternal membranes forming a stack with
a defined cis to trans orientation (Marti and Hehl, 2003, Lujan and Touz, 2003).
Cargo modifications during transport through this cisternae stack include: (i)
processing N- and O-linked oligosaccharides; (ii) addition of mannose-6-phosphate
residues to lysosomal proteins; (iii) sulfation; (iv) phosphorylation; and (vi) acylation
(Marti and Hehl, 2003). At the most trans side of the Golgi apparatus, the trans-
Golgi network (TGN), proteins, glycans and lipids are packed into different classes of
vesicles bound for the plasma membrane or other organelles in the cell (Marti and
Hehl, 2003). The Golgi apparatus has a unique architecture which is remarkably
conserved throughout eukaryotic evolution (Mellman and Simons, 1992). However,
the typical eukaryotic Golgi complex appears to be missing in vegetative Giardia
trophozoites. It has been suggested that Giardia trophozoites may possess one or
more organelles where typical Golgi functions take place, even though they do not

have a Golgi-like appearance (Lujan and Touz, 2003). Interestingly, the rise of an
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elaborate Golgi complex, consisting in 3 — 20 parallel cisternae and dramatic
changes in the nuclear envelope, including the appearance of numerous nuclear
pores, were observed close to the nuclear membrane only in encysting trophozoites
via the use of electron microscopic techniques (Lujan and Touz, 2003). Whether this
perinuclear region contains Golgi markers has yet to be determined. Interestingly, a
set of membrane-bound structures other than peripheral vesicles were identified
and localised near the ER and/or nuclear envelope compartment; but their
implication as part of a putative trophozoite secretory system remains to be
elucidated (Benchimol, 2002). All this suggests that Giardia trophozoite nuclear
envelope may play an important role in protein sorting and transport. The
sequences of two Giardia syntaxins were reported (Dacks and Doolittle, 2002).
Syntaxins are associated with transport through the Golgi apparatus; they belong to
the SNAREs family. SNAREs are soluble NSF (N-ethylmaleimide-sensitive factor)
attachment proteins receptors (SNAP receptors). They play crucial roles in vesicular
transport and membrane fusion in higher eukaryotes (Parlati et al., 2002). The
identification of Golgi-related syntaxins in Giardia trophozoites provides further
evidence for the presence of a cryptic Golgi complex in the parasite.

The formation of transport vesicles and their delivery to the target
membranes were shown to be controlled by small GTPases of the ADP-ribosylation
factor (ARF) and Rab families respectively (Pfeffer, 2001, Sogaard et al., 1994). ARFs
are required for maintaining intracellular transport and the organelle structure
integrity. In Giardia, an ARF homologue was identified and immunolocalised to a
region surrounding both nuclei, in an area described as likely to be the rough ER
(RER) (Lujan and Touz, 2003). A Giardia-Rab 1 GTPase was also described and
shown to localise to the ER and PVs (Langford et al., 2002). Rab 1 was also
associated with ESVs during encystation. Rab proteins were described as organelle-
specific GTPases that facilitate the delivery of transport vesicles by regulating the
protein-protein interaction (Parlati et al., 2002, Pfeffer, 2001). The investigation of
the transport and protein-protein interaction of Golgi resident markers like-Rab 1
may help localising and identifying the minimal Golgi-like structure still missing in

Giardia trophozoite.
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1.4.5.2/ Protein transport to the lysosome-like peripheral
vesicles

Most eukaryotes possess a system of endosomes and lysosomes that
degrade and recycle endogenous proteins or proteins acquired by endocytosis and
phagocytosis from the extracellular space. Early endosomes internalise
endocytosed proteins to allow for their return to the cell membrane or transport to
late endosomes. Once in the late endosomes, proteins are transported to and
degraded by the lysosomes (Scott et al., 2014). Both endosomes and lysosomes are
acidic with a pH < of 6 and of 5 respectively. Giardia lacks compartments
resembling early/late endosomes and lysosomes. Instead, it possesses peripheral
vacuoles (PVs) that are located underneath the plasma membrane and seem to
function as endosomes and lysosomes (Lanfredi-Rangel et al., 1998). The lysosomal
targeting pathway has been well studied and defined in yeast and mammalian cells.
In this pathway, soluble hydrolases were shown to be sorted away from the
secretory pathway by reaching the lysosomes through a receptor-mediated
process, via oligosaccharide signals attached to the proteins in the Golgi apparatus
(Lujan and Touz, 2003). In Giardia trophozoites, soluble enzymes such as acid
phosphatase and cathepsin B were shown to localise to the PVs by their immune-
localisation (Lanfredi-Rangel et al., 1998, Ward et al., 1997). Supposing that Giardia
possesses a mechanism similar to the one described above, soluble proteins would
need to interact with a receptor to be transported to the PVs; so far, no receptor
were described to be involved in protein delivery to PVs. Moreover, protein
glycosylation was shown to be controversial in Giardia due to the lack of evidence
for either N- or O-glycosylation in any trophozoite protein (Lujan et al., 1995a).

Transmembrane proteins are sorted from the Golgi to endosome/lysosomes
via motifs present in their AA sequence. Tyrosine-based signals have been shown to
be the motifs usually present in the cytoplasmic tail of integral proteins involved in
lysosomal protein transport (Le Borgne and Hoflack, 1998). Touz et al. showed that
tyrosine-based motifs were playing an important role in Giardia lysosomal
trafficking. They also found an encystation-specific cysteine protease (ESCP) in the

lysosome-like PVs (Touz et al., 2003, Touz et al., 2002). ESCP was described as a
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transmembrane protein carrying an YRPI motif within its cytoplasmic tail. This motif
was demonstrated to be crucial for ESCP delivery as deletion and point mutations of
the motif missorted ESCP to the plasma membrane (Touz et al., 2003). All these
findings indicate that Giardia possesses an endosomal/lysosomal system
concentrated in one single organelle, the PV. This suggests that the subdivision of
this organelle into endosome/lysosome specific compartments occurred later than
the development of a basic machinery for lysosomal-protein delivery. Additionally,
a study showed that in certain periods of Giardia life cycle, PVs could function as

secretory organelles (Slavin et al., 2002).

1.5/ Host-parasite interactions

The human intestine acts as an anaerobic “bioreactor” programmed with a
colossal population of bacteria. This population of bacteria, up to 1 x 104, far
surpasses all the other microbial communities associated with the body’s surfaces
in size (Backhed et al., 2005, Savage, 1977). All three domains of life - Archaea,
Eukarya and Bacteria- are found in the gastrointestinal tract and formed a
microbiota approximately 10 times greater than the total number of human

somatic and germ cells in a body (Backhed et al., 2005).

1.5.1/ The human intestinal epithelium

The intestinal epithelium is a critical interface between the environment and
the organism. It is composed of the mucous coat, the closely packed microvilli and
the glycocalix which prevent direct contact of most macromolecules on the apical
side; and the tight junctions which restrict paracellular transport to small molecules
(Fig 1.9) (Snoeck et al., 2005).

The mucosal surface of the intestine forms a major mechanical barrier that
separates the host’s internal milieu from the external environment. However, it is
not a passive barrier. Indeed, the tight junctions are dynamic structures regulated
by events taking place in the intestine; and the enterocytes have a function in the
presentation of antigens to T cells and then, in their digestion (Cobrin and Abreu,

2005).
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1.5.1.1/ The intestinal epithelial cells: Enterocytes

Enterocytes are the intestinal absorptive cells found in the small intestine
and colon. These cells are hyperpolarized, joined together by tight junctions (TJs),
and efficient protein sorting and addressing are essential to the establishment and
maintenance of cell polarity, on which the integrity of the epithelial barrier depends
(Snoeck et al., 2005, Jung et al., 1995) (Fig 1.9).

Enterocytes have a distinctive structural asymmetry. Indeed, sorting
compartments of the secretory apparatus, subsets of membrane and cytoskeletal
proteins and microtubules are asymmetrically distributed throughout the
cytoplasm. These subsets of proteins localise to functionally and structurally distinct
membrane domains, termed apical and basolateral (Drubin and Nelson, 1996). They
are composed of a TGN, nucleus, ER, TJs which join cells together; and a lot of
vesicles: apical early endosome, apical recycling endosome, late endosome,
common lysosome, basolateral early endosome, lysosomes and mitochondria.
These vesicles are involved in the transport of macromolecules and nutrients from
the apical surface to the basal-lateral surface and inversely (Fig 1.9) (Snoeck et al.,
2005).

Since the intestinal cells are hyperpolarized, a short-circuit current (lsc)
allows a current to travel along a path where essentially no (or a very low) electrical
impedance is encountered; and reflects net ions transport in the form of cation
absorption or anion secretion on the apical side (Fig 1.10). In epithelial cell, the Isc
represents the highest electric current between the apical (negatively charged) and
the basolateral (positively charged) surfaces. The electric resistance of this Isc is
called trans-epithelial electrical resistance (TEER) and seems to be at the origin of
the cell permeability to molecules (Narai et al., 1997).

Some of the major functions of enterocytes are (i) ion uptake, including
sodium, calcium for example; this uptake typically occurs through active transport
with hydrolysis of one molecule of ATP; (ii) Water uptake which follows the osmotic
gradient established by the Na*-K*-ATPase channel on the basolateral surface; it can
be a transcellular or a paracellular transport; (iii) Sugar uptake, sugar molecules are

absorbed and cross the apical membrane of the enterocytes using the Na*-
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Fig 1. 9: Model for endocytic traffic in polarized enterocytes (Based on Snoeck et al, 2005,
with permission). The apical and basolateral surfaces are separated by tight junctions (TJs).
Upon internalization ( mmp), fluid and membrane components are delivered ( 2 ) to
distinct early endosomes, the apical (AEE) or the basal (BEE). Then, from the AEE,
internalized components can be recycled ( — ) or transcytosed ( ), be delivered to
the late endosome (LE) and ultimately to lysosomes; or they can be delivered to the apical
recycling endosome (ARE) or to the common endosome (CE) for recyding through the ARE
or to transcytose. From the BEE, internalized components can recyde, be delivered to the
CE for recycling to the basolateral membrane ( —>) or transcytose through the AEE or the
ARE, or they can be delivered to the LE and lysosomes. Membrane proteins newly
synthesized (@) can be directly delivered to the apical or basolateral surface after sorting in
the TGN (trans-Golgi Network).
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dependent glucose transporter (iv) peptides and amino acid uptake, proteins are
cleaved to amino acids or small peptides and are then absorbed on the apical

membrane.

1.5.1.2/ The intestinal molecular pathways

There are three way possible for the transport of molecules throug

enterocytes.

X/

< Transcellular transport

Because of the enterocyte physical structure, it is very unlikely that
macromolecules can cross the lipid bilayer into the cytosol. Indeed, its plasma
membrane being composed of a lipid bilayer in which membrane-bound proteins
and glycoproteins are situated, the molecules can only be transported by receptors
present at the enterocyte membrane surface. The major pathway for molecules is a
transcellular transport called endocytosis which is a receptor-mediated mechanism
(Fig 1.10). Besides transport of molecules, endocytosis is also involved in regulation
of cell-surface receptor expression, maintenance of cell polarity, and antigen
presentation (Conner and Schmid, 2003, Drubin and Nelson, 1996). In enterocytes,
three other pinocytosis mechanisms have been proposed: (i) clathrin-mediated
endocytosis, which is the major pinocytic pathway; (ii) caveolin-mediated
endocytosis, which is a slow process consequently unlikely contributing significantly
to bulk fluid-phase uptake; (iii) and clathrin-caveolin-independent endocytosis,
which remains poorly understood (Snoeck et al., 2005, Conner and Schmid, 2003)
(Fig 1.11).

Another way to absorb nutrients, ions or water is via epithelial transporters
which are integral membrane protein pumps or channels (Snoeck et al., 2005).
Nutrients, such as sugars, ions, and amino acids, enter the enterocyte cytoplasm at
the apical membrane by these transporters and exit the basolateral membrane.
Some are adenosine triphosphate (ATP)-dependent and others rely on the osmotic

gradient between the lumen of the intestine and the mucosa (Fig 1.10).
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X Paracellular transport

For some molecules, another way to go through the intestinal epithelial barrier
is paracellular transport. Instead of crossing through enterocytes, molecules go
through the tights junctions, which are dynamic structures, between adjacent
epithelial cells (Fig 1.10). However, the passage of large molecules through tight
junctions is not possible; they have to be cleaved into peptides or amino acids for
proteins, or saccharose, glucose, for example, for polysaccharides. Chantret et al
compared 20 different human colonic carcinoma cell lines in order to determine
which line spontaneously developed normal human intestinal cell characteristics,
such: (i) the organization of the cells into a polarized monolayer; (ii) the presence of
an apical brush border; and (iii) the presence of brush border-associated hydrolases
such as sucrase-isomaltase, lactase, or alkaline phosphatase (Chantret et al., 1988).
The only human colonic carcinoma cell line able to do all three was the human
colonic adenocarcinoma derived epithelial cell line-2 (CaCo-2) concluding that only
the CaCo-2 cell line showed the differentiation characteristics of mature
enterocytes. Moreover, in another study, Grasset et al showed that the CaCo-2 cells
exhibited a similar electrical properties as enterocytes, by displaying a measurable
TEER and a positive Isc reflecting ion and molecules transport through cells similarly
to human enterocytes (Grassetetal., 1984).

X/

< Water uptake in the intestine

Water transport across the cell membranes takes place via several routes: (i)
by osmosis, via the lipid bilayer and the water channels called aquaporins (AQP) (Fig
1.12 A.); (ii) by co-transport, via co-transporters or uniporters such as the
Potassium-Chloride co-transporter (KCC) (Fig 1.12 B.); (iii) or by co-transport and
osmosis at the same time, via specific co-transporter such as the Sodium-glucose
co-transporter 1 (SGLT-1) (Fig 1.12 C.) (Zeuthen, 2010)

AQP are integral membrane proteins expressed in various organs and
tissues. They serve as channels in the transfer of water and, sometimes, small
molecules across the membrane (Takata et al., 2004, Agre et al., 2002) (Fig 1.13).

The water is transferred through the cell membranes via the osmotic pressure
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CFTR: Cystic Fibrosis conductance
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Fig 1. 10: Model of ions transport in polarized enterocytes. On the apical surface, there
are four major ions transporters. The H*-ATPase (1) and H*-K*-ATPase (2) are ATP-
dependent, they need energy for the ions absorption and/or secretion. Via the hydrolysis
of one molecule of ATP into ADP and inorganic phosphate (Pi), ions are absorbed or
secreted or both. Currently, two of these channels have been identified through which CI-
can be secreted into the intestinal lumen, thus creating the driving osmotic gradient for
fluid secretion, namely: (i) CFRT which is embedded as dimers into the membrane, it is
regulated by the phosphorylation of protein kinase A (PKA) and it is a cyclic adenosine
monophosphate (cAMP)- dependent mechanism; (ii) CaCC which is an Ca*-dependent
pathway for Cl secretion, when the cytosolic concentration of Ca?*increases, the secretion
of ionsCl-intothe lumenisincreasingtoo.

On the basolateral surface, there are four major transporters too. Three of them have a
role in the chloride secretion: (i) the Na*-K*-ATPase channel (5) is ATP-dependent and
provides the energetic requirements for active Cl” secretion by transporting three Na* ions
out of the cell and two K*ions into the cell; (ii) the Na*-K*-2 CI" co-transporter (NKCC) which
mediates ClI" uptake at the basolateral pole and thereby provides the substrate for the
apical Cl" secretion; (iii) potassium channels (4) maintain cellular electroneutrality by
compensating for CI- efflux and keeping the cell in a state of hyperpolarization. The last
main basolateral receptor is kidney anion exchanger 1 (kAE1) (3) which has a role in the
absorption of Cl" ions from the basolateral side; it exchanges HCO;™ anion from the cytosol
with Cl-extracellular.
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Fig 1. 11: The different types of pinocytosis in mammalian cells (reproduced and modified
from Conner et al, 2003, with permission). These pathways differ with regard to the size of
the endocytic vesicle, the nature of endocytosed molecules, receptors and lipids, and the
mechanism of vesicle formation

The macropynoditosis is unlikely to occur by enterocytes since this mechanism involves
extensive membrane ruffling and sampling of large volumes of the extracellular milieu. The
clathrin-mediated endocytosis involves the concentration of high-affinity transmembrane
receptors and their ligands into “clathrin-coated pits” for the formation of a coated veside
bringing the molecules into the cytosol to be recycle by endosomes. Caveolae, which are
flask-shaped invaginations of the plasma membrane, are involved in the caveolin-mediated
endocytosis. These invaginations demarcate cholesterol and sphingolipid-rich
microdomains in which many different signalling molecules and membrane transporters
are concentrated.
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regulation and driven by a hydrostatic gradient within the hemipore. 10 AQP
channels have been identified so far, AQPO to AQP10 (Agre et al., 2002). Some are
aquaglyceroporins; they are water and glycerol permeable. AQP1 is the main AQP
channel, it is found in any type of organs or tissues. In the intestine, AQP5 is mainly
found in the small intestine; and AQP3, which is an aquaglyceroporin, is mainly
found in the colon (Matsuzaki et al., 2004, Takata et al., 2004, Agre et al., 2002).
Co-transporters and uniporters are membrane transport proteins. They can
transport one or several molecules through the cell plasma membrane. The tight
coupling between water and molecules in co-transport allows co-transporters to
function as molecular water pumps (Fig 1.12 B.). The free energy contained in the
transported molecules gradient can be transferred to the water flux. In some co-
transporters, like the sodium-glucose co-transporter 1 (SGLT-1), both modes of
transport can occur (Fig 1.12 C.). They co-transport water through the plasma
membrane but also possess water channel properties (osmosis). The transport of
water via these transporters is bimodal; osmosis and co-transport can be done in

parallel (Zeuthen, 2010).

1.5.2/ Pathophysiology

Giardia trophozoites adhere to the epithelial surface of the small intestine
via the ventral disc (VD). This attachment triggers a series of events: (i) the increase
of intestinal cell apoptosis; (ii): the disruption of the intestinal barrier function; (iii)
a diffuse shortening of the brush border microvilli and malabsorption; (iv)
hypersecretion of anion (such as chloride) and increase of the intestinal transit

(diarrhoea) (Cotton et al., 2011).

1.5.2.1/ Increase of the intestinal cell apoptosis

Programmed cell death (PCD) helps to maintain homeostasis of
intestinal cells either via senescence in which case cells stop dividing or via
apoptosis in which cellular mechanism trigger the cell’s own death. Apoptosis
assists in preserving the homeostatic turnover of gastrointestinal epithelial cells; it
is also involved in maintaining a correct cell number in organisms by balancing cell

growth and death. The main regulatory component of apoptotic death is the
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Fig 1. 12: The different water transport routes (Based on Zeuthen, 2010, with permission).
A. Via osmosis which is driven by the water chemical potential difference. B. Via co-
transport of substrates, such as potassium-chloride co-transporter (KCC), co-transporters
function as molecular water pumps; the free energy contained in the substrate gradientis
transferred to the transport of water. C. Via co-transport and osmosis, some co-
transporters can employ both co-transport and osmosis to transport water and substrates
through cell membranes.

I
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Fig 1. 13: Schematic representation of the AQP3 structure. AQP3 is mainly expressed in
the epithelia of the upper digestive tract and the lower digestive tract (from the colon to
the anus). Each AQP isoforms is composed of a single polypeptide chain of approximately
270 AAs and spans the membrane 6 times. Both the amino- and carboxyl-terminal ends are
in the cytoplasm; and highly conserved regions (hemipores) contain the consensus motif:
asparagine-proline-alanine (NPA).
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sequential activation of proteolytic cysteinyl aspirate-specific proteases called
caspases (Hall et al., 1994). The induction of apoptosis by Giardia in enterocytes
was established by Roxstrom-Lindquist et al (2005). In this study, PCD-associated
genes such as CC and CXC chemokine ligand and other chemo-attractant receptor
genes, transcription regulators genes, and cell cycle regulator genes were up-
regulated in cells exposed to Giardia components (Roxstrom-Lindquist et al., 2005).
Furthermore, it has been established that high rates of epithelial apoptosis occur
shortly after exposure to Giardia, both in patients with chronic giardiasis and in
vitro (Troeger et al., 2007, Roxstrom-Lindquist et al., 2005, Chin et al., 2002). Some
studies suggested that Giardia infections initiate apoptosis via the activation of pro-
apoptotic caspase-8, known to be triggered following the activation of caspase-6, a
caspase-3 downstream target (Cotton et al.,, 2011). Caspases are a family of
proteases that cleave their substrates after aspartic acid residues (Slee et al., 1999).
They are present in cytosol as inactive zymogens, called pro-caspases, which
require proteolytic processing to achieve their active configuration. Several distinct
routes lead to caspase activation depending upon the stimulus that initiates the
death program. Their activation was shown to be stepwise with a downstream
effect as caspases are able to process other caspases (Slee et al., 1999). The main
extrinsic pathway was shown to be initiated at the cell membrane by ligands of
tumour necrosis factor (TNF) receptors; this ligand-binding leads to assembly of the
death-inducing signalling complex which recruits and activates capsase-8 and -10
(Connolly et al., 2014). The intrinsic pathway is initiated by mitochondria whose
outer membrane becomes permeable to cytochrome c¢ upon certain cellular
stresses such as DNA damage or ER stress (Connolly et al., 2014, Tait and Green,
2010). Both intrinsic and extrinsic pathways converge on activating the executioner
caspase-3 and -7 throughout the downstream induction of other caspases (Tait and
Green, 2010, Slee et al., 1999). Whether or not the caspase activation by Giardia is
direct or occurs due to the activation of caspases-6 and -3 has to be determined (Fig
1.14). The possible roles of apoptosis inducing factors (AlFs) in Giardia-induced
enterocyte apoptosis are unknown; AlFs may activate apoptotic DNA breakdown in
a caspases-independent design when released after a loss of mitochondrial integrity

(Cotton et al., 2011). Although both parasite and host factors can induce intestinal
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epithelial cell apoptosis, the components responsible for its activation during

giardiasis have yet to be identified.

1.5.2.2/ Disruption of the intestinal barrier function

In the intestine, adjacent enterocytes are connected by TJs. These Tls
establish a selective barrier that separates the external environment from
underlying host tissues; they also are the first line of defence against the influx of
harmful luminal contents, such as pathogens and cytotoxic products (Kotler et al.,
2013, Anderson and Van ltallie, 1995). They are composed of a branching network
of sealing strands. Each strand acts independently from the others and are formed
from various transmembrane proteins (claudin proteins embedded in both plasma
membranes), cytosolic plaque proteins (Zonula occudens, ZO-1) and cytosolic
regulatory proteins (myosin light chain kinase, MLCK; and Rho kinase, ROCK)
(Anderson and Van ltallie, 1995). Giardia-mediated increases of the intestinal
permeability result from modifications of the apical TJs, including disruption of ZO-
1, cytoskeletal filamentous (F)-actin, claudin-1, and a-actinin which is a component
of the actomyosin ring that regulates paracellular flow (Cotton et al., 2011, Troeger
et al., 2007, Scott et al., 2002). In vivo studies of Giardia show that high intestinal
permeability and macromolecular uptake occur contemporaneously with the peak
of trophozoite colonisation. A return to normal baseline is observed following host
parasite clearance (Cotton et al., 2011, Scott et al., 2002). In 2002, Chin et al
demonstrated that inhibition of caspases-3 prevents relocalisation of F-actin and
Z0-1, suggesting a direct cause-effect relationship between Giardia-induced
apoptosis and small intestinal barrier function. However, which of the tight junction
regulatory protein (MLCK and/or ROCK) is activated by the caspase-3 mediated F-
actin and ZO-1 disruption has to be determined (Fig 1.14). Furthermore, by which
mechanisms Giardia is disrupting the intestinal epithelial barrier function, during

giardiasis, is still unknown and needs further investigations.
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1.5.2.3/ Diffuse shortening of brush border microvilli,
malabsorption and anion hypersecretion

Giardiasis can also reduce the whole intestinal absorptive surface area,
either in the presence or absence of villous atrophy. However, some studies have
clearly demonstrated that the total duodenal surface area is decreased in patients
with chronic giardiasis; this is supported by previous studies showing that Giardia
infections induce the diffuse shortening of epithelial brush border (Troeger et al.,
2007, Scott et al., 2004, Scott et al., 2000). This process is triggered by activated
CD8* Iymphocytes; consistent with the hypothesis that Giardia-mediated
immunopathophysiology occurs secondary to the disruption of the intestinal barrier
(Scott et al., 2004). However, CD8* lymphocytes are known to contribute to the
parasite clearance as well as to contribute to the pathophysiology. Some studies
have shown that maldigestion happens during giardiasis due to a deficiency in
numerous brush border enzymes; they have also demonstrated that diffuse
shortening of brush border microvilli causes small intestinal malabsorption due to
reduced absorption of water, glucose and electrolytes (Buret, 2007, Scott et al.,
2004, Scott et al., 2000, Faubert, 2000, Cevallos et al., 1995). Malabsorption of
nutrients and electrolytes creates an osmotic gradient that draws water into small
intestinal lumen causing a small intestine distension and rapid peristalsis (Fig 1.14).
It has been reported that Giardia-infected individuals can also have elevated levels
of faecal fatty acids (Morken et al., 2009). It is possible that high levels of
undigested carbohydrates contribute to diarrhoea, in Giardia infections, following
their transformation into short chain fatty acids by colonic microbiota (Cotton et al.,
2011). An increased chloride secretion has also been shown to contribute further to
diarrhoea in giardiasis (Baldi et al., 2009, Troeger et al., 2007, Cevallos et al., 1995).
In summary, diarrhoea in Giardia-infected individuals is induced by several
mechanisms including diffuse shortening of brush border microvilli, malabsorption,
and anion hypersecretion. These phenomenons appear to be initiated via caspase-
dependent apoptosis and tight junctional disruptions (Fig 1.14). The parasitic

and/or host factors involved in these events have still to be identified.
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Fig 1. 14: Giardia infection Pathophysiology. Giardia infection triggers a cascade of
physiological reactions within the intestinal epithelial cells: First, caspase 8 protein is
activated either directly or via other caspases (caspase 3 and 6); and induces apoptosis. The
intestinal barrier function is disrupted via the inhibition of caspase 3 which modifies the
tight junctions’ permeability; this leads to the activation of T cells inducing a parasites
clearance but also a diffuse shortening of brush border microvilli. The shortening of
microvilli causes malabsorption and a chloride (Cl") secretion increase. Giardia-induced
diarrhoea may result from the combination of all these intestinal enterocyte physiological
reactions.
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1.5.3/ Giardia pathogenic factors

The intestinal epithelium is continuously exposed to a multitude of food and
other antigens that may either be beneficial or harmful for the host. Consequently
the intestinal immune system has to balance between either tolerance against
commensal bacteria and food antigens or protective immune responses induced by
intestinal pathogens and toxins (Cobrin and Abreu, 2005, Medzhitov and Janeway,
2000).

To survive and colonise such a hostile environment, Giardia has to adapt
constantly to the host environment changes via modification in proteins expressed
by the trophozoites. Giardia genome is distributed between five chromosomes, its
size slightly varies between assemblage A and B (Table 1.5) (Adam et al., 2013,
Morrison et al., 2007). Assemblage A (WB isolate) is approximately 11.7 mega base
pair (Mb) in size, divided among 306 contigs and with a very low level of
heterozygosity (< 0.01 %) (Perry et al., 2011, Morrison et al., 2007). Assemblage B
genome is 12.01 Mb in size, divided among 544 contigs and with a level of
heterozygosity higher than assemblage A (0.425 %) (Adam et al., 2013, Franzen et
al., 2009). Sub-assemblage A2 (DH isolate) genome is 10.7 Mb in size which makes it
the smallest assembled Giardia genome to date; its genome is divided among 239
contigs and its level of heterozygosity is also very low (0.037 %) (Adam et al., 2013).
Whole genomes were compared showing that there is a substantial synteny
between isolates A1 and A2 and an overall preservation of genome synteny
between Al isolate and assemblage B (Adam et al., 2013, Franzen et al., 2009). For
all five chromosomes, central regions showed greater levels of similarity than the
more distal regions. Only a few assemblage-specific genes are found in assemblage
B, except for vsp gene family where the repertoires of assemblage A and B are
completely different (Adam et al., 2013, Franzen et al., 2009). Interestingly, all
meiosis-related genes identified in assemblage A are found in assemblage B. Several
are well conserved, but some are not as conserved and some even show deletion or
insertion in important regions (Franzen et al.,, 2009). It has been shown that
exposure to epithelial cells resulted in significant changes in Giardia gene

expression and the release of several Giardia-produced metabolic enzymes: (i)
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surface lectins, (ii) giardin proteins, (iii) variant surface proteins (VSPs), and (iv)
cysteine proteases (CPs) (Ringqvist et al., 2011, Ringqvist et al., 2008, Roxstrom-
Lindquist et al.,, 2006). Most of these Giardia-expressed parasitic factors are

involved in the trophozoite attachment via its ventral disc (Cotton et al., 2011).

1.5.3.1/ Lectins

Lectins are surface sugar-binding proteins that are highly specific for their
sugar moieties. They play a role in many different biological functions: from
regulation of cell adhesion to glycoprotein synthesis; they also have a role in the
recognition phenomena involving cells and proteins. They are also found during the
colonisation of a new host by pathogens. Indeed, some viruses use them to attach
to host cells. In 1986, two studies have demonstrated the presence of Giardia-
secreted lectin proteins during Giardia infection (Lev et al., 1986, Farthing et al.,
1986). Farthing et al showed that Giardia possesses a surface membrane-associated
lectin with specificities for glucosyl and mannosyl residues from the experimental
cell line they used, rabbit erythrocyte. Lev et al confirmed this discovery by showing
the presence of Giardia-secreted lectin during parasite attachment to enterocytes.
Mannosyl residues are present on the surface of mammalian intestinal epithelial
cells and appear to be receptors for bacterial mannose-binding lectins, which led to
the conclusion that lectins may participate in the trophozoite attachment to the
host enterocytes (Farthing et al., 1986). Lev et al also suggested that lectins may be
responsible for the microvillus shortening. Even if the presence of Giardia-secreted
lectins have been demonstrated decades ago, how these lectins and to what extend
they participate in the parasite attachment remain unclear and need further
investigation.

The best characterised Giardia lectin was observed in haemagglutination
assay after trypsin treatment of sonicated trophozoites; it was therefore called
trypsin activated Giardia lectin (taglin) (Lev et al., 1986). Taglin was shown to be a
possible agent contributing to the microvillus shortening observed during Giardia
infection (Farthing et al., 1986). A 30 kDa antigen has been identified as a common
immunoreactive protein displaying the lectin activity; however this protein was not

characterised until 2003. Weiland and collaborators identified the proteins
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Table 1. 5: Comparison of genomic features of Giardia genomes sequenced

(modified from Adam etal., 2013 with permission)

Isolate Genotype Al” a2’ B®
Genome size (Mb) 11.7 10.7 12.01
Percent-coding region (%) 82.76 89.54 86.35
GC (%) 489,24 49,04 48.25
Heterozygosity (%) <0.01  0.037 0.425
Contigs 306 239 54
Protein-coding ORFs 5,901 6,724 7477
ORFs with assigned function 2,905 2,900 3,946
ORFs without assignhed function 2,996 3,824 3,531
ORFs in asserted pathways 710 656 942
ORFs not in asserted pathways 5,191 6,068 6,535
ORFs with assigned function, but no pathway 2,196 2,245 3,005

7 Sub-assemblage Al, WB C6 clone isolate
I':'.‘Spu|::|-E:usser1"|l:|lage A2, DH isolate
‘ Assemblage B, GS isolate
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recognised by taglin as alpha-1 (al-) and alpha-2 (a2-) giardins, two proteins
present in Giardia cytoskeleton and involved in the attachment of trophozoites to

intestinal cells (Weiland et al., 2003)

1.5.3.2/ Giardins

Giardins are Giardia-specific proteins; they are components of Giardia
cytoskeleton within the ventral disc. Four major classes have been identified so far:
alpha (a)-giardin, beta (B)-giardin, gamma (y)-giardin and delta (8)-giardin (Feliziani
et al.,, 2011, Wei et al., 2010, Palm et al., 2003, Peattie, 1990, Peattie et al.,
1989).The a-giardin form a large class of annexin-like proteins, encoded by 21
different genes (named al-al9), having significant sequence similarities. They are
located at the outer edges of the ventral disc microribbons and are found in both
assemblages A and B with a genome synteny (Feliziani et al., 2011, Wei et al., 2010).
Although Steuart et al determined that a2-giardin was an assemblage A-specific
protein, a recent study showed the presence of a a2-giardin gene-like in
assemblage B, with 92 % AA identified and encoded from gene in a syntenic
position (Franzen et al., 2009, Steuart et al., 2008). al-giardin was further
characterised than any other a-giardins, and was shown to be an immunodominant
glycosaminoglycan (GAG)-binding protein associated with the plasma membrane
(Weiland et al.,, 2003). GAGs are proteoglycans involved in various processes
including adhesion of microbes to eukaryotic cells. The most widely expressed GAG
on the intestinal epithelial cells is GAG heparan sulphate (lanelli et al., 1998); al-
giardin was shown to bind to highly sulphated sugars such as heparin and heparan
sulphate in a calcium-dependent manner (Weiland et al., 2003). Alpha-1 giardin was
also shown to be partly localised on the surface of excyzoites. All of this suggests
that al-giardin may play a role in the early stage of the host-parasite interaction.
Not all the functions of a-giardins have yet been identified; but all the a-giardins
were shown to be expressed throughout the parasite life cycle (Palm et al., 2005).

Beta (B)-giardins are striated fibre-assemblin-like proteins and are closely
associated with microtubules and 6-giardin which are component of microribbons
(Feliziani et al., 2011). There are three B-giardin isoforms identified (Palm et al.,

2005). They are adhesive-specific proteins which assemble in 2.5 nm filaments
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which are then further assembled into the superstructure of the dorsal ribbons of
the ventral disc. This suggests a primarily structural role for this protein (Crossley
and Holberton, 1985, Holberton, 1981). Feliziani et al have recently showed that
there was neither structural difference between assemblage A and B B-giardin, nor
genetic difference. However, by Immunofluorescence assay (IFA), they have
observed differences into the organisation of the protein within the ventral disc
between both assemblages. Gamma (y)-giardins have been identified as
microribbon proteins and three different isoforms have been isolated. However,
their localisation and functions within the ventral disc microribbon are still
uncertain (Feliziani et al., 2011, Palm et al., 2005). Delta (6)-giardins are different
from a-giardin and y-giardin; but share conserved AA motifs with B-giardin
suggesting that they belong to the same protein family (Jenkins et al., 2009, Palm et
al., 2005). A recent study showed that, in absence of &-giardin, the ventral disc
ability to bind/remain attached to inanimate surface was affected; this led to the
conclusion that &-giardins might be important for the trophozoite attachment to
host cells; although the mechanism inducing this failure to attach is still unknown
(Jenkins et al., 2009). Although most giardins so far characterised have localised to
the ventral disc, how the four classes of giardins interact to provide structure to the

ventral disc requires further investigations.

1.5.3.3/ Variant-specific surface proteins

In order to control giardial infections, cellular and humoral immunity is
required; the production of CD8*T lymphocytes correlates in particular with the
parasite clearance (Faubert, 2000). To escape the host humoral immune response,
several protozoan pathogens can undergo antigenic variation. In Giardia, this
evasion is achieved by the on-off switching of the expression genes encoding VSPs.
VSPs are cysteine-rich proteins covering the entire surface of the parasite, including
flagella; the VSP family comprises a repertoire of approximately 200 genes in both
human-infecting assemblages, A and B (Ankarklev et al., 2010, Adam et al., 2010,
Nash, 2002, Adam, 2001). No identical VSPs have been found in the two
assemblages (Franzen et al., 2009). The vsp coding regions comprise about 3 % of

Giardia total genome; it can be raised to 4 % with the inclusion of the upstream
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intergenic areas (which may be tasked with control of the vsp genes expression)
(Adam et al., 2010).

The VSPs size ranges from 20 to 200 kDa; VSPs have variable amino termini
(CXXC) and semi-conserved carboxyl termini (containing GGCY motifs). They also
have a conserved hydrophilic cytoplasmic tail (CRGKA). Immediately adjacent to this
CRGKA domain is a hydrophobic domain that forms the protein membrane anchor
(Fig 1.15) (Ankarklev et al., 2010, Adam et al., 2010). The entire surface of Giardia is
covered with VSPs; the expression of VSPs at the surface is mutually exclusive,
except during differentiation and switching when several VSPs are simultaneously
expressed (Prucca et al., 2011). Switching has been reported to happen every 6 to
13 generations; however, it depends on the growth conditions, Giardia isolate and
the specific VSP expressed (Ankarklev et al., 2010). According to Singer et al, there
is a selection for and against VSPs in immunodeficient hosts which demonstrates
that VSPs may play a key role in the host-parasite interaction. In this study, it was
also suggested that clear preferences existed for specific VSPs in different hosts.
Antigenic variation may allow the parasite to express VSPs that enhance survival in
many different hosts and environmental conditions explaining the large repertoire
of VSPs present in Giardia genome(Singer et al., 2001). However, the differences
between hosts that may affect VSP selection have yet to be determined.

In addition to being involved in the immune evasion and host-parasite
interaction, VSPs are also components of cellular signalling. Indeed, some VSPs are
specifically palmitoylated on the cysteine residue in the conserved CRGKA carboxyl -
terminal motif, located in the cytoplasmic tail (Fig 1.15). This palmitoylation helps
to regulate the segregation of the proteins that are detergent resistant to domains
on the plasma membrane (so-called lipid rafts) (Touz et al., 2005, Hiltpold et al.,
2000). It was also suggested that complement-independent antibody-mediated
cytotoxicity was due to specific changes or signalling mediated by the palmitoylated
CRGKA cytoplasmic tail (Touz et al., 2005). Other VSPs can be citrullinated on the
CRGKA arginine residue by arginine deiminase (Fig 1.15). Citrullation has an
important role in the VSP switching mechanism; a mutation of this residue affects

the switching frequency (Touz et al., 2008).
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Fig 1. 15: Variant Surface Proteins (VSPs) schematic representation (Based on Ankarklev et
al., 2010 with permission). VSPs produce a dense coat by covering the whole surface of the
trophozoite. Only one type of VSP is found on the parasite surface (except during
differentiation and the switching which occurs every 6 to 13 generations). One VSP usually
dominates in a population of parasites; however, a few express other VSPs. VSPs contain
about 11-12 % of cysteine AA, most of which is found numerous CXXC ( =3 ) that build up
disulfide bonds. The amino terminus is the most variable portion and is called variable
domain; this domain seems to be at the interface between the parasite and its
environment. The extracellular domain close to the plasma membrane is a semi-conserved
domain and contains one or two GGCY motifs (@mm®). All VSPs have a conserved hydrophilic
cytoplasmic tail composed of the amino acids CRGKA. This motif can be modified by
palmitoylation of the cysteineresidue and by citrullination of the arginine residue.
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Our knowledge of the molecular mechanisms involved in the regulation of
Giardia antigenic variation is still limited. There is no evidence of (i) gene
rearrangements, (ii) DNA modifications along with the presence of expression-
linked copies, (iii) sequence alterations of the DNA, (iv) telomere-linked
transcription requirements. All of these regulation mechanisms have been linked to
antigenic variation in others protozoan parasites (such as Trypanosoma brucei and
Plasmodium falciparum) (Lopez-Rubio et al., 2007). However, Kulakova et al
suggested that epigenetic mechanisms control VSP regulation. They demonstrated
that the expression of vsp was not because of special DNA rearrangement. They
also showed that antigenic variation occurred in the absence of vsp gene
movement but was associated with in situ chromosome changes in the immediate
upstream sequences of the expressed VSP (Kulakova et al., 2006). This suggests that
some epigenetic mechanisms may be involved in vsp gene transcription activation
(Ankarklev et al., 2010, Kulakova et al., 2006). Other studies proposed an
alternative hypothesis: vsp genes post-transcriptional silencing occurs via a micro
RNA (miRNA)-mediated mechanism (Saraiya and Wang, 2008, Prucca et al., 2008).
During their investigation, Prucca et al showed that the silencing machinery in
Giardia processes specifically vsp RNAs in vitro. Hence, it is possible that chromatin
modification and post-transcriptional processes collaborate to regulate VSP
expression.

Their transport to the surface represents a vital trafficking pathway in
Giardia. An immunoelectron microscopy study showed the presence of VSPs in the
ER, at the plasma membrane and in PVs, but not in ESVs of encysting cells
(McCaffery et al., 1994). However, no intermediate compartments containing VSP
cargo protein in the export pathway between the ER and the plasma membrane
were identified. It was suggested that, because of a C-terminal transmembrane
anchor and a short five AA cytoplasmic domain (CRGKA), these proteins were in
direct contact with the cytoplasm and thus potentially able to mediate their own
export from the ER. Marti et al showed that it was possible to generate an inducible
chimeric reporter that trafficked to the plasma membrane by combining the
exodomain of a Toxoplasma gondii surface antigen (SAG1) and the conserved C-

terminus of a VSP under the control of the CWP1 promoter. This indicates that the
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C-terminus of VSPs may be sufficient to direct a foreign antigen to the plasma
membrane (Marti and Hehl, 2003). On the other hand, by using the entire VSP
exodomain in a reporter domain, another study showed that the transport of VSP
to the plasma membrane despite the absence of the cytoplasmic domain (Touz et
al., 2003). However, due to the fact that a control experiment using a heterologous
exodomain was not included in this study, it remained unclear whether the reporter
lacking a C-terminus targeting signal was exported to the plasma membrane simply
by co-transport through interaction with endogenous VSPs. A number of reporter
proteins with different heterologous components were unable to exit the ER and
progress along the secretory pathway without a VSP C-terminus which indicates
that the presence of a general default pathway seems unlikely (Hehl and Marti,
2004, Marti and Hehl, 2003). It was suggested that coatomer proteins 1l (COPII)
were recruited directly via the conserved cytoplasmic tail for the export of VSPs
(Hehl and Marti, 2004). Once VSPs have left the ER, their transport to the plasma
appears to follow a direct pathway with fast kinetics (Marti and Hehl, 2003).

VSPs are the most studied of Giardia-pathogenic factors; they are the main
mechanism for Giardia evasion of the host humoral immune response. Therefore,
how exactly antigenic variation occurs in Giardia in absence of any immune
pressure has to be determined. How a VSP is replaced by another during antigenic
switching requires also further investigations, as regulation mechanisms of VSPs

expression.

1.5.3.4/ Cysteine proteases

Cysteine proteases (CPs) are proteins degrading polypeptides; they catalyse
the cleavage of amide linkages in macromolecular proteins and oligomeric peptides
(Fig 1.16). They are commonly encountered in fruits but are also found in animals,
viruses or protozoa. CPs are involved in many cellular processes such as growth,
PCD (apoptosis and senescence), accumulation and mobilisation of storage proteins
(such as in seeds). Moreover, they have roles in signalling pathways and in the
response to biotic and abiotic stresses. In parasites, cysteine proteases have key
roles in immunoevasion, enzyme activation, virulence, tissue and cell invasion,

excystment, hatching and moulting (Sajid and McKerrow, 2002). CPs size ranges
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Cysteine Protease

SH
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Scissile
bond

Peptide Substrate

Fig 1. 16: Schematic representation of peptide substrate interaction with an active
cysteine protease (Based on Sajid and Mckerrow, 2002, with permission). AA residues from
the peptide are denoted by “S” (for substrate) and the CP sub-sites that the peptide
interacts with are given the letter “P” (for active site pocket). Sulthydryl nucleophile, the
active site of the CP, is represented as —SH; the peptide bond is attacked prior to hydrolysis
(scissile bond). The carboxyl side and corresponding subsites are referred as the prime side
and are respectively designated: S,’, S,’, S/ and Py’, P,’, P,”. The amino side of the peptide
and corresponding subsites are referred as the non-prime side and respectively termed: S,
S;,Snand Py, Py, P,..
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from 10 kDa monomers to multimeric complexes of several hundred kDa. Catalysis
can be induced either via endoprotease activity (within polypeptide) or via
exopeptidase activity (from amino/carboxyl ends). CPs are classified into clans, the
most abundant of these clans is CA which is divided into families. C1is one of these
families and is represented by cathepsins B, C, H and L. Cathepsins are synthesised
as zygomens; they are activated by proteolytic removal of their N-terminal
propeptide (DuBois et al., 2006, Turk et al., 2002). Orthologs of many of the genes
encoding for these CPs are present in Giardia genome.

The first cathepsin-like protease genes identified in Giardia were CP1, CP2
and CP3 which encode cathepsin B-like proteases (Ward et al., 1997). Twenty-seven
cathepsin-like protease genes have now been identified in Giardia genome (DuBois
et al., 2008); they encode three main CP classes: cathepsin B-like, cathepsin C-like
and cathepsin K/L-like proteases. These genes, which are not found in groups or
tandem arrays, are located throughout Giardia’s genome. According to sequence
analysis, most of the Giardia cathepsins, like their homologues, possess a pro-
domain and are likely synthesised as inactive precursors (DuBois et al., 2008,
DuBois et al., 2006). It has been demonstrated that the expression of most CPs
increases upon excystation. The cathepsin B-like proteases encoding genes seem to
be expressed at higher level than the cathepsin C-like or K/L-like protease genes
(DuBois et al., 2006). As reported by Sajid and McKerrow, Giardia cathepsin B-like
proteases lack the “occluding loop” present in cathepsins B of higher eukaryotes.
This occluding loop gives cathepsin B proteases their peptidyldipeptidase and
dipeptidyl carboxypeptidase activity; as it stabilises the carboxyl end of substrate
peptides upon substrate-protease binding (DuBois et al., 2006, Sajid and McKerrow,
2002). Therefore, Giardia cathepsin B-like proteases are still believed to exhibit only
endopeptidase activity against peptides (DuBois et al., 2008).

Several studies have investigated the possible biological roles for some of
the Giardia cathepsin-like proteases. Ward et al have shown a decrease of the
number of trophozoites during excystation of G.muris cysts when CPs inhibitors
were added to the media suggesting that CPs were involved in the excystation
process during colonisation of a new host by the parasite. They also demonstrated

that CP2 may be the agent responsible for breaking down the cyst wall during
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excystation. DuBois and collaborator also showed that CP2 gene is expressed at a
high level compared to most other genes during vegetative growth and encystation;
suggesting that CP2 may have more functions in Giardia intracellular processes.
Another study also presented data suggesting that a cathepsin C-like protease
(encystation-specific cystein protease: ESCP) was the intracellular CP involved in the
encystation of trophozoites (Touz et al., 2002). Indeed, the cyst wall proteins,
forming the Giardia cyst, require proteolytic processing of an alkaline tail before
being released from encystation-specific vesicles and added into the cyst wall. In
2006, a study showed for the first time that CPs are involved in the attachment of
trophozoites to the host epithelial cells (Rodriguez-Fuentes et al., 2006). By using
CPs inhibitors, they observed a decrease of the parasites adhesion. This discovery
supports the hypothesis that protease secretion plays a role in the adhesion of
Giardia to the epithelial cells. It has been proposed that, in vivo, CPs may play a role
in the degradation of mucin, facilitating either the adhesion of the parasite to host
cells or the parasite motility.

Members of CA clan, cathepsin B in particular, have been shown to be either
targeted to intracellular vesicle compartments or secreted which suggests that,
besides their implications in encystation, excystation and trophozoite attachment
to host intestinal cells, Giardia cathepsin B-like proteases may be involved in other
host-pathogen interaction pathways (Sajid and McKerrow, 2002). A recent study
suggested that Giardia cathepsin B-like proteases degrade intestinal interleukin-8
(IL8) and are responsible for the host low inflammation reaction to Giardia infection
(Cotton et al., 2014).

Although 27 genes encoding CPs have been located throughout Giardia
genome and few of CPs major roles in trophozoite excystation, encystation and
attachment were identified, their implication in the disease pathogenesis and host
immunity still remains elusive. Analysis of assemblages A and B coding regions
indicated an amino acid identity of only 78 % (Franzen et al., 2009). This suggests
that CPs may play different roles, specific to one assemblage, in the modulation
and/or attenuation of the host immune response (Cotton et al., 2014). Whether CPs

have some assemblage-specific roles needs to be assessed and further investigate.
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1.5.4/ Giardia-secreted factors

Since its discovery 300 hundred year ago, Giardia still remains an enigma.
Even if at least five of Giardia pathogenic factors have been identified (Table 1.6),
none has been directly associated with giardiasis so far. Earlier studies have raised
the possibility of protein release into the growth medium during in vitro incubation
of Giardia trophozoites (Katelaris and Farthing, 1992). Others, more recently, have
tried to identify some possible Giardia-secreted proteins which could be the cause
of the physiological changes within epithelial cells (Ringqgvist et al., 2011, Ankarklev
et al., 2010, Ringqvist et al., 2008, Rodriguez-Fuentes et al., 2006).

Cysteine proteases were shown to be secreted by Giardia trophozoites upon
incubation with different intestinal epithelial cell lines suggesting that CPs may play
a role in the attachment of trophozoites to the intestinal epithelia (Rodriguez-
Fuentes et al., 2006). It was also suggested that secreted CPs may play a role in the
degradation of intestinal mucin as shown by an in vivo study (Paget and James,
1994). Another study showed that Giardia released three metabolic enzymes: (i)
Enolase; (ii) arginine deiminase (ADI); and (iii) ornithine carbamoyltransferase (OCT)
in response to interaction with intestinal cells (Ringqgvist et al., 2008). Enolase has
been shown to be involved in pathogenesis of other pathogens colonising mucosal
surfaces such as prokaryotic Streptococcus agalactiae and eukaryotic Candida
albican in which either enolases are either secreted or present at the surface of the
organism (Fluegge et al., 2004, Sundstrom and Aliaga, 1994). However, the specific
activity of Giardia-secreted enolase was not determined during this study;
therefore, the role of enolase, if any, during host-pathogen interaction remains to
be determined (Table 1.6). ADI and OCT are used in Giardia to actively metabolise
arginine for energy. Arginine depletion was shown to reduce the ability of intestinal
cells to produce nitric oxide (NO), anti-microbial innate defence molecule. NO
inhibits both encystation and excystation in Giardia (Eckmann et al., 2000). NO was
previously shown to inhibit giardial growth but not viability, in vitro, and also both
encystation and excystation (Eckmann et al., 2000). Therefore, luminal OCT and ADI
might reduce the levels of intestinal arginine leading to a lower production of NO by

intestinal epithelial cells. Arginine depletion is also known to induce apoptosis in
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human cell lines (Philip et al., 2003); human giardiasis patients show an increase
rate of intestinal epithelial cell apoptosis (Troeger et al.,, 2007). A recent study
showed the implication of Giardia—secreted cathepsin B in the degradation of
intestinal interleukin-8 (IL-8) leading to an attenuation of the IL-8-induced
neutrophil chemotaxis (Cotton et al., 2014). This shows that Giardia is capable of
attenuating aspects of the host’s pro-inflammatory response. However, whether
both assemblage A and B trophozoites are able to do so remains unclear and has to
be investigated. The mechanisms involved in the attenuation of IL-8 production by
Giardia-secreted cathepsin B require also further investigations. All these studies
suggest that Giardia secretes molecules having potential roles in host immune
system evasion, parasite attachment and anti-inflammatory modulation. Yet, all
these different analyses were done on Giardia lysates after incubation with
different intestinal cell lines which could lead to transcriptional changes in the
trophozoites during interaction with the host intestinal epithelia. Whether or not
trophozoites secrete proteins prior to interacting with intestinal cells, or during
colonisation of a new environment, has not been determined yet. Identifying the
protein secreted by Giardia at early stage of infection could give some insights on
how the infection begins and may help understand how the different giardiasis
symptoms occur.

During secretory diarrhoea, chloride secretion is increased by pathogen
enterotoxins such as the cholera toxin secreted by Vibrio cholera. The electrogenic
chloride ion secretion from enterocytes is thought to be responsible for the osmotic
imbalance that draws fluid into the lumen. The normal physiological secretion can
be altered by enterotoxins; thus, the secretion accelerates due to a fluid entry
overwhelming the normal chloride absorption (Lucas, 2010). Even if Giardia
infection causes non-secretory diarrhoea, it has been thought to increase the anion
secretion, in a similar fashion to pathogens causing secretory diarrhoea (Hodges
and Gill, 2010, Troeger et al., 2007). However, a recent study in our laboratory has
shown that a Giardia-secreted factor inhibits the enterocyte chloride secretion (Al-
Naimi et al, unpublished data). In that study, an Ussing chamber system was used
to determine whether or not Giardia cultures and supernatants of both human

assemblages could influence the trans-Epithelial Electrical Resistance (TEER) and
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short-circuit current (Isc) of the colonic cell line CaCo-2. After 24 hours incubation
with Giardia, a significant decrease of the CaCo-2 TEER was observed (Fig 1.17). In
order to study the effect of Giardia co-culture and supernatants on the CaCo-2 Isc,
CaCo-2 cells were incubated with Giardia culture/supernatants and either chloride
channel inhibitors or activators were added (Fig 1.18). After 24 hours, the cellular
Isc for the chloride channel inhibitors, 4,4’-disothiocyanatostibene-2,2’-disulfonic
acid (DIDS) and Glybenclamide (Gly 101), was suppressed. Moreover, there was a
reduction in both the forskolin and the Uridine 5’'-Triphosphate (UTP) on the Isc
stimulating reaction (Fig 1.19). A reduced effect was also observed when CaCo-2
cells were incubating with diluted Giardia supernatants (Fig 1.19 B.). This effect on
chloride secretion by Giardia supernatants indicates that Giardia secretes a soluble
factor which affects the intestinal epithelial cells. CaCo-2 cells were shown to be
viable by performing a viability assay (data not shown). This strongly supports the
possibility of Giardia-secreted factors acting on the intestinal cells chloride
secretion. The fact that intestinal ion transport is abrogated by Giardia trophozoite-
secreted factor suggests that intestinal water transport may also be disrupted by
the parasite secreted factor. Moreover, it was previously suggested that an
inhibition of chloride secretion lead to a decrease in cell volume (Walters et al.,
1992), which suggests that Giardia-secreted factor may also have an effect on the
intestinal cell volume and therefore morphology. However, what this soluble factor
is, the mechanism involved and the effect on intestinal cell morphology require

further investigation.

1.6/ Aims of the study

Having a better understanding of how Giardia causes diarrhoea is crucial to
developing interventions to fight this waterborne disease. To investigate Giardia
virulence factors, many studies tried to answer an important question: Does Giardia
secrete soluble mediators which disrupt the effective functions of the intestinal
epithelium? (Ringqvist et al.,, 2011, Ringqvist et al., 2008, Al-Naimi et al.,,
Unpublished data). Giardia possesses peripheral vesicles and ESVs suggesting that

trophozoites may release soluble factors in the intestinal lumen.
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Fig 1. 17: Effect of 24 hours Giardia co-culture on the CaCo-2 TEER. CaCo-2 cells were
mounted in Ussing chamber. (n=6) Values are expressed relative to controls. The results
were assessed by student's t-test and expressed as mean values #standard error mean
(SEM). Significant difference **P<0.01 compared with controls
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Fig 1. 18: Schematic representation of Chloride secretion activators/inhibitors sites of
action. The chloride secretion was inhibited by Glybenclamide (GlyH 101) on the calcium-
activated CI- channel (CaCC) and by 4,4’-disothiocyanatostibene-2,2’-disulfonic acid (DIDS)
on the cystic fibrosis conductance regulator (CFRT). The ion secretion was stimulated by
Uridine 5'-triphosphate (UTP) on the Purinoreceptor 2 (P2Y2); and by Forskolin on the
cAMP Receptor Protein (CRP).
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What these soluble mediators are remains partly unknown and need to be
further investigated. Few in vitro studies have shown that Giardia trophozoites are
able to release several enzymes having an effect on intestinal cells during host-
pathogen interaction (Table 1.6) (Cotton et al., 2014, Ringqvist et al.,, 2011,
Ringqvist et al., 2008, Rodriguez-Fuentes et al., 2006). However, which proteins are
released by Giardia at the early stage of the infection, and in what quantity, prior to
host-pathogen interaction have never previously been investigated.

The aims of this thesis are:

(i) To investigate the effects of both Giardia assemblage A and B
supernatants, obtained from in vitro culture, on intestinal cells
morphology and turgidity via immunofluorescence and microscopic
analyses.

(ii) To investigate the effects of both Giardia assemblage A and B
supernatants, obtained from in vitro culture, on intestinal cell main
water and ion transporters (AQP3, SGLT-1 and CFTR) via
immunofluorescence microscopy and western blot analyses.

(iii)  To obtain high quality supernatant free from exogenous proteins for
subsequent proteomics analysis.

(iv) To determine quantitative secretion profile for both assemblage A and B

via mass spectrometry and bioinformatics analyses.
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Material and Methods
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2.1/ Materials

All materials were supplied by either Sigma-Aldrich (UK); Sera Laboratories
International (SLI, UK); Molecular Probes (UK); Invitrogen (UK), or Santa Cruz

Biotechnology (USA) unless otherwise stated.

2.1.1/ Antibiotics, TYI-S-33 and Dulbecco’s Modified Eagle
Medium (DMEM)

2.1.1.1/ Antibiotics and reagents

Penicillin/Streptomycin (P/S) stock solution — 100 units/ml penicillin G; 100 pg/ml

streptomycin. Stored at-20°C
10* Phosphate buffered saline (PBS) — Dissolved 80 g NaCl, 2 g KCl, 26.8 g Na2HPOa4

— 7H20 and 2.4 g KH2PO4 in 800 ml H20. pH was adjusted to 7.4 with HCl and
volume to 11 with H20.

The solution was sterilized by autoclaving (20 min, 121°C, liquid cycle) and stored at
room temperature.

PBS — 100 ml of 10x PBS in 900 ml of dH20. The diluted solution was also sterilized
by autoclaving and then was stored at room temperature.

B12 Vitamin mix — dissolved 8.5 g B12 Vitamin mix (Sigma-Aldrich, UK) into 100 ml

ultrapure water. Solution was sterilised, kept away from light and stored at -20°C.

2.1.1.2/ TYI-S-33 medium (Keister’s modification) (Table 2.1)

888 ml sterilised distilled water, 1 g dibasic potassium (K2HPOa4), 0.6 g
monobasic potassium (KH2PO4), 1 g NaCl, 5 g neutralized pancreatic digest, 25 g
yeast extract, 0.5 g dehydrated bovine bile, 10 g D-glucose, 2 g L-cysteine, 0.2
ascorbic acid (vitamin C), 22.8 mg ferric ammonium citrate, 100 ml albumin bovine
serum-heat inactivated (ABS-HI), 20ml B12 vitamin mix, 5 ml P/S antibiotics. In
order to reach a 7.0-7.1 pH, NaOH was added to the solution (Table 2.1).

Medium was stored at -20°C, in 50ml falcon tubes.
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Table 2.1: TYI-S-33 Medium formulafor in vitro growth of Giardia (Keister, 1983)

Component Quantity/litre Final concentration

KoPO.4 lg 4.4 mM

KH,PO,4 600 mg 4.4 mM

NaCl lg

Neutralized Pancreatic digest 5g

Yeast extract 25g

Dehydrated Bovine Bile 500 mg

D-glucose 10g 56 mM

L-cysteine HCL 2g 16.5 mM

Ascorbic acid 200 mg 1.1 mM

Ferric NH,-citrate 22.8 mg

NaOH Bring pH t0 7.0-7.1
(1.65 ml of 10 M solution)

Heat-inactivated Serum ¢ 100 ml 10%

(Bovine or fetal Calf)

B12 Vitamin mix @ 20 ml

9 The vitamin B12 mix and heat-inactivated serum were kept as solution at - 20°C. All the
components except the heat-inactivated serum and the vitamin B12 mix were dissolved in water,
brought to 900 ml; heat-inactivated (56°C for 20 min) serum and vitamin B12 mix were then added.
The solution was sterilized on a 0.45 um-pore-size filter, aliquoted in 50 ml falcon tubes and stored
at -20°C. During in vitro growth, the organisms were grown in sealed glass tubes nearly filled with
medium.
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2.1.1.3/ Dulbecco’s Modified Eagle Medium (DMEM)

Supplemented DMEM — containing Non-Essential Amino Acid (NEAA) and 4.5 g/l

glucose, 1% L-glutamine, 1% P/S, and 10% Foetal Calf Serum (FCS). Stored at +4°C.

2.1.2/ Cell lines

_ The human colonic adenocarcinoma derived epithelial cell line: Caco-2, which was
kindly given by Dr Yongping Bao (BioMedical Research Centre, UEA, Norwich, UK)
(Roxstrom-Lindquist et al., 2005, Grasset et al., 1984).

_ Giardia: WB (assemblage A) and GS (assemblage B) strains and culture
supernatants, which were kindly provided by Dr Jorge Tovar et al , from the School
of Biological Sciences of The Royal Holloway, University of London (Smith et al.,

1982, Meyer, 1970) (Fig 2.1).

\ - )
(. r
|

VVB - assemblage A

GS - assemblage B

Fig 2. 1: Giardiaisolates: WB (assemblage A) and GS (assemblage B) (Al-Naimi etal,
unpublished)

2.1.3/ Giardia Supernatant preparation

Non-supplemented DMEM — containing NEAA [+], 4.5 g/| Glucose [+], L-glutamine [-

], Sodium pyruvate [-].Stored at +4°C.
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2.1.4/ Protein analysis

2.14.1/ Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

o SDS-PAGE buffers

30 % acrylamide/Bis solution 37.5:1 (2.6%) Acrylamide — N,N’-methylene-bis-

acrylamide Electrophoresis Purity Reagent (Bio-Rad Laboratories, UK).

1.5 M Tris-HCI pH 8.8 — 54.45 g Tris base, 150 ml distilled water (ddH:0), pH

adjusted with HCI.
0.5 M Tris-HCL pH 6.8 — 6 g Tris base, 60 ml distilled water, pH adjusted with HCI.

10% Sodium Dodecyl Sulfate (SDS) — 50 g dissolved in 500 ml distilled water.

10% ammonium persulfate (APS) — 100 mg dissolved in 1 ml distilled water.

1 L of 10 x Gel running buffer pH 8.3 — 30.3 g Tris base, 144 g glycine, 10 g SDS.

1L of 1 x Gel running buffer — 100 ml 10 x Running buffer, 900 ml distilled water.

Loading buffer — 4 ml ddH20, 1 ml 0.5 M Tris-HCI pH 6.8, 1.6 ml 10 % SDS, 0.8 ml

glycerol, 0.2 ml bromophenol blue. Stored at -20°C.

X4 SYPRO staining buffers and reagents

SYPRO Fixing solution — 50 % methanol, 7 % acetic acidin a 200 ml solution.

SYPRO Washing solution — 10 % methanol, 7 % acetic acidin a 100 ml solution.

SYPRO® Ruby protein gel stain — 500 ml solution, Molecular probes, Invitrogen, UK.

X8 Gels for SDS-PAGE electrophoresis

Gels were prepared the day before running the electrophoresis, and kept at
4°C. The percentage of acrylamide used varied according to protein size (Table 2.2).
The soluble factor size being unknown, SDS-PAGE electrophoresis were run under
standard conditions, 10 and 12 % acrylamide separation gels and 5 % acrylamide

stacking gels were prepared.
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Table 2.2: Separation Polyacrylamide gel recipes (fortwo gels).

Gel components Percentage of acrylamide
f'”a'”"r:';'lm'z: 15 6% 8% 10% 12% 15%
ddH:0 7a8ml &40 ml 59 ml 49 mil 34 ml
302 Bis
. 3.0ml 4.0 ml S50ml 6.0 ml 75 ml
Acrylamide
1'5MTEFEEH':“’H 3.8ml 3.8 ml 3.8 ml 3.8 ml 3.8 ml
10% SD5 150 pl 150 pl 150 pl 150 p 150 pl
10 %APS 150 pl 150 pl 150 pl 150 pl 150 pl
TEMED 12 pl 9 pl 6 pl 6 pl 6 pal
Range of 60 kDa250 40 kDa- 100 20 kDa-70 20 kDa 60 10 kD
- = = = = =
sEparaon kDa kDa kDa kDa 40 kDa
of proteins
Separation gels:
Recipe for 10% Acrylamide gel (15 ml):
1.5 M Tris pH 8.8 3.8 ml
30% Acryl-bisacrylamide (BioRad, UK) 5.0 ml
10% SDS (Melford, UK) 0.15 ml
10% Ammonium Persulfate (APS) 0.15 ml
TetraMethylEthylenDiamineTEMED (BioRad, UK)  0.006 ml
Sterile H20 4.9 ml
Recipe for8 % Acrylamide gel (15 ml):
1.5 M Tris pH 8.8 3.8 ml
30% Acryl-bisacrylamide (BioRad, UK) 4.0 ml
10% SDS (Melford, UK) 0.15 ml
10% APS 0.15 ml
TEMED (BioRad, UK) 0.009 ml
Sterile H20 6.9 ml

500 pl of isopropanol were added on top of the gels during polymerization.

Once gels polymerized, isopropanol was removed, top of the gels were washed

once with ddH20, and stacking gels were poured.
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Stacking gel:
Recipe for a 5% Acrylamide gel (3 ml):

0.5 M Tris pH 6.8 0.38 ml
30% Acryl-bisacrylamide 0.5 ml
10% SDS 0.03 ml
10% APS 0.03 ml
TEMED 0.003 ml
Sterile H20 2.1 ml

2.1.4.2/ Western blot

X Western blot buffers and reagents

10x Transfer Buffer/stock pH 9.2 —390 mM glycine, 480 mM Tris, 0.3 % SDS ina 1

litre solution.

1x Transfer buffer — 100 ml 10x Transfer buffer, 200 ml Methanol in a 1 litre

solution.

10x Tris-Buffered Saline and Tween20 solution (TBST) — 200mM Tris, 1.5 mM NacCl.

1 % Tween in a 1 litre solution. pH was setto 7.6.
1x TBST— 100 ml 10x TBST ina 11 solution.
20x_NuPAGE® MES SDS Running buffer— 500 ml solution, Life technologies Ltd,

Invitrogen (Paisley, UK).
1x NuPAGE® MES SDS Running buffer — 100 ml 20x NuPAGE® MES SDS Running

buffer in 1.9 L distilled water.

Odyssey blocking buffer —. 500 ml solution, Li-Cor inc (UK).

<> Western blot gels

As the sizes of the target proteins vary widely (from 40 to 150 kDa), precast
gels with a concentration gradient were purchased from Life technologies Ltd,
Invitrogen (Paisley, UK).

NuPAGE® Novex® —4-12 % Bis-Tris Gels 1.0 mm 10 wells.

4-12 % Bis-Tris Gels 1.0 mm 12 wells.
4-12 % Bis-Tris Gels 1.0 mm 15 wells.
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2.1.4.3/ Immunofluorescence Assay Material

4 % Paraformaldehyde (PFA)/PBS — 16 g of PFA was added to 200 ml of just boiled

water. NaOH was added until the liquid lost turbidity. 100 ml was added to 80 ml of

H20 and 20 ml of 10x PBS then adjusted to pH 7-8. The solution was aliquoted and
frozen at -20°C.

0.5% Bovine Serum Albumin (BSA) — 0.5 mg BSA in 100 ml 1x PBS. Stored at -20°C.

4',6-diamidino-2-phenylindole (DAPI): — 1:500 dilution, 5 pl DAPI in 2.5 ml of 1x PBS.

Wrapped in foil and stored at -20°C.

2.1.4.4/ Antibodies and fluorescent dyes

Rabbit anti-AQP3 (Clone H-80), Rabbit anti-SGLT1 and one monoclonal
Mouse anti-CFTR (Clone A-3) were purchased from Santa-Cruz Biotechnology
(Dallas, USA). A monoclonal Mouse anti-CFTR was purchased from R&D systems
(Minneapolis, USA); and another monoclonal Mouse anti-CFTR antibody was
purchased from AbCam Plc (Cambridge, UK). Rabbit anti-ZO1 was purchased from
Invitrogen (Paisley, UK). Mouse anti-B actin was purchased from Sigma (St Louis,

USA). All the antibodies were used as directed below (table 2.3).

Table 2.3: Working dilutions for Antibodies used forImmunofluorescence and Western
blot

Working dilution

Primary Antibody  Clone W(ke)ls(';fm IFA Company

Rabbitanti-AQP3 H-80 1:1,000 1:50 Santa-CruzBiotechnology (sc-20811)

Rabbitanti-SGLT1 - 1:1,000 1:300 Santa-CruzBiotechnology (sc-98974)
Rabbitanti-ZO1 - - 1:400 Invitrogen (40-2200)
Mouse anti-CFTR 13-1 1:250 1:50 R&D systems (MAB-1660)
Mouse anti-CFTR CF3 1:750 1:50 Abcam (ab2784)

. Santa-Cruz Biotechnology (sc-
Mouse anti-CFTR A-3 1:500 1:50 376683) gy (
Mouse anti-Bactin ~ AC-15 1:25,000 - Sigma (A5441)

Alexafluor 488nm and Alexafluor 594nm were purchased from Molecular
Probes (Invitrogen, Paisley, UK). Goat anti-mouse 680 nm and Goat anti-rabbit 800
nm were purchased from Li-Cor (Lincoln, USA). DAPI was purchased from Sigma (St

Louis, USA). All antibodies and fluorescent dyes were used as directed below (table

2.4).
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All the microscopy was performed using the Axioplan 2 imaging microscope

and the Axiovision software version 4. 8.2 unless otherwise stated.

Table 2.4: Working dilutions for Secondary Antibodies and Fluorescent dyes used for
Immunofluorescence and Western blot

Working dilution
Secondary Antibody/Fluorescent  Western

Dyes blot IFA Company
Goat anti-Rabbit Alexa fluor® 488 - 1:1,000 Molecular probes (A-11008)
i ®
?g:keya”t' Mouse Alexafluor - 1:1,000  Molecular Probes (A-21203)
IRDye 680LT Goat anti-Mouse 1:7000 - Li-Cor (926-68020)
IRDye 800LT Goat anti-Rabbit 1:7000 - Li-Cor (926-32211)
DAPI - 1:100 Sigma (D9542)

2.1.4.5/ Protein extraction

Phosphatase inhibitor cocktail set Il — Calbiochem, Germany.

M-PER® Mammalian Protein Extraction Reagent — Thermo Scientific, Waltham,

USA.

2.1.5/ Flow cytometry viability assay

10* PBS — Dissolve 80 g NaCl, 2 g KCl, 26.8 g NaHPO4— 7H,0 and 2.4 g KH2POs in
800 ml H20. pH was adjusted to 7.4 with HCl and volume to 1 | with H>O0.

The solution was sterilized by autoclaving and stored at room temperature.

PBS — 100 ml of 10x PBS in 900 ml of dH20. The diluted solution was also sterilized
by autoclaving and then was stored at room temperature.

Non-supplemented DMEM — containing NEAA [+], 4.5 g/| Glucose [+], L-glutamine [-

], Sodium pyruvate [-].Stored at +4°C.
Trigene — Desinfectant cleaner for laboratory applications, Tristel Solutions Ltd,
Snailwell, Cambridgeshire, UK. Trigene was diluted in sterile water at a 1:5 dilution.

Propidium lodide (PI) — 1mg/ml. Invitrogen, UK.

2.1.6/Proteomic assay

2.1.6.1/ Samples preparation

30 % Trichloroacetic acid (TCA) — 6 ml TCAin 20 ml H20 (Sigma-Aldrich, Dorset, UK).

100 % Acetone— Sigma-Aldrich (Dorset, UK).

114 |Page



Chapter II

3,000 MWCO PES Membrane Vivaspin Columns — Vivaproducts (Littleton, USA).

25mM Ammonium Bicarbonate (Ambic) — 19.77 g Ambic in 10 ml Ultrapure HO.

1% RapiGest™ — Waters MS techonologies (Starstedt, Leicester, UK).

3mM dithiothreitol — Sigma-Aldrich (Dorset, UK).

9mM iodoacetimde — Sigma-Aldrich (Dorset, UK).

Proteomic grade trypsin — Sigma-Aldrich (Dorset, UK).

NuPAGE® Novex® — 4-12 % Bis-Tris Gels, from Life technologies Ltd, Invitrogen

(Paisley, UK).

Trypsion — Sigma-Aldrich (Dorset, UK).
2.1.6.2/ Proteomic analysis

X8 Mass Spectrometry (MS)

nanoACQUITY-nLC system— Waters MS technologies (Manchester, UK).

LTQ-Orbitrap Velos mass spectrometer — ThermoFisher Scientific (Bremen,
Germany).
X8 Data analysis

Progenesis LC-MS software — version 4.1, Nonlinear Dynamics (UK).

Mascot software — version 2.3.02, Matrix Science.

2.1.7/ Statistical analysis software

Student Package for Social Science software (SPSS) version 18 — SPSS Inc, Chicago,

[llinois, USA.

2.2/ Methods

2.2.1/ Tissue culture

All the aspects of tissue culture including media preparation were carried

out under sterile conditions in a class Il tissue culture cabinet.
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2.2.1.1/ Giardia trophozoites

<> Routine culture of Giardia trophozoites

Trophozoites were cultured in 15 ml glass tubes and maintained in TYI-S-33
medium modified according to Keister (Keister, 1983), and supplemented with 0.5%
penicillin / streptomycin. Cells were grown to confluence at 37°C in an atmosphere
of 5% CO2 and 95% air, and were subcultured every 3 to 4 days. To subculture,
tubes were put on ice for 15 up to 20 min and then slowly, manually shaken to
remove cells from tube wall and 10 ul of cells were added in new glass tubes

containing 13 ml of fresh TYI-S-33 medium.

7

< Preparation of Giardia trophozoite supernatant

Parasites were grown until they reached confluence, and put on ice for 20
min. Then, both WB and GS strains were transferred into 15 ml falcon tubes and
separated by centrifugation for 10 min at 3,000 rotations per minute (rpm).
Supernatants were collected and stored at -20°C until use for cellular assay on
CaCo-2 cells. Pellets were either resupsended in 1:5 Trigene solution (diluted in
PBS) for flow cytometry analysis orused for proteomic analysis (Fig 2.2 Aand C.).

In order to have Giardia WB and GS supernatants as free from
contamination with the bovine serum proteins as possible, a “supernatant
cleaning” protocol was created. After 20 min on ice, both WB and GS strains were
transferred into 15 ml falcon tubes and separated by centrifugation for 10 min at
3,000 rpm. Supernatants were removed and pellets were washed three times with
pre-warmed PBS (4 ml, 2 ml and 1 ml respectively) to remove any bovine proteins
from the milieu of culture. Pellets were centrifuged for 10 min at 3,000 rpm
between each wash. After the third wash, pellets were resuspended in pre-warmed
non-supplemented DMEM, to boost the cellular growth and secretion, and
incubated for approximately 60 min at 37°C. After 60 min incubation, samples were
chilled for 5 min; and supernatants were separated from pellets by centrifugation
for 10 min at 3,000 rpm. Supernatants were collected and stored at -20°C until use
for either proteomics analysis or cellular assay on Caco-2; Pellets were either

resupsended in 500 ul PBS for flow cytometry analysis or used for proteomics
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Fig 2.2: Preparation of Giardia samples for SDS-PAGE/Western blot assays, flow
cytometry, proteomics and cellular assays on CaCo-2 cells. All samples were grown in
normal milieu of culture (TYI-S-33), then chilled for 20 min and transferred in 15ml plastic
tubes and centrifuged 10 min at 3,000 rpm ( —2). A. Giardia samples prepared directly from
culture tubes. Pellets were resuspsended ( ») in 500 ul PBS to perform flow cytometry
assay; and supematants were tested against CaCo-2 cells as described in section 2.2.2.3. B.
Giardia cells were washed three times with PBS, incubated in FCS-free DMEM for up to 60
min at 37°C, chilled for 5 min and centrifuged. Pellets were either used for flow cytometry
after resuspension in 500ul PBS or stored at -20°C for proteomics analysis. Supematants
were stored at -20°C for either proteomics analysis or cellular assay on CaCo-2. C. Samples
were killed with 1:5 Trigene (diluted in PBS); to be used as a “dead cell” control in flow

cytometry.
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analysis (Fig 2.2 B.).
When used for cellular assay, Giardia supernatants were diluted in
supplemented DMEM either at 1: 250 and 1:1,000 for immunofluorescence, or

1:250, 1:500, 1:1,000 and 1:5,000 for western blot.
2.2.1.2/ Caco-2 cells

< Routine culture of CaCo-2cells

Cells were grown in 75 cm? flasks and maintained in Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10% foetal calf serum (FCS), 1% L-
glutamine, 1% penicillin/streptomycin (100 units/ml penicillin G / 100 pg/ml
streptomycin). Cells were cultured at 37°C in a humidified atmosphere of 5% COz in
air. The medium was changed every 48 to 72 hours to remove debris from flasks.

Once 80 % confluence was reached, Caco-2 cells were washed three times
with 1x PBS; 1 ml of trypsin was added to the flask which was left at 37°C for 5
minutes. Then 9 ml of media were added to inactivate Trypsin; 1 to 2.5 ml of cells
were transferred to a new T75 flask with fresh media up to 15 ml. Medium was
changed approximately 24 hours after the passage of the cells and then every 48 to

72 hours.

X Preparation of CaCo-2 cells for protein analysis

Cells were cultured in DMEM, at 37°C and 5% CO2, on chambered glass
coverslips or in multiwall-plates for immunofluorescence and protein extraction,
respectively, in DMEM (Table 2.5). A Neubauer chamber was used to determine the
number of cells needed per microliter (Fig 2.3). The following formula was then
then employed to obtain the average number of cells per ml:

Average number of cells x dilution (if used) x 10*
The new cell suspension was prepared with a 1:3 relation; for 1ml of cells, 3

ml of DMEM.
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Table 2.5: Cell densities for different culture plates for protein extraction and
immunofluorescence assay.

Culture Vessel Growth Size {cm?) Cell Density (Per Well)  Plating Media [ml) Relative Area
48 well-plate 1 10,000 0.2 0.5x
24 well-plate 2 20,000 0.4 1x
12 well-plate 3.8 50,000 1 2x
6well-plate 9.5 250,000 2 5%
& cm dish 21 300,000 3 10x

Once CaCo-2 cells reached 80% confluence, cells were washed once with
PBS and incubated with different dilutions of both Giardia human strains (as
described in Chapter 2.1.1.2) for 1, 8 and 24 hours.

At the end of the incubation period, cells were washed once with PBS and
then either fixed on glass coverslips with 4% PFA for immunofluorescence, or their
proteins were extracted in order to perform the western blot analysis (as described

in sections 2.2.3.1 and 2.2.2.1 respectively).

2.2.2/ Protein analysis

2.2.2.1/SDS-PAGE

X8 Protein concentration assessment

The level of protein was determined by Bicinchoninic Acid Assay (BCA
protein assay kit, Thermo Scientific, UK) and read on DynamTech plate reader or
OMEGA plate reader (BMG Labtech, Germany) (A= 550 nm). The level of protein
was between 120 and 220 pg/ul. The supernatants were used without any dilution.
Only the control (TYI-S-33) was diluted to 1/100 and 1/500, its concentration being

too high to be read on the plate reader.

> SDS-PAGE

Proteins were mixed with loading buffer and then loaded in a ratio of 3:1
and boiled for 5 min (Laemmli et al., 1970). Gels were placed in a vertical gel tank
system and 500 ml of running buffer 1x were placed between them until it
overflowed into the surrounding tank. Gels were loaded with 20 pl of diluted and
undiluted supernatants alongside a protein standard molecular weight marker

(Precision Plus Dual Colour Protein Standard, BioRad, UK) and run at 100 Volts (V),
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Fig 2. 3: Example of a Neubauer counting chamber. The counting grid is 3 mm x 3 mm in
size, subdivided in 9 squares of 1 mm width. Boundary lines of the Neubauer chamber are
the centre lines ( > ). The four squares on each side of the Neubauer chamber
represent the counting area (D) where cells in suspension (®) are counted. They are
subdivided into 16 small squares. The ruled surface below the cover glass is 0.1 mm, giving
a volume overeach of the 16 small squares of 0.00025 mm?.
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for approximately 2 hours, or until the protein standard indicated good separation

at room temperature.

X8 Gel fluorescent staining with SYPRO

Gels were immersed twice in a fixing solution bath for 30 min and stained
with 40 ml of a pre-diluted SYPRO solution, overnight, in a container protected from
the light (Lopez et al., 2000). The next day, gels were washed once with a washing

solution for 30 min and then twice with ultrapure water for 5 min.
2.2.2.2/ Western blot

D8 Protein extraction

After being seeded in 12 well-plates and incubated with different
concentrations of Giardia assemblage A and B supernatants (1:250, 1:500, 1:1,000,
and 1:5,000). CaCo-2 cells were incubated with M-PER (Thermo fisher, US) for 5
minutes at +4°C in order to extract proteins.

To obtain the best protein concentration during the protein extraction, the
optimum volume of M-PER needed was assessed according to Thermo Fisher
suggested volume table (Table 2.6), starting at 250 ul decreasing down to 50 ul for a
12 well-plate culture vessel. The optimum protein concentrations were obtained by
incubating CaCo-2 cells with 50 ul of M-PER. Once incubated with M-PER, cells were
scraped using cell scraper and transferred into 1.5 ml eppendorf tubes. Tubes were
centrifuged at 13,000 rpm for 10 minutes. Supernatants were collected into 0.5 ml
eppendorf tubes, protein concentrations were assessed by BCA, and tubes were

stored at-20°C until use for western blot analysis.

Table 2.6: Suggested volume of Thermo Scientific M-PER Reagent to use for different
sizes of standard culture plates.

Culture Vessel/ Plate Size M-PER Reagent volume
100 mm* 500 — 1,000 pl
60mm * 250 -500 pl

6 well-plate 200 -400 pl
24 well-plate 100 -200 pl
96 well-plate 50-100 ul

* Cells grown in 100 mm plates typically contain 107 cells (50 mg) and yield ~3 mg total protein
depending on cell type.
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X Protein concentration assessment

The level of protein was assessed as described above in chapter 2.2.1.1.
Samples were prepared accordingly to their protein concentration in order to load

10 ug of proteins.

<> SDS-electrophoresis

Proteins were mixed with loading buffer (3:1 ratio) and boiled for 5min at
100°C (Laemmli et al., 1970). Precast gels were placed in a vertical gel tank system
and 500 ml of 1x NUPAGE® MES SDS Running buffer were placed between them
until it overflowed into the surrounding tank. Gels were loaded with 15 pl of
samples alongside a protein standard molecular weight marker (Precision Plus Dual
Colour Protein Standard, BioRad, UK) and run at 150 V for approximately 1 hour, or

until the protein standard indicated good separation, at room temperature.

X4 Protein blotting

After SDS-electrophoresis, PVDF membranes were activated in methanol
and gels were semi-dry blotted for 30 minutes at 15 V for one gel or 25 V for two
gels. Membranes were washed and blocked in Odyssey blocking buffer (Li-Cor, UK)
for one hour. Primary antibodies were prepared in Odyssey blocking buffer and left
overnight at +4°C on rotary shaker (Table 2.3). Membranes were washed four times
in TBST, 5 minutes per wash. Secondary antibodies were also prepared in Odyssey
blocking buffer and left at room temperature for 1.5 hours (Table 2.4). Membranes
were washed in TBST four times 5 minutes and once in PBS for 5 minutes.

Imaging of infrared tagged antibodies (Li-Cor, UK) was performed on the

Odyssey machine (Li-Cor, UK) and associated imaging software.
2.2.2.3/ Microscopy and Immunofluorescence analysis

<> Incubation with Giardia supernatant

Once seeded on chambered glass coverslips, with an 80% confluence, CaCo-
2 cells were incubated at 37°C with either 1:250 or 1:1,000 dilution of Giardia
assemblages A and B supernatants, DMEM was used as a negative control showing

the standard condition of growth.
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X Immunofluorescence assay

At the end of the incubation period, cells were washed once in PBS and fixed
on glass coverslips using 4% paraformaldehyde (PFA) for 20 min. Then, cells were
permeabilised with 1% NP4O for three minutes; and incubated with 30 to 100 pul of
primary antibody/BSA block for one hour. 0.5% BSA block for AQP3 antibody and
3% BSA block for SGLT-1, ZO-1 and CFTR antibodies respectively. Coverslips were
washed three times in PBS and incubated with 30 to 100 ul of Ig G secondary
antibody for 30 min. To finish, cells were washed three times with PBS and
incubated with 30 to 100 ul of DAPI for three min. After the nuclei staining of the
cells by DAPI, cover slips were hydromounted (Hydromount, National Diagnostics
inc, USA) on microscope slides and left to dry for 24 hours at +4°C. This protocol
was modified from the procedure firstly described by Pinto et al (Pinto et al., 1983).

X/

o Microscopic images analysis

All cell images were obtained on a Zeiss Axioplan 2 microscope at either
x400 or x630 magnification, unless otherwise stated (Table 2.7). Images were
deconvolved using the Axioplan software (version 4.8.2); and analysed using both

Axiovision software (version 4.8.2) and ImagelJ (version 1.45s).

Table 2. 7: Excitation and emission wavelength ranges of filter sets

Filter Set (Zeiss) Excitation Wavelength (nm)  Emission Wavelength (nm)
15 546 590
25 400, 495, 570 460, 530, 625
38 470 525
43 545 605
49 365 445

2.2.3/ Flow cytometry viability analysis

2.2.3.1/ Samples preparation

Giardia samples were prepared as stated above in chapter 2.2.1.1 (Fig 2.2).

2.2.3.2/ Flow cytometry

A flow cytometry assay was performed to estimate the ratio of living/dead

cells within Giardia colonies under different culture conditions (Fig 2.2).
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Due to a high number of trophozoites, 250 pl of samples were diluted in 1
ml of PBS (1:4 dilution); and, according to the manufacturer’s instruction, 10 pg/ml
of propidium iodide (Pl) were added in order to assess trophozoites viability via the
BD Accuri™ C6 flow cytometer (BD Biosciences, Franklin Lakes, New Jersey, USA),
using a blue laser (A= 488 nm) and an optical filter 585/40. Data were analysed

using BD Accuri C-flow software (version 1.0.227.4).
2.2.4/ Proteomic assay

2.2.4.1/ Sample preparation

Giardia supernatant samples were prepared as stated above in chapter
2.2.1.1, using either non-supplemented DMEM containing phenol red (Fig 2.4 A.) or
non-supplemented phenol red- free DMEM (Fig 2.4 B.)

Pellets were stored at - 20°C, and the level of protein within supernatant
samples was assessed as described in chapter 2.2.1. Once determined the level of
protein within supernatant samples, proteins were concentrated using Vivaspin
columns with a 3000 Molecular Weight cut-off (MWCQ). Samples were centrifuged
at 12,000 rcf (Relative Centrifugal Force) for 30 minutes; pellets were then
collected. Proteins were washed in 1 ml 25 mM Ammonium biocarbonate (Ambic)
at 12,000 rcf for 30 minutes, this step was repeated either once for phenol red-free
samples or twice for samples containing phenol red. Proteins were then incubated
at room temperature in 50 ul of 25 mM Ambic for one hour, and centrifuged at
3,000 rcf for 2 minutes (Fig 2.5).

The level of protein in concentrated samples was assessed by BCA assay and
SDS-PAGE electrophoresis were run to verify that proteins did not degrade during
the concentration assay.

Samples were then sent to the Institute of Infection and Global Health, at
the University of Liverpool, for proteomic analysis. In order to run a mass
spectrometry analysis, pellet samples were first dispensed into low protein-binding
microcentrifuge tubes and made up to 160 ul by addition of 25 mM Ambic. Proteins
from the pellet samples were denatured using 10 pl of 1% (w/v) RapiGest ™ in 25

mM Ambic; followed by three freeze-thaw cycles and two cycles of 10 min
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Figure 2.4: Preparation of Giardia supernatant and pellet samples for proteomic assay.
Parasites were chilled for 20 minutes, transferred into 15 ml falcon tubes and centrifuged
at 3,000 rpm for 10 minutes. Supernatants were discarded and pellets were washed three
times in warmed 1xPBS (4 ml, 2 ml and 1 ml respectively). Pellets were then incubated for
45 minutes at 37°C either in A. non-supplemented DMEM containing phenol red or B. non-
supplemented phenol red-free DMEM. After 45 minutes incubation, parasites were chilled
for 5 minutes, transferred in 15 ml falcon tubes and centrifuged at 3,000 rpm for 10
minutes. Pellets were stored at -20°C. Proteins present in supernatant samples were
concentrated priorto perform Proteomicassay.
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Figure 2.5: Protocol to concentrate proteins contained in Giardia supernatant samples
prior to Proteomic assay. Supernatants were transferred in Vivaspin columns with a 3,000
MWCO and centrifuged at 12,000 rcf for 30 min. Proteins were washed up to 3 times with
25 mM Ambic (depending on presence of phenol red within DMEM) and centrifuged at
12,000 rcf for 30 min. Then, 50 pl of 25 mM Ambic were added and samples were left at
room temperature forone hour; final spin at 3,000 rcf for 2 minto recover proteins. BCA.
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sonication in a water bath. Samples were then incubated at 80°C for 10 min and
reduced with 3 mM dithiothreitol at 60 °C for another 10 min. Next, samples were
alkylated with 9 mM iodoacetamide at room temperature for 30 min in the dark.
Proteomic grade trypsin was added a 50:1 protein:trypsin ratio, samples were
incubated at 37°C overnight.

In parallel, to maximise protein separation, protein samples were also
solubilised and resolved on NuPAGE® Novex®_ 4-12 % Bis-Tris Gels following

manufacturer’s instruction. Four gel slices were excised and each digested with

trypsin.
2.2.4.2/ Proteomic analysis

X8 Mass Spectrometry

A nano-LC MS ESI (ElectronSpray lonisation) MS/MS analysis was performed.
Peptide mixtures from both in solution digestion and 1D-SDS PAGE were analysed
by on-line nanoflow liquid chromatography (LC) using the nanoACQUITY- nLC
system coupled to a linear ion trap quadrupole mass filter (LTQ)-Orbitrap Velomass
spectrometer equipped with the manufacturer’'s nanospray ion source. The
analytical column (nanoACQUITY UPLC™ BEH130 C18 15 cm x 75 um, 1.7 pm
capillary column) was maintained at 35 °C and a flow-rate of 30 nl/min. The
gradient consisted of 3-40 % acetonitrile in 0.1 % formic acid for 90 min then a
ramp of 40-85% acetonitrile in 0.1 % formic acid for 3 min. Full scan MS spectra
(mass to ion charge ratio, m/z, range 300-2000) were acquired by the Orbitrap at a
resolution of 30,000. Analysis was performed in data dependant mode, the top 20
most intense ions from MS1 scan (full MS) were selected for tandem MS by collision
induced dissociation (CID) and all product spectra were acquired in the LTQ ion
trap. lon trap and Orbitrap maximal injection times were set to 50 milliseconds (ms)
and 500 ms respectively. assay and SDS-PAGE were performed to assess protein
level and protein degradation prior to proteomic assay. This protocol was modified

from the procedure described by Jackson et al (Jackson et al., 2014).
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X Data analysis

Thermo RAW files were imported into Progenesis LC-MS (version 4.1,
Nonlinear Dynamics, UK); runs were aligned using default settings and an auto
selected runs as reference. Peaks were picked by the software and filtered to
include only peaks with a charge state of between +2 and +6. Peptides intensities
were normalised against the reference run by Progenesis LC-MS; these intensities
were used to highlight differences in protein expression between control and
treated samples with supporting statistical analysis (ANOVA and g-values)
calculated by Progenesis LC-MS software, Spectral data were transformed to mgf
files with Progenesis LC-MS software and exported for peptide identification using
Mascot (version 2.3.02, Matrix Science) search engine.

Tandem MS data were searched against the sequence database. Search
parameters were as followed: precursor mass tolerance set to 10 parts-per-million
(ppm) and fragment mass tolerance set to 0.5 dalton (Da). One missed tryptic
cleavage was permitted; carbamidomethylation (cysteine) was set as a fixed
modification and oxidation (methionine) was set as variable modification. Mascot
search results were further processed using the machine learning algorithm
Percolator. The false discovery rate (FDR) was inferior to 1% (< 1%) and individual
ion scores were superior to 13 (>13) indicated identity or extensive homology (p <
0.05). Results were imported to Progenesis LC-MS as .xml file. At least two unique
peptides were required for reporting proteins that were differentially expressed.
Results from in solution digestion and gel slices of 1D-SDS PAGE were grouped using
“Combine analysed fractions” function in Progenesis LC-MS where statistical
analyses were updated. Peptide sequences and their normalised abundances were
associated with matching proteins using GiardiaDB online database

(www.Giardiadb.org).

Once all the proteins present in the pellet and supernatant samples were
identified, pellet and supernatant data were merged to establish which proteins
were found in both pellet and supernatant samples, and which proteins were only
found in either pellet samples or supernatant samples. This was performed for all

datasets obtained both Giardia GS and WB isolates. Then, for proteins found in
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both pellet and supernatant samples, a supernatant : pellet ratio was calculated to
determine which proteins were more likely to be more present within supernatant
than pellet. The top 50 of “ratioed” proteins was combined with the proteins only
identified in the supernatant samples. Proteins were ranked according to their
abundance in the supernatant; this was performed for the four datasets (GS
Orbitrap and QeXactive, and WB Orbitrap and QeXactive). For all datasets, proteins
were matched to their Giardia assemblage A (WB or A2 isolate) or B (GS isolate)
orthologs using GiardiaDB online database. The different localisations of the
proteins identified and their gene ontology (GO) functions were established via the

Uniprot online database (http://www.uniprot.org) and GiardiaDB online database

(http://www.giardiadb.org). Secretion profiles from the four datasets were then

compared to determine similarities. Proteins of interest were aligned and
compared using ClustalW and phylogenetic trees were built via maximum likelihood

approach using MEGA software (version 6.06).

2.2.5/ Statistical analysis

Error bars on all graphs presented in this work represent the standard error
mean (SEM). The normal distribution and homogeneity of variance of all data were
assessed using the Kolmogarov-Smirnoff test and the Levene test respectively. For
parametric data, an independent t test, a paired t test, or a one way ANOVA was
performed. For non-parametric data, the Mann-Whitney U test, or the Kruskal-

Wallis test was carried out. P-values of less than 0.05 were considered significant.
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Chapter III

Effect of Giardia supernatant on
intestinal epithelial cells and

their water transporters.
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3.1/ Introduction

The in vitro study of transport through the intestine is difficult to realise,
due to the complex topology and the diverse cellular heterogeneity that this organ
exhibits. Moreover, access to the serosal side of the epithelium is impaired by the
presence of subjacent tissues which complicates study of interactions on the
basolateral side. A solution to this problem is to use cultured human colon
carcinoma cell lines as a model for human colonic tissue epithelia. In 1988, Chantret
and collaborator compared 20 different human colonic carcinoma cell lines in order
to determine which cell line can spontaneously develop the greatest degree of
similarity to normal human intestinal cells. Characteristics such as cell polarity,
expression of villin, and ability to undergo enterocytic differentiation under
standard culture conditions were assessed (Chantret et al., 1988). The only human
colonic carcinoma cell line that exhibited these features at the same time was the
human colonic adenocarcinoma derived epithelial cell line-2 (CaCo-2). Indeed,
CaCo-2 spontaneously acquired the following enterocytic differentiation
characteristics: (i) organization of the cells into a polarized monolayer; (ii) presence
of an apical brush border; and (iii) presence of brush border-associated hydrolases
such as sucrase-isomaltase, lactase, or alkaline phosphatase (Chantret et al., 1988).
Another study showed that CaCo-2 cells possessed similar electrochemical
properties to enterocytes. A measurable TEER and a positive Isc which reflect ion
transport across the cell membrane were evaluated (Grasset et al., 1984). In 2005,
Roxstrom-Lindquist et al showed that the CaCo-2 cell line were a suitable model for
the in vitro study of Giardia effects on intestinal cells (Roxstrom-Lindquist et al.,
2005).

As stated in chapter | (section 1.3.2.1), giardiasis symptoms are watery
diarrhoea, abdominal cramps, vomiting, malabsorption and weight loss (Cotton et
al., 2011, Abel et al., 2001, Robertson et al., 2010, Flanagan, 1992, Wolfe, 1992,
Beaumont and James, 1986). According to several studies, diarrhoea may be caused
by disruption of the intestinal epithelial barrier (Yu et al., 2008, Troeger et al., 2007,
Scott et al., 2002, Chin et al., 2002), increase of apoptosis (Cotton et al., 2011,

Troeger et al., 2007, Roxstrom-Lindquist et al., 2005, Chin et al., 2002), and diffuse
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shortening of the brush border microvilli leading to malabsorption and anion
hypersecretion (Baldi et al., 2009, Troeger et al., 2007, Buret, 2007, Scott et al.,
2004, Faubert, 2000, Scott et al., 2000, Cevallos et al., 1995) (Chapter |, Fig 1.14).
However, whether or not these effects are due to the trophozoites or any
molecules secreted by Giardia remains unclear as these studies were performed
either on patients biopsies (obtained at the site of infection), or in vitro, on
intestinal cells incubated with Giardia trophozoites. A previous study undertaken in
our laboratory showed that prolonged exposure to Giardia supernatant reduces
chloride efflux of CaCo-2 cells and inhibits intestinal cell Isc (data unpublished)
(Chapter 1, Fig 1.17-19). This loss of efflux may create a loss in water within
intestinal cells leading to a reduction of cell size; suggesting a dysregulation of
intestinal water transporters. Indeed, during electrophysiological analysis, cells
appeared to be shrunken which led us to look for a surrogate microscopic assay to
investigate the effect of Giardia supernatant on intestinal cell morphology and
water transporter expression.

The aims of the studies described in this chapter were:

(i) to investigate the effects of Giardia supernatant on intestinal cell
morphology.

(ii) to investigate the effects of Giardia supernatant on the main
intestinal water transporters: aquaporin 3 (AQP3) (Fig 3.1), sodium-
glucose co-transporter (SGLT-1) (Fig 3.2), and cystic fibrosis
conductance regulator (CFTR) (Fig 3.3) .

(iii)  to determine the chronology of any effects observed.

This was undertaken by incubating CaCo-2 cells with different dilution of
Giardia WB (assemblage A) and GS (assemblage B) strains supernatants for 1, 8 and
24 hours. After incubation, either immunofluorescence assay followed by
microscopic analysis (IFA) or western blot assay were performed on the intestinal

cells.
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Fig 3. 1: Schematic representation of AQP3 structure. AQP3 is present on the apical side of
colonic cells; it transports water and small molecules from the lumen of the intestine to the
cell cytoplasm via osmosis. AQP3 is composed of a single chain of approximately 270 AAs

and spansthe membrane 6 times.

Glucose-bindingand
-translocation domain

Cytoplasm

@ SGLT motif

@ SFF Signature (Solute Symporter Family)
O Extracellularglucose binding
Intracellularglucose binding

O Common amino-acids of the SSF

Fig 3. 2: Schematic representation of SGLT-1. SGLT-1 is the main apical co-transporter for
active glucose uptake; it is also involved in the water and small molecules (such as Na?*)
uptake via osmosis and co transport. SGLT-1 is composed of 14 transmembrane o-helical
domains (664 AAs). The glucose-binding and —translocation domain (C5) is located at the
COOH-terminal end of the protein.

Membrane

Cytoplasm

NBF: Nucleotide Binding fold
R domain: larger domain with multiple sites for phosphorylation

Fig 3. 3: Schematic representation of CFTR. CFTR is a membrane channel that actively
transports ions. It contains 1480 AAs. CFTR has several distinct regions, the majority of
which span the cell membrane. On the inside of the cell, connected to the membrane
spanning domains, are two tightly folded regions that bind nucleotides (NBF). A larger ‘R’
domain is located between the NBFs; itis a region with multiple sites for phosphorylation.
The R domainandthe NBFs regulate chloride conductance through the channel.
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3.2/ Effect on intestinal cell morphology

3.2.1/ Pilot study to determine potential CaCo-2 shrinkage
after 24 hours incubation with Giardia supernatant

To investigate the effect of both Giardia WB and GS strains supernatants on
intestinal cell morphology, CaCo-2 cells monolayers grown on coverslips were
incubated for a further 24 hours in the presence or absence of Giardia culture
medium diluted to 1:250 and 1:5,000 (as stated in chapter Il, section 2.2.1.1, Fig 2.2
A.), and compared with controls. After 24 hours, coverslips were fixed with 4 % PFA,
and cells were visualized by differential interference contrast (DIC) microscopy
using Axiovision (v 4.7.1). Cell length was defined as greatest length between each
cell margins, and width as the distance between cell margins at 90° to the length
(Fig 3.4 A.). A hundred cells were measured and statistically compared to the
controls.

Results showed that significant differences were observed between controls
and treated groups. In the case of cells treated with WB supernatant higher
concentration, the reduction in size compared to DMEM only was superior to 40 %,
for other groups the reductions was more modest but nevertheless significant (Fig
3.4 B.). It was noted however that the TYI-S-33 media itself might have a minor
effect on intestinal cells.

These results suggest that even at fairly high dilution, Giardia supernatants
obtained directly from culture induce cell shrinkage. The inhibition of intestinal
chloride secretion previously observed and these results strongly suggest that the
intestinal water uptake may be disrupted by Giardia supernatant leading to a
reduction in size of intestinal cells. However, due to the effect that Giardia growth
medium may have on intestinal cells, the changes in intestinal cell morphology
could not be accurately assessed. Further experiments aim to remove TYI-S-33 from
supernatants and improve the visualization of cell margins through the use of
markers of cell periphery such as tight junction (TJ) proteins. TJs seal the

paracellular space between epithelial cells and maintain the distinct composition of
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Fig 3. 4: Giardia supernatant induces shrinkage of Caco-2 cells after 24 hours incubation.
CaCo-2 cells were incubated with either Giardia GS or WB supernatant at 1:250 and 1:5,000
dilutions, incubation in both DMEM and TYI-S-33 (1:1,000 dilution) was used as control.
After 24 hrs, cells were fixed with 4% PFA and analysed on microscope using DIC light. Cells
length and width were measured blindly using the Axiovision software (v 4.7.1). A. DIC
microscopy showed a decrease of CaCo-2 cells length and width when cells were incubated
with Giardia supematant. Scale bar= 20 um. B. Caco-2 cells length and width means
showed a significant shrinkage of the intestinal cells when compared to the control: DMEM.
Giardia milieu of culture, TYI-S-33, appeared to also have some effects on the cells
morphology when compared to Giardia supernatant.

Values were expressed compared to the control, DMEM (*) and to TYI-S-33 ( —*— ).
Results were assessed by paired t-test and expressed as mean values + SEM. * p-value <
0.05 and ** p-value <0.01 (Appendix Il). Datarepresents one independent experiment.
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adjacent tissue compartments, they are composed of 8 different proteins forming a
complex: occluding, claudin-1, e-cadherin, junctional adhesion molecule-1 (JAM-1),
catenin, actin and zonula occludens-1 and 2 (ZO-1 and Z0-2) (Anderson and Van
Itallie, 1995) (Fig 3.5). Immunostaining one of the proteins composing the TJs may
allow a more accurate measurement of intestinal cell surface area and perimeter as
these proteins are present on the whole cell circumference. ZO-1 was shown to be
a good indicator of epithelial cells morphology and was used in this study (Umeda

et al., 2004).

3.2.2/ Giardia-derived supernatant compounds induce
shrinkage of intestinal cells after 8 hours.

To investigate the effect of soluble factors from healthy Giardia
trophozoites on intestinal cells, an improved supernatant compound preparation
was undertaken by harvesting trophozoites from confluent culture, washing and
resuspending in non-supplemented DMEM for 45 minutes at 37°C (as stated in
Chapter Il, section 2.2.1.1, Fig 2.2 B.). At this incubation length, all Giardia remain
viable as shown via cell viability flow cytometry assay (Chapter IV, section 4.2.2, Fig
4.3). CaCo-2 monolayers were prepared as in the previous experiment and were
incubated with the diluted supernatants diluted at 1:250 and 1:1,000 and with
control media. Three time points for incubation were assessed: 1 hour, 8 hours and
24 hours for each dilution and for each Giardia strain. Following incubation, cells on
coverslips were fixed and stained for ZO-1 to establish the intestinal cell perimeter.
Image J software (v 1.45s) was utilized for measurement and samples were blinded
during measurements of surface area and perimeter (Fig 3.6 A, 3.7 A, 3.8 A.).
Apoptotic and mitotic cells were excluded from the analysis to have only non-
dividing living cells. Between 400 and 800 cells were measured and statistically
compared to the control.

Results showed no significant differences between control and treated
group for both surface area and perimeter after one hour incubation (Fig 3.6). After
8 hours incubation, results showed significant differences between control and

treated groups (Fig 3.7). GS supernatant higher concentration appeared to have a
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more pronounced effect with a reduction in size superior to 15 % compared to the
control. GS and WB supernatants lower concentration appeared to have a similar
effect with a reduction in size of approximately 12 %. In the case of intestinal cells
treated with WB supernatant higher concentration, the effect was less pronounced
than for the other groups, a reduction in size inferior to 10 % was observed; yet this
difference in size was statistically significant. After 24 hours incubation, results
showed significant differences between control and treated group (Fig 3.8), but the
effect appeared to be less pronounced than after 8 hours treatment with Giardia
supernatant. As above, WB supernatant at higher concentration appeared to have a
more pronounced effect than other groups, with a reduction in size of 10 %. Other
groups had a lesser effect, but still statistically significant, on intestinal cell
morphology, with a reduction in size ranging between 5 % and 7 %.

These results suggest that Giardia-derived supernatant compounds induce
shrinkage of intestinal cells after 8 hours incubation. This reduction in size was still
occurring after 24 hours, even if less pronounced than after 8 hours incubation,
suggesting that this effect may be a long lasting event. As previously suggested, this
change in intestinal cell morphology may be due to a disruption in the cellular
water uptake; the loss of water may lead to a reduction in size. However, the effect
observed in this study was lesser than the one observed during the pilot study,
suggesting that Giardia growth medium was increasing the observed intestinal cell

size reduction.

3.2.3/ Giardia-derived supernatant compounds can induce
ruffling of CaCo-2 cell margins.

Apart from the size reduction observed while investigating Giardia
supernatant effect on intestinal cell morphology (as stated in section 3.2.1.2), cells
also appeared to be more wrinkled compared to control. This wrinkling effect is
similar to the effect observed in host cells during bacterial infection and called
ruffling effect. This ruffling effect was described as a disruption of host cell
membrane and cytoskeleton due to the attachment of bacteria or bacterial

secreted factors (Guichard et al., 2013). To obtain an index of this ruffling effect,
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Fig 3. 6: Giardia supernatant does not induce any changes in CaCo-2 cells morphology
after 1 hour incubation. Caco-2 cells were incubated with either GS or WB strain
supernatant, at 1:250 and 1:1,000 dilutions. DMEM was used as a control. After 1 hr, cells
were fixed with 4%PFA and stained with anti-ZO-1 antibody to detect changes in the cells
morphology; the nuclei were stained with DAPI (blue). ZO-1 was visualised using secondary
antibodies conjugated with Alexa fluor 488 (green). A. Surface area and perimeter of CaCo-
2 cells were measured blindly using Image J software (v. 1.45s) after obtaining images via
Axiovision (v 4.8.2), x40 magnification, scale bar = 50 um. B. Variation in CaCo-2 cells
surface area compared to the control: DMEM. C. Variation in CaCo-2 cells perimeter
compared to the control: DMEM. For both surface area and perimeter, results were
assessed by non-parametric paired t-tests and expressed as mean values + SEM, * p-value <
0.05 and ** p-value <0.001 (Appendix Il A.). Data represents three independent
experiments with biological replicates.
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Fig 3. 7: Giardia supernatant induces a decrease in CaCo-2 cell size after 8 hours
incubation. Caco-2 cells were incubated with either GS or WB strain supernatant, at 1:250
and 1:1,000 dilutions. DMEM was used as a control. After 8 hrs, cells were fixed with
4%PFA and stained with anti-ZO-1 antibody to detect changes in the cells morphology; the
nuclei were stained with DAPI (blue). ZO-1 was visualised using secondary antibodies
conjugated with Alexa fluor 488 (green). A. Surface area and perimeter of CaCo-2 cells were
measured blindly using Image J software (v. 1.45s) after obtaining images via Axiovision (v
4.8.2), x40 magnification, scale bar = 50 um. B. Variation in CaCo-2 cells surface area
compared to the control: DMEM. C. Variation in CaCo-2 cells perimeter compared to the
control: DMEM. For both surface area and perimeter, results were assessed by non-
parametric paired t-tests and expressed as mean values + SEM, * p-value < 0.05 and ** p-
value <0.001 (Appendix Il B.). Data represents three independent experiments with
biological replicates.
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Fig 3. 8: Giardia supernatant induces a decrease in CaCo-2 size after 24 hours incubation.
Caco-2 cells were incubated with either GS or WB strain supernatant, at 1:250 and 1:1,000
dilutions. DMEM was used as a control. After 24 hrs, cells were fixed with 4%PFA and
stained with anti-ZO-1 antibody to detect changes in the cells morphology; the nuclei were
stained with DAPI (blue). ZO-1 was visualised using secondary antibodies conjugated with
Alexa fluor 488 (green). A. Surface area and perimeter of CaCo-2 cells were measured
blindly using Image J software (v. 1.45s) after obtaining images via Axiovision (v 4.8.2), x40
magnification, scale bar = 50 um. B. Variation in CaCo-2 cells surface area compared to the
control: DMEM. C. Variation in CaCo-2 cells perimeter compared to the control: DMEM. For
both surface area and perimeter, results were assessed by non-parametric paired t-tests
and expressed as mean values + SEM, * p-value < 0.05 and ** p-value <0.001 (Appendix Il
C.). Data representsthree independent experiments with biological replicates.
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Perimeter

the following formula: was used to measure the intestinal cell ruffle

V(surface area)
(Fig 3.9). Perimeter and surface area are measured in pm and in pm? respectively,
an index is not define by a measurement unit; therefore, to obtain the ruffling index
in this case perimeter was divided by the square root of the surface area, this was
done for each treatment group and each time point (Fig 3.9).

Results showed no significant ruffling effect after one hour incubation, yet,
there were some significant differences in ruffling between groups treated with WB
higher concentration and lower concentration (Fig 3.9 A.). After 8 hours, significant
differences in ruffling between control groups and groups only treated with WB
supernatant higher concentration were observed. Even if WB supernatant lower
concentration did not induce a significant ruffling of intestinal cells, some significant
differences were observed between the two WB dilutions (Fig 3.9 B.). After 24
hours, only cells treated with WB supernatant lower concentration showed
significant differences in ruffling than the control group. In this case too, there were
significant differences between groups treated with WB supernatant higher and
lower dilutions (Fig 3.9 C.).

These results show that only WB-derived supernatant compounds induce a
significant ruffling of Caco-2 cells after 8 hours and 24 hours. The previous study on
the effect of Giardia-derived supernatant effect on intestinal cell morphology
showed that GS-derived supernatant had a more pronounced effect than WB
supernatant on intestinal cell size. These results and the fact that WB supernatant
has a significant ruffling effect on intestinal cells suggest that WB supernatant may
cause more mucosal damages than GS-derived supernatant. These results also
showed significant differences between groups treated with WB higher and lower
concentrations at both 8 hours and 24 hours; which suggests that there may be a

dose-effect response in this case.
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Fig 3. 9: Giardia WB supernatant induces some ruffling of Caco-2 cells after 8 and 24
hours incubation. Caco-2 cells were incubated with either GS or WB strain supernatant, at
1:250 and 1:1,000 dilutions for 1, 8 and 24 hours. DMEM was used as a control. After
incubation, cells were fixed with 4%PFA and stained with anti-ZO-1 antibody to detect
changes in the cells morphology; the nudei were stained with DAPI obtained via Axiovision
(v 4.8.2 and the ruffling index was calculated after measuring the surface area and
perimeter of intestinal cells using image J. A. Ruffling effect after 1 hour incubation. B.
Ruffling effect after 8 hours incubation. C. Ruffling effect after 24 hours. Indexes were
compared to the control: DMEM (**), and between different concentration for each strain

(—=—). Results were assessed via a panel data approach on Stata software (v 13.1) and
expressed as mean values + SEM, * p-value < 0.05 and ** p-value <0.001 (Appendix V).
Data representsthree independent experiments with biological replicates.
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3.3/ Effect on intestinal cells water and ion

transporters

As previously stated (Chapter |, section 1.5.1.2.), intestinal water uptake
occurs by osmosis, co-transport and co-transport + osmosis (Zeuthen, 2010). AQP3
and SGLT-1 are two of the main water transporters present in intestinal cells (Fig
3.1, 3.2). The preceding study on intestinal morphology showed that intestinal
water efflux was disrupted by Giardia supernatant after 8 hours. This suggests that
one or several intestinal water transporters may interact with Giardia supernatant.
Another study showed that after 24 hours exposure to Giardia supernatant,
intestinal chloride secretion was inhibited suggesting that Giardia supernatant may
have an effect on one of the intestinal chloride channels such as CFTR (Fig 3.3) (Al-
Naimi et al, unpublished, Chapter |, section 1.5.4.). In this study, the effect of
Giardia supernatant on the expression and translocation of AQP3, SGLT-1and CFTR

was investigated throughout time course IF microscopy and western blot assays.

3.3.1/ Pilot experiment to evaluate translocation of intestinal

AQP3 after incubation with Giardia supernatant

To investigate the effect of Giardia assemblage A (WB strain) and B (GS
strain) supernatants on AQP3. Caco-2 cell monolayers grown on coverslips were
incubated for 1lhour, 8 hours, and 24 hours in presence or absence of Giardia
culture medium diluted to 1:250, 1:500, 1:1,000 and 1:5,000 in non-supplemented
DMEM (as stated in Chapter Il, section 2.2.1.1., Fig 2.2 A), and compared with
controls. Following incubations, coverslips were fixed with 4 % PFA, stained for
AQP3 and AQP3 distribution throughout cells was visualized via Axiovision software
(v 4.8.2). AQP3 was shown to be the main AQP protein present on the apical side of
colonic cells such as CaCo-2 cell line (Matsuzaki et al., 2004) (Fig 3.1); CaCo-2 cells
were used in this study, AQP3 was therefore chosen to realize the assay.

Results showed that a diffuse staining was observed under all conditions, at
the early time point (Fig 3.10 1hr). After 8 hours, AQP3 proteins appeared to

localise towards the periphery of the intestinal cells, particularly at higher
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concentrations (1:250 and 1:500) for both Giardia isolates (Fig 3.10 8 hrs). A similar
peripheral protein distribution was observed after 24 hours (Fig 3.10 24 hrs). It was
also noted that TYI-S-33 and non-supplemented DMEM media induce the
translocation of AQP3 proteins after 8 hours (Fig 3.10 Aand D).

These results suggest that Giardia supernatants obtained directly from
culture may induce the translocation of intestinal AQP3 protein after 8 hours
incubation. The inhibition of chloride secretion and the changes in intestinal cell
morphology previously observed suggested that the intestinal water uptake may be
disrupted by Giardia supernatant. This study strongly supports this hypothesis and
also suggests that AQP3 may be the intestinal water channel involved in this
disruption. However, due to the effect that both growth media may have on AQP3,
the changes in AQP3 translocation could not be accurately assessed. In addition,
some CaCo-2 cells were clearly not in a confluent monolayer during the experiment
which may have affected the reaction between Giardia supernatant and the
intestinal cells (Fig 3.12 B and C). Further experiments aim to remove TYI-S-33 from
Giardia supernatant. Moreover, to avoid any starvation of the CaCo-2 cells,
supplemented DMEM was used instead of non-supplemented DMEM for the
different incubation periods and intestinal cell monolayers were grown to reach

confluence.

3.3.2/ Giardia supernatant induces the translocation of AQP3
protein

To investigate the effect of soluble factors from healthy Giardia
trophozoites on intestinal AQP3 protein, an improved supernatant compound
preparation was undertaken by harvesting trophozoites from confluent culture,
washing and resuspending in non-supplemented DMEM for 45 minutes at 37°C (as
stated in Chapter Il, section 2.2.1.1, Fig 2.2 B.). CaCo-2 monolayers were prepared
as in the previous experiment and were incubated with the supernatants diluted to
1:250 and 1:1,000 and with control media for 1 hour, 8 hours and 24 hours.
Following incubation, cells on coverslips were fixed and stained for AQP3.
Axiovision software (v 4.8.2) was utilized to observe AQP3 translocation (Fig 3.11 A.,

3.12 A, 3.13 A)). In addition, CaCo-2 monolayers grown on 12-well plates were
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1hr 8 hrs 24 hrs

Fig 3. 10: Giardia supernatant induces the translocation of intestinal AQP3 after 8 hrs
incubation. Caco-2 cells were incubated with different dilutions of Giardia GS and WB
supernatants for 1, 8 and 24 hrs. Supernatants were collected form Giardia culture and
diluted at 1:250, 1:500, 1:1,000 and 1:5,000 in non-supplemented DMEM. CaCo-2 cells
were fixed with 4% PFA and stained with anti-AQP3 antibody to detect changes in the
protein location in intestinal cells. AQP3 was visualised using secondary antibodies
conjugated with Alexa fluor 488 (green). A. CaCo-2 cells were incubated with non-
supplemented DMEM as a control. B. Incubation with Giardia GS isolate supernatant. C.
Incubation with Giardia WB isolate supernatant. D. Incubation with TYI-S-33 at 1:1,000
dilution. Images were obtained using Axiovision software (v 4.7.1), x100 magnitude. Scale
bar = 20 um. Data represents one independent experiment.
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incubated in presence or absence of supernatants diluted to 1:250, 1:500, 1:1,000
and 1:5,000 for 1 hour, 8 hours and 24 hours. Following incubation, proteins were
extracted and blotted for AQP3. Odyssey machine (Li-Cor, UK) with associated
software was utilized to assess AQP3 protein expression (Fig 3.11 B.,3.12 B,, 3.13.).
Results showed a small but significant decrease in AQP3 expression in treated
groups after one hour incubation (Fig 3.11 B.). No significant changes in AQP3
expression were observed after 8 hours incubation (Fig 3.12 B.). Results also
showed a slight but significant increase in AQP3 expression for groups treated with
WB supernatant diluted to 1:500 and 1:5,000 after 24 hours incubation (Fig 3.13 B.).
Microscopic analysis results showed differences in AQP3 distribution throughout
intestinal cells between control and groups treated with GS supernatant, after one
hour incubation; particularly for groups treated with supernatant higher
concentration (Fig 3.11 A.). A similar peripheral distribution was observed after 8
hours incubation with WB supernatant; AQP3 proteins appeared to be more
peripheral in groups treated with GS supernatant (Fig 3.12 A.). Results showed a
greater peripheral distribution of AQP3 for groups treated with WB supernatant
than for the groups treated with GS supernatant, after 24 hours (Fig 3.13 A.). It was
also noted that AQP3 distribution was slightly more peripheral in control groups
after 24 hours (Fig 3.13 A.).

These results suggest that Giardia—derived supernatant may have a weak
marginal effect on AQP3 expression. However, a high level of variation in AQP3
expression between biological replicates was observed which suggests that
Giardia—derived supernatant may not have any effect on AQP3 expression. The
microscopic analysis results suggest that Giardia—derived supernatant induces the
translocation of AQP3 protein, even shortly after inoculation. The fact that AQP3
are more translocated when intestinal cells are in contact with Giardia supernatant
suggests that AQP3 may be involved in the water efflux disruption which may cause
the changes in intestinal cell morphology and the inhibition of chloride secretion
previously observed. Yet, the quantification of protein translocation observed in
this study could not be assessed via simple immunofluorescence microscopy and

has to be investigated.
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Fig 3. 11: Giardia GS isolate (assemblage B) supernatant induces the translocation of
intestinal AQP3 after 1 hr incubation. A. CaCo-2 cells were incubated with Giardia GS and
WB strains supernatants at 1:250 and 1:1,000 for 1 hr. After incubation, CaCo-2 cells were
fixed with 4%PFA and stained with anti-AQP3 antibody; the nuclei were stained with DAPI
(blue). AQP3 was visualised using secondary antibodies conjugated with Alexa fluor 488
(green). Images were obtained using Axiovision (v 4.8.2), x100 magnitude. Scale bar=20um.
B. CaCo-2 cells were incubated with Giardia GS and WB strains supematant at 1:250, 1:500,
1:100 and 1:5,000 for 1 hr. After incubation, proteins were extracted using M-PER, as
stated in Chapter Il (section 2.2.2.1). 1: Control incubated with DMEM. AQP3 expression
was assessed by western blot analysis and normalised to B-actin using the ODYSSEY
software. Results were assessed by non-parametric Mann-Whitney-U tests (compared to
control) and expressed as mean values £ SEM, * p-value < 0.05 and ** p-value <0.001
(Appendix V). Datarepresents three independent experiments with biological replicates.
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Fig 3. 12: Giardia WB and GS isolates (assemblage A and B) supernatants induce the
translocation of AQP3 after 8 hrs incubation. A. CaCo-2 cells were incubated with Giardia
GS and WB strains supernatants at 1:250 and 1:1,000 for 8 hrs. After incubation, CaCo-2
cells were fixed with 4%PFA and stained with anti-AQP3 antibody; the nuclei were stained
with DAPI (blue). AQP3 was visualised using secondary antibodies conjugated with Alexa
fluor 488 (green). Images were obtained using Axiovision (v 4.8.2), x100 magnitude. Scale
bar= 20um. B. CaCo-2 cells were incubated with Giardia GS and WB strains supernatant at
1:250, 1:500, 1:100 and 1:5,000 for 8 hrs. After incubation, proteins were extracted using
M-PER, as stated in Chapter Il (section 2.2.2.1). 1: Control incubated with DMEM. AQP3
expression was assessed by western blot analysis and normalised to B-actin using the
ODYSSEY software. Results were assessed by non-parametric Mann-Whitney-U tests
(compared to control) and expressed as mean values + SEM, * p-value < 0.05 and ** p-
value <0.001 (Appendix V). Data represents three independent experiments with biological
replicates. The duplicate bands represent either the AQP3 below F-actin or F-actin above
AQP3. Due to their similar MW, it was challenging to crop images to only see the targeted
bands.
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Fig 3. 13: Giardia WB and GS isolates (assemblage A and B) supernatants induce the
translocation of AQP3 after 24 hrs incubation. A. CaCo-2 cells were incubated with Giardia
GS and WB strains supernatants at 1:250 and 1:1,000 for 24 hrs. After incubation, CaCo-2
cells were fixed with 4%PFA and stained with anti-AQP3 antibody; the nuclei were stained
with DAPI (blue). AQP3 was visualised using secondary antibodies conjugated with Alexa
fluor 488 (green). Images were obtained using Axiovision (v 4.8.2), x100 magnitude. Scale
bar= 20um. B. CaCo-2 cells were incubated with Giardia GS and WB strains supernatant at
1:250, 1:500, 1:100 and 1:5,000 for 24 hrs. After incubation, proteins were extracted using
M-PER, as stated in Chapter Il (section 2.2.2.1). 1: Control incubated with DMEM. AQP3
expression was assessed by western blot analysis and normalised to B-actin using the
ODYSSEY software. Results were assessed by non-parametric Mann-Whitney-U tests
(compared to control) and expressed as mean values £ SEM, * p-value < 0.05 and ** p-
value <0.001 (Appendix V). Data represents three independent experiments with biological
replicates.
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3.3.3/ Giardia GS supernatant may decrease SGLT-1
expression level

To determine the effect of Giardia supernatant on intestinal SGLT-1,
expression and translocation, CaCo-2 monolayers were grown either on coverslips
or in 12-well plates and incubated with different dilutions of Giardia-derived
supernatant for 1 hour, 8 hours and 24 hours, as previously described in the AQP3
study (section 3.2.2). Intestinal cells were fixed with 4 % PFA and stained for SGLT-1
or proteins were extracted and blotted for SGLT-1.

Results showed a significant decrease of SGLT1 expression only for groups
treated with WB supernatant diluted to 1: 1,1000 and GS supernatant diluted to
1:250 (Fig 3.14 B.). After 8 hours, results showed a significant increase of SGTL1
expression for groups treated with WB supernatant diluted to 1:1,000; and a
significant decrease of SGLT1 expression for groups treated with GS supernatant
diluted to 1:250, 1:500 and 1:1,1000 (Fig 3.15 B.). After 24 hours, results showed a
similar significant increase in SGLT1 expression for groups also treated with WB
supernatant diluted to 1:1,000; and a significant decrease of SGLT1 expression for
groups treated with GS supernatant diluted to 1:250 (Fig 3.16 B.). It was noted that,
after 8 and 24 hours, groups treated with WB supernatant diluted to 1:5,000
showed a SGLT1 expression profile similar to the control group however, the
statistical analysis showed no significant differences between the control and these
treated groups. Results of the microscopic analysis showed that SGLT1 proteins of
treated groups had a distribution similar to control groups, under all conditions and
at all time (Fig 3.14 A., 3.15A,, 3.16 A.).

These results suggest that a high concentration of Giardia GS supernatant
might induce a slight reduction of SGLT-1 expression. However, this reduction of
expression appears to be less than 40 % which indicates that SGLT-1 expression
may not be dramatically affected by Giardia supernatant. Moreover, like for the
AQP3 data previously discussed, the important variation in SGLT-1 expression
between biological replicates suggests that, the whole effect of GS supernatant on
SGLT-1 expression might have not been fully observed and may be stronger than

these data suggest. These results also suggest that WB supernatant lower
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Fig 3. 14: Giardia WB and GS isolates (assemblage A and B) supernatants have no effect
on the translocation and expression of SGLT-1 after 1 hr incubation.. A. CaCo-2 cells were
incubated with Giardia GS and WB strains supernatants at 1:250 and 1:1,000 for 1 hr. After
incubation, CaCo-2 cells were fixed with 4%PFA and stained with anti-SGLT-1 antibody; the
nuclei were stained with DAPI (blue). SGLT-1 was visualised using secondary antibodies
conjugated with Alexa fluor 488 (green). Images were obtained using Axiovision (v 4.8.2),
x100 magnitude. Scale bar= 20um. B. CaCo-2 cells were incubated with Giardia GS and WB
strains supematant at 1:250, 1:500, 1:100 and 1:5,000 for 1 hr. After incubation, proteins
were extracted using M-PER, as stated in Chapter Il (section 2.2.2.1). 1: Control incubated
with DMEM. SGLT-1 expression was assessed by western blot analysis and normalised to B-
actin using the ODYSSEY software. Results were assessed by non-parametric Mann-
Whitney-U tests (compared to control) and expressed as mean values = SEM, * p-value <
0.05 and ** p-value <0.001 (Appendix V). Data represents three independent experiments
with biological replicates.
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Fig 3. 15: Giardia WB and GS isolates (assemblage A and B) supernatants have no effect
on the translocation and expression of SGLT-1 after 8 hrs incubation. A. CaCo-2 cells were
incubated with Giardia GS and WB strains supernatants at 1:250 and 1:1,000 for 8 hrs.
After incubation, CaCo-2 cells were fixed with 4%PFA and stained with anti-SGLT-1
antibody; the nudei were stained with DAPI (blue). SGLT-1 was visualised using secondary
antibodies conjugated with Alexa fluor 488 (green). Images were obtained using Axiovision
(v 4.8.2), x100 magnitude. Scale bar=20um. B. CaCo-2 cells were incubated with Giardia GS
and WB strains supernatant at 1:250, 1:500, 1:100 and 1:5,000 for 8 hrs. After incubation,
proteins were extracted using M-PER, as stated in Chapter Il (section 2.2.2.1). 1: Control
incubated with DMEM. SGLT-1 expression was assessed by western blot analysis and
normalised to B-actin using the ODYSSEY software. For WB/B-actin, the extra represent the
SGLT-1 bands which could not be removed on image due to the obliqgue migration of
proteins. Results were assessed by non-parametric Mann-Whitney-U tests (compared to
control) and expressed as mean values + SEM, * p-value < 0.05 and ** p-value <0.001
(Appendix V). Data represents three independent experiments with biological replicates.
The duplicate bands represent either the SGLT-1 below F-actin or F-actin above SGLT-1.
Due to theirsimilar MW, it was challengingto crop imagesto only see the targeted bands.
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Fig 3. 16: Giardia WB and GS isolates (assemblage A and B) supernatants have no effect
on the translocation and expression of SGLT-1 after 24 hrs incubation. A. CaCo-2 cells
were incubated with Giardia GS and WB strains supernatants at 1:250 and 1:1,000 for 24
hrs. After incubation, CaCo-2 cells were fixed with 4%PFA and stained with anti-SGLT-1
antibody; the nudei were stained with DAPI (blue). SGLT-1 was visualised using secondary
antibodies conjugated with Alexa fluor 488 (green). Images were obtained using Axiovision
(v 4.8.2), x100 magnitude. Scale bar=20um. B. CaCo-2 cells were incubated with Giardia GS
and WB strains supematant at 1:250, 1:500, 1:100 and 1:5,000 for 24 hrs. After incubation,
proteins were extracted using M-PER, as stated in Chapter Il (section 2.2.2.1). 1: Control
incubated with DMEM. SGLT-1 expression was assessed by western blot analysis and
normalised to B-actin using the ODYSSEY software. Results were assessed by non-
parametric Mann-Whitney-U tests (compared to control) and expressed as mean values +
SEM, * p-value < 0.05 and ** p-value <0.001 (Appendix V). Data represents three
independent experiments with biological replicates.
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concentration may increase SGLT1 expression after 8 hours. However, due the
great variation between biological replicates and the inconsistency of results
between the different treated groups, this cannot be confirm nor deny. The
microscopic analysis results suggest that Giardia supernatant does not induce

SGLT1 translocation.

3.3.4/ Giardia supernatant induces CFTR translocation in

intestinal cells in early stages of infection.

To determine the effect of Giardia supernatant on intestinal CFTR
expression and translocation, CaCo-2 monolayers were grown either on coverslips
or in 12-well plates and incubated with different dilutions of Giardia-derived
supernatant for 1 hour, 8 hours and 24 hours, as previously described in the AQP3
and SGLT1 studies (section 3.2.2 and 3.2.3.). Intestinal cells were fixed with 4 % PFA
and stained for CFTR or proteins were extracted and blotted for CFTR (Fig 3.17-
3.19).

Western blots were performed on extracted proteins to quantify CFTR
expression levels under different concentrations of Giardia supernatant at different
times. Proteins were blotted with three different monoclonal mouse anti-CFTR
antibodies from three different companies (AbCam, R&D systems, and Santa-Cruz
Biotechnologies) as stated in chapter Il (Table 2.3). All antibodies were tested at
concentrations ranging from 1:500 to 1:250 and left overnight at 4°C, 0.2 % tween
was added to improve the bond between proteins and antibodies; but no bands
were observed for CFTR. Following these conditions, no bands were ever observed
for CFTR apart from one western blot with AbCam antibody (Appendix VI). The gel
showed either poor quality bands or no bands for CFTR. Due to this negative
blotting on CFTR, the effect of Giardia supernatant on CFTR expression could not be
assessed. Many different concentrations (up to 1:250) were tried but no
reproducible data were obtained (Appendix VI). Even though the western blot assay
was non-reproducible, this was considered not to affect the immunofluorescence
assay; this was shown by the similarities in microscopic images observed after each

experiment.
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Results showed that CFTR distribution was more peripheral in groups
treated with GS supernatant than control group after one hour; particularly groups
treated with higher concentration (Fig 3.17). After 8 hours, a greater peripheral
distribution of CFTR was observed for groups treated with Giardia supernatant (Fig
3.18). After 24 hours, groups treated with GS supernatant appeared to have a
similar CFTR distribution to the control group, and groups treated with WB
supernatant appeared to have a CFTR distribution more peripheral (Fig 3.19).

These results suggest that Giardia supernatant induces the translocation of
CFTR towards the periphery of the intestinal cells. Giardia assemblage B (GS strain)
appears to have an effect on CFTR distribution during the early stage of infection
whereas assemblage A (WB strain) induces an effect sometimes between 1 hour
and 8 hours (Fig 3.17-3.19). This suggests that Giardia assemblage A (WB strain)
effect on intestinal CFTR may last longer than the effect of assemblage B (GS strain).
These results also strongly suggest that CFTR may be the intestinal channel by
which Giardia supernatant inhibits the intestinal chloride secretion. Even if CFTR
translocation was observed in this study, its quantification could not be assessed via

simple immunofluorescence microscopy and has to be investigated.

3.4/ Discussion

3.4.1/ Effect on intestinal cell morphology

Giardia has been shown to disrupt several intestinal cell functions such as
the intestinal barrier, the anion absorption or apoptosis (Cotton et al., 2011,
Troeger et al., 2007, Buret, 2007, Scott et al., 2002). However, no studies have yet
demonstrated the effect of Giardia supernatant on the intestinal cells morphology.
In this study, Giardia supernatant was shown to provoke a change in intestinal cell
morphology and size; cells appeared shrunk and ruffled after exposure to Giardia
supernatant (Fig 3.4, 3.6-3.11). It was previously shown that an inhibition of
chloride secretion lead to a decrease of cell volume (Walters et al., 1992). This
suggests that the changes in intestinal cell morphology after exposure to Giardia
supernatant correlate with the changes in electrophysiology observed in our

laboratory (Chapter |, section 1.5.4., Fig 1.17-1.19).
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CFTR DAPI CFTR + DAPI

Fig 3. 17: Giardia GS isolate (assemblage B) supernatant induces the translocation of
intestinal CFTR after 1 hr incubation. CaCo-2 cells were incubated with Giardia GS and WB
strains supematants at 1:250 and 1:1,000 for 1 hr. After incubation, CaCo-2 cells were fixed
with 4%PFA and stained with anti-CFTR antibody; the nuclei were stained with DAPI (blue).
CFTR was visualised using secondary antibodies conjugated with Alexa fluor 594 (red).
Images were obtained using Axiovision (v 4.8.2), x100 magnitude. Scale bar= 20um. Data
representsthree independent experiments with biological replicates.
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Fig 3. 18: Glardla WB and GS |soIates (assemblage A and B) supernatants induce the
translocation of CFTR after 8 hrs incubation. CaCo-2 cells were incubated with Giardia GS
and WB strains supernatants at 1:250 and 1:1,000 for 8 hrs. After incubation, CaCo-2 cells
were fixed with 4%PFA and stained with anti-CFTR antibody; the nudei were stained with
DAPI (blue). CFTR was visualised using secondary antibodies conjugated with Alexa fluor
594 (red). Images were obtained using Axiovision (v 4.8.2), x100 magnitude. Scale bar=
20um. Data representsthree independent experiments with biological replicates.
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Fig 3. 19: Glardla WB and GS |solates (assemblage A and B) supernatants mduoe the
translocation of CFTR after 24 hrs incubation. CaCo-2 cells were incubated with Giardia GS
and WB strains supernatants at 1:250 and 1:1,000 for 24 hrs. After incubation, CaCo-2 cells
were fixed with 4%PFA and stained with anti-CFTR antibody; the nucdei were stained with
DAPI (blue). CFTR was visualised using secondary antibodies conjugated with Alexa fluor
594 (red). Images were obtained using Axiovision (v 4.8.2), x100 magnitude. Scale bar=
20um. Data represents three independent experiments with biological replicates.
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In this study, intestinal cells were first incubated with Giardia supernatant
from culture for 24 hours. The cells length and width were measured to preliminary
assess the effect of Giardia supernatant on the intestinal cell morphology. This pilot
study showed apparent cell shrinkage when intestinal cells were incubated with
Giardia culture supernatants (Fig 3.4). However, some effects from Giardia growth
media were also observed (Fig 3.4 B.). As a growth media, TYI-S-33 components are
present in supernatant in higher quantity than Giardia secreted component within
culture tubes. This suggests that within diluted Giardia supernatant, more TYI-S-33
components were present than Giardia components. The fact that intestinal cells
incubated with TYI-S-33 diluted at 1:1,000 were similar in size to intestinal cells
under normal condition of growth showed that TYI-S-33 does not affect
dramatically the intestinal cell size. However, intestinal cells under GS 1:5,000
treatment had a significant reduction in size than cells incubated with TYI-S-33
while intestinal cells incubated with GS 1:250 were not which indicates that TYI-S-
33 does have some marginal effects on the intestinal cells morphology (Fig 3.4 B.).

The study was improved by removing the influence of Giardia growth media
and by delineating cell margins (Fig 3.6-3.8). These results show a marginal effect of
Giardia supernatant on cell morphology suggesting that TYI-S-33 contributed
significantly to the initial observations. Nevertheless, small reduction in cell size and
turgidity from 8 hours incubation with Giardia products is observed (Fig 3.6-3.9).
Indeed, Giardia supernatant was shown to have a slight effect on the intestinal cells
morphology and water flux, especially after 8 hours incubation with the parasite
supernatant. Giardia assemblage B (GS strain) appears to have a more important
effect on the intestinal cells surface area and perimeter than assemblage A (WB
strain) which suggests that Giardia assemblage B may have a greater inhibition
effect on the intestinal water uptake (Fig 3.7 and 3.8). However, intestinal cells
appear to be more ruffled when incubated with Giardia assemblage A which
indicates that assemblage A may cause more mucosal damage than assemblage B
(Fig 3.9).

Studies on gerbils and rats showed that the diffuse loss of epithelial brush
border and decrease of water absorption during giardiasis were Giardia strain-

dependent (Benere et al.,, 2012, Cevallos et al.,, 1995). These studies also
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demonstrated that assemblage B had a greater effect on brush-border enzymes
deficiencies; and that these brush-border enzymes deficiencies were caused by a
diffuse loss of epithelial brush-border microvillus surface area rather than alteration
in villus structure (Benere et al., 2012). The fact that CaCo-2 cells surface area and
perimeter were found to be more decreased when intestinal cells were incubated
with Giardia GS supernatant correlates with these previous studies realised on
gerbils and rats. Benere et al also suggested that assemblage A trophozoites can
induce a high degree of mucosal and functional damages without causing obvious
signs of diarrhoea (Benere et al., 2012). Here, assemblage A was shown to have a
lesser effect on intestinal cell size suggesting that the intestinal water uptake may
not be as affected by assemblage A supernatant as it is by assemblage B
supernatant. Moreover, assemblage A supernatant causes a more important
ruffling effect of intestinal cells than assemblage B which also correlates with the
previous studies realised on gerbils and rats.

The immunostaining of ZO-1 allowed calculating the surface area and
perimeter changes occurring in intestinal cells during infection with Giardia
supernatant, however, the water loss could not be accurately assessed via
microscopy. The realisation of an electrophysiology assay using Ussing chamber
may allow assessing the actual loss of water in real time. It is important to note that
the measurement of surface area and perimeter were done via Image J software by
redrawing the outline of non-mitotic and non-apoptotic cells in order for the
software to calculate these two data. This is not the most accurate method and it
might have led to a slight loss of information. Due to this lack of accuracy in the
measurement of surface area and perimeter, the ruffling index may not be accurate
either suggesting that this effect might be more pronounced too. This could explain
the non-significant data for GS supernatant when some ruffling of Caco-2 was
microscopically observed. However, even with a slight loss of information, this
study shows that Giardia supernatant induces significant but not dramatic

morphological changes inintestinal cells.
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3.4.2/ Effect on intestinal cell water and ions transporters

Some of the effects of Giardia on intestinal cells have long been well-
established (Cotton et al., 2011, Roxstrom-Lindquist et al., 2005, Scott et al., 2000).
Yet, the possible involvement of both Giardia-secreted factors and host cell
transport mechanisms remains unknown. In this study, the implications of two main
water channels, AQP3 and SGLT-1, and of one chloride secretion channel, CFTR
were investigated (Fig 3.1-3.3).

Aquaporins are responsible for the water uptake by osmosis in many cells;
but they can also transport small molecules through the lipid bilayer, AQP3 is also
involved in the transport of glycerol, urea and other small solutes such as
ammonia/ammonium (Krane and Goldstein, 2007, Holm et al., 2005). The pilot
study shows apparent translocation of AQP3 protein under exposure to Giardia.
However, Giardia growth media induces an even more pronounced effect (Fig
3.10).

Study was improved by removing the influence of Giardia growth media and
by using supplemented DMEM for the incubation with intestinal cells as non-
supplemented DMEM was initially used during incubation with Giardia
supernatants (Fig 3.10-3.13). This study shows that Giardia supernatant may not
have any effect on AQP3 expression due to the marginal effect observed. It also
shows that Giardia supernatant induces the translocation of AQP3 protein. Giardia
assemblage B induces the translocation of AQP3 shortly after inoculation as
proteins appeared to be peripheral after one hour incubation (Fig 3.11 A., 3.12 A,
3.13 A.). Giardia assemblage A supernatant induces both AQP3 translocation
between 1 and 8 hours incubation; and its effect appeared to last longer as more
proteins were peripheral after 24 hours incubation with WB supernatant. This
translocation appeared to be a dose-response effect as more proteins were
observed to be peripheral with a 1:250 dilution for the parasite supernatants.
However, the quantification of this translocation was not possible using an Axioplan
2 imaging microscope. The investigation of the density of vesicles in close proximity
of the plasma membrane via the use of a confocal XZ-plane imaging microscope

and a peripheral stain as a marker of cells shape, such as a tight junction protein,
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should allow the quantification of the translocation observed (Domanova et al.,
2011, Yu et al., 2008). The quantitative measurement of AQP3 translocation could
also be assessed by flow cytometry as suggested by Koshy and collaborators in their
study of GLUT4 translocation to the plasma membrane (Koshy et al., 2010).

SGLT-1 is responsible for the active transport of glucose across the brush
border membrane of small intestine, via a coupled transport of two sodium ions for
one glucose molecule (Wright et al., 2007); it can also be involved in the osmotic
water uptake (Zeuthen, 2010). Like for the study on AQP3 proteins, CaCo-2 cells
were incubated with both Giardia GS and WB supernatants at different dilutions,
for 1, 8 and 24 hours; immunofluorescence microscopy assay and western blots
were performed (Fig 3.14-3.16). This study shows that Giardia supernatant has a
slight marginal effect on SGLT-1 expression suggesting that Giardia supernatant
may not have any effect on this protein expression. This study also shows that
Giardia supernatant has no effect on SGLT-1 translocation (Fig 3.14 A,, 3.17 A,, 3.18
A.). However, some studies described biological process in which SGLT-1 activation
by Giardia may rescue enterocytes from lipopolysaccharide (LPS)-induced epithelial
cell apoptosis by enhancing glucose uptake (Buret, 2008, Yu et al., 2008, Yu et al.,
2006, Yu et al., 2005). Indeed, Yu et al showed that in a high glucose environment,
Giardia induces the apical translocation of SGLT-1 transporters which leads to the
inhibition of Giardia-induced apoptosis (Yu et al., 2008, Yu et al., 2006, Yu et al.,
2005). Yu et al also suggested that a soluble heat-labile protein fraction in Giardia
trophozoites may trigger the SGLT-1-mediated host response observed in their
study (Yu et al., 2008). In this study, the lack of translocation observed could be
explained by an environment low in glucose. Moreover, in their study, Yu and
collaborators incubated Giardia trophozoites either in a low glucose concentration
environment or in a high glucose concentration environment to specifically
investigate the effect on SGLT-1 transporter which was not the aim of this study.
Yet, it may be interested to repeat the assay on SGLT-1 in a high glucose
concentration environment to investigate further the findings of Yu et al.

CFTR is a cAMP-activated channel responsible for the chloride secretion via
an osmotic gradient (Murek et al., 2010). The effect of Giardia supernatant on CFTR

expression and translocation was investigated following the same protocol as for
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the study of AQP3 and SGLT-1. The influence of Giardia supernatant on CFTR
expression could not be assessed due to the lack of reproducibility of the western
blot assays for this protein (Appendix VI). CFTR is a heavy protein of approximately
150 kDa, the use of pre-cast gels with a lower gradient than the ones used during
this study may allow a better reproducibility of the assay. CFTR proteins show a
similar translocation effect to AQP3 when incubated with Giardia supernatants with
an early and more pronounced translocation effect induced by Giardia assemblage
B (Fig 3.17-3.19). This translocation also appears to be dose-dependent as more
CFTR proteins were observed at the periphery of intestinal cells with a 1:250
dilution for Giardia supernatant. As for AQP3, the quantification of this
translocation could not be evaluated and should be investigated either via confocal
microscopy or flow cytometry as previously stated.

These studies suggest that Giardia supernatant induces the translocation of
both AQP3 and CFTR which are involved in intestinal water uptake and chloride
secretion respectively (Zeuthen, 2010, Murek et al., 2010). This suggests that these
two intestinal proteins may be involved in the changes in cell morphology and

turgidity, and chloride secretion inhibition caused by Giardia supernatant.

3.5/ Summary

These studies show that Giardia trophozoites secrete factors affecting the
host cells morphology and cell trafficking mechanisms. Giardia supernatant induces
a disruption of the intestinal water uptake suggesting an implication of the
intestinal water channels in this biological process. The translocation of AQP3
observed indicates that AQP3 transporter may be involved in the decrease of cell
turgidity observed, as AQP3 translocation occurs after one hour incubation and the
first effects on morphology were observed after 8 hours incubation (Fig 3.4-3.9,
3.11-3.13). The fact that GS supernatant appears to have a greater effect than WB
supernatant on both intestinal cell size and AQP3 translocation suggests that AQP3
may be involved in the loss of water occurring under treatment with assemblage B
supernatant. Giardia assemblage A appeared to have a milder effect on both
intestinal cell size and AQP3 translocation which suggests that assemblage A may

have a lesser effect on intestinal water uptake.
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A previous study on chloride secretion inhibition by Giardia supernatant
realised in our laboratory suggests that CFTR might not be involved in the
morphological changes as it was inhibited by Giardia supernatant (Chapter |,
section 1.5.4, Fig 1.17-1.19). However, Giardia supernatant was shown to induce
CFTR translocation after 1 hour which suggests that CFTR may be involved in some
of the host cell disruptions caused by Giardia. In which of the different cellular
disruptions caused by Giardia CFTR might be involved has yet to be investigated.

These studies show that Giardia does secrete soluble factors inducing some
disruptions in host cells via their interaction with intestinal transporters. Whether
these soluble mediators are proteins or other solutes remains unanswered.
Reproducing all the different assays performed in this study with Giardia
supernatant boiled prior to incubation would be an easy way to determine if these

effects are due to Giardia-released proteins or not.
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Pilot study and protocol

optimisation to investigate

Giardia secretion profile.
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4.1/ Introduction

As stated in Chapter | (section 1.5.2.3.), Giardia supernatant was shown to
reduce intestinal chloride efflux and to inhibit CaCo-2 cells Isc suggesting that
Giardia secretes mediators acting on intestinal cells functions (Al-Naimi et al,
unpublished data). However, what kind of Giardia-secreted molecules are involved
remains unknown and requires further investigation. Proteins are the most
abundant cellular macromolecules and are involved in diverse cellular functions
such as enzymatic reaction, transport of molecules across membranes or the
conservation of the cellular cytoskeletal structure (Lodish et al., 2000). This suggests
that the Giardia-secreted mediators involved in the cellular Isc inhibition may be
proteins. Besides, only a few proteins were shown to be secreted or released by
trophozoites upon interaction with intestinal cells; and a protein secretion profile
for Giardia has yet to be determined (Cotton et al., 2014, Ringqvist et al., 2011,
Ringqvist et al., 2008, Rodriguez-Fuentes et al., 2006).

As stated in Chapter Il and lll, the in vitro growth of Giardia trophozoites
requires the use of numerous components such as BSA, pancreatic and bile digests,
B12 vitamin, and yeast extract (Chapter Il, Table 2.1). Therefore, TYI-S-33 proteins
may interfere in the investigation of Giardia-secreted proteins from trophozoites
cultured in vitro. To verify this hypothesis, supernatants form Giardia culture were
collected for both assemblage A and B and a SDS-PAGE assay was performed to
compare protein profile for Giardia supernatant to TYI-S-33 (Fig 4.1). Both
assemblage supernatant showed a similar secretion profile to TYI-S-33; a similar
profile was also observed with a 1:10 dilution (Fig 4.1 B.). This indicates that TYI-S-
33 is too enriched in Giardia supernatant to use it directly from trophozoites in vitro
culture.

The aims of this study were:

(i) To develop a method to obtain a supernatant as clear as possible from
TYI-S-33

(ii) To optimise this method prior to proteomics analysis of Giardia samples.
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MW WB GS TYI-S-33 MW WB GS TYI-S-33
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Fig 4. 1: Giardia supernatant from trophozoites culture is too enriched in TYI-S-33
proteins. Parasites were chilled on ice for 15 min, and centrifuged 10 min at 3,000 rpm.
Supernatants were collected and SDS-PAGE on 12% gels, using a SYPRO staining, were
realised. A. Protein profile of undiluted supematant B. Protein profile in 1:10 dilution. Data
represents twoindependent experiments

MW: Molecularweight.
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4.2/ Pilot study to determine Giardia secretion profile

4.2.1/ Giardia secretes proteins

In order to obtain Giardia supernatants as clean as possible from TYI-S33
proteins (Fig 4.1), Giardia trophozoites were collected from culture tube and
washed three times with PBS. At first, trophozoites were incubated in PBS for
approximately 2 hours after PBS washes. However, only a few protein bands were
observed on SDS-PAGE gel, which were also present in the TYI-S-33 control (data
not shown). This suggested that Giardia trophozoites were not releasing any
proteins in the milieu when incubated in PBS. PBS is not a growth medium;
therefore no nutrients were available for the trophozoites in this environment
which may explain the lack of Giardia proteins in the supernatants. To counteract
this effect, Giardia was incubated in a growth medium different from TYI-S-33 with
no bovine or calf proteins. DMEM, a standard in vitro growth medium used to
culture several cell lines, was used. DMEM was not supplemented with BSA nor FCS,
only antibiotics were added to keep an axenic milieu. Parasites were incubated for
up to 60 minutes with DMEM. Parasites were then collected and centrifuged to
collect supernatant from DMEM incubation; BCA protein assay and SDS-PAGE were
performed to verify the protein profile (Fig 4.2). A maximum of 45 minutes
incubation was shown to give optimum protein concentration and profile on SDS-
PAGE gels as less debris were observed in the culture tubes (data not shown).
Protein concentrations ranged between 0.655 and 1.339 pg/ml which confirmed
that proteins were present in supernatants (Fig 4.2). Some TYI-S-33 proteins
appeared to be still present in Giardia supernatant; however, Giardia-specific
protein bands were also present on SDS-PAGE gel (Fig 4.2). Moreover, no bands
were observed for non-supplemented DMEM which confirmed that trophozoites
were incubated in a protein-free medium (Fig 4.2).

To obtain exploitable supernatant for the study of Giardia assemblage A and
B secretion profiles, Giardia trophozoites had to be incubated in different
conditions than their standard in vitro culture. Giardia-specific proteins were

observed (Fig 4.2); however, these proteins may have been the products of death
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25 kDa ————ég’ ——

Giardia isolate  [protein] (ng/ml) Giardia isolate [protein] (ug/ml)
GS 0.655 GS 1.189
WB 1.115 WB 1.339

Fig 4. 2: Giardia supernatant contains less TYI-S-33 proteins after 45 minutes incubation
in non-supplemented DMEM. Parasites were chilled on ice for 15 min, washed 3 times in
pre-warmed PBS, centrifuged 10 min at 3,000 rpm between each wash; and then were
incubated in pre-warmed non-supplemented DMEM for 45 min. at 37°C. After 45 min
incubation, parasites were chilled on ice for 5 min and centrifuged 10 min at 3,000 rpm.
Supernatants were collected and SDS-PAGE on 12% gels, using a SYPRO staining, and BCA
assay were performed. Protocol was repeated to confirm the results. A. First Giardia
supernatant protein profile and protein concentration after incubation in DMEM. B. Repeat
of incubation in DMEM, protein profile and concentration. Data represents two
independent experiments.

MW: Molecular weight; 2: TYI-S-33, 1:500 dilution; 3: GS supernatant; 4: WB supernatant;
5: non-supplemented DMEM,; 6: TYI-S-33, 1:100 dilution.
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cell caused by the incubation in DMEM. A viability flow cytometry assay was
performed on parasites to analyse the percentage of dead and living trophozoites
during incubation in DMEM (Fig 4.3). Giardia trophozoites collected from standard
growth condition were used as a control for living population. To compare Giardia
trophozoites population incubated in DMEM with a dead population, trophozoites
collected from Giardia culture were killed using 2 % Trigene, a disinfectant cleaner
for laboratories applications, and used as a dead population control. Both controls
of living and dead populations were represented by two gates: P2 and P3
respectively (Fig 4.3). When incubated with DMEM, both Giardia assemblage A and
B trophozoites population had a similar profile to trophozoites under standard
conditions of growth; the percentage of living cells within the populations
incubated in DMEM were of 97.44 % for assemblage B (GS isolate) and 97.62 % for
assemblage A (WB isolate) (Fig 4.3). When 2 % trigene was added, the flow
cytometry profile was completely different from the normal condition of growth
with a diffused granularity compared to the living cells which had a low granularity
(Fig 4.3). The percentage of parasites still alive in population resupsended in 2 %
Trigene was less than 1 %. This confirmed that parasites were still alive after 45
minutes incubation in DMEM. Moreover, it showed that proteins observed on SDS-
PAGE were more likely to be secreted by living parasites rather than by-products of

dead cells (Fig 4.2).

4.2.2/ Pilot mass spectrometry study on Giardia assemblage
A and B secretion profile

SDS-PAGE and flow cytometry analyses asserted that Giardia secretes
proteins (Fig 4.2 and 4.3). To determine the secretion profile for both assemblages,
replicates for both assemblage A and B were prepared to run a mass spectrometry
(MS) analysis. The MS analysis was performed by Prof Johnathan Wastling and Dr
Dong Xia at the Institute of Infection and Global Health, from the University of
Liverpool. Giardia trophozoites were incubated with DMEM for 45 minutes after
three washes in PBS (as stated in Chapter Il, section 2.1.1.2., Fig 2.2). At first, one
replicate was prepared for each assemblage, BCA protein assay performed to

estimate the amount of protein present in supernatant (Table 4.1). Only one
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Table 4. 1: Giardia supernatant protein concentration before mass spectrometry analysis.
Parasites were chilled on ice for 15 min, washed 3 times in pre-warmed PBS, centrifuged 10
min at 3,000 rpm between each wash; and then were incubated in pre-warmed non-
supplemented DMEM for 45 min. at 37°C. After 45 min incubation, parasites were chilled
on ice for 5 min and centrifuged 10 min at 3,000 rpm. BCA protein assays were performed
before running MS analysis (either Orbitrap or QeXactive) on samples.

Giardia [protein] (pg/ml)

Replicate Orbitrap QeXactive
GS51 0.365 -
WEB 1 0.725 -
G52 - 0.922
WB 2 - 0.738
GS3 - 0.672
WB 3 - 0.798

Table 4. 2: Total amount of proteins obtained for Giardia replicates after Orbitrap and
QeXactive MS analyses. After preparation of supernatants and pellets following protocol
stated in chapter 2 (section 2.1.1.2.). Pellet samples were first resuspended in 25 mM Ambic.
For all samples, proteins were denatured with 1% Rapigest™ in 25 mM Ambic, followed by 3
x freeze-thaw cycles and 2 x 10 min sonication in water bath; then incubated at 80°C for 10
min, reduced with 3 mM dithiothreitol at 60°C for 10 min. Proteins were alkylated with 9 mM
iodoacetamide at room temperature for 30 min in the dark, then proteins were digested by
adding a 50:1 protein:trypsin ratio at 37°C overnight. MS analysis was either performed via
Orbitrap MS or QeXactive MS. Bioinformatics and statistical analyses were performed using
Progenesis LC-MS software (v. 4.1), Mascot software and the online database: GiardiaDB. A.
Total amount of proteins identified for both MS techniques. B. Total amount of proteins in
Giardia pellet and supernatant via the Orbitrap MS. C. Total amount of proteins identified in
Giardia pelletand supernatant via QeXactive MS.

A.
Total amount of proteins
Giardia isolate identified
Orbitrap  QeXactive
GS 442 910
WEB 660 1,025
B.
Total amount of proteins
Giardia isoclate identified for Orbtirap MS
Pellet Supernatant
GS 357 222
WB 650 146
C.
Total amount of proteins
Giardia isclate identified for QeXactive MS
Pellet Supernatant
GS 878 677
WB 942 804
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replicate per assemblage were sent to obtain a preliminary profile. Both pellet and
supernatant were collected and run through an Orbitrap MS. Orbitrap is part of the
linear ion trap (LTQ) MS family. A total amount of 442 proteins and 660 proteins
were identified for assemblage B (GS) and assemblage A (WB) respectively (Table
4.2 A.). For assemblage B (GS isolate), 357 proteins were identified in the pellet and
222 were identified in the supernatant; as for assemblage A (WB isolate), 650
proteins were identified in the pellet and 146 in the supernatant (Table 4.2 B.). For
both assemblages, most of the proteins identified in the supernatant were also
identified in the pellet; 137 and 136 proteins for GS and WB isolate respectively (Fig
4.4). 85 proteins were isolated and identified in GS supernatant and only 10 were
identified in WB supernatant.

Although this dataset showed an interesting preliminary secretion profile for
both assemblages (data not shown), only one set of replicates was used and the
assay needed to be reproduced. Two more replicates per assemblages were
prepared and sent for analysis (Table 4.1). MS techniques and apparatus are
constantly improving and changing. By the time the two new replicates were sent
for analysis, a new mass spectrometer was developed and used at the Institute of
Infection and Global Health: the QeXactive MS. The QeXactive MS is a hybrid mass
spectrometer combining a quadrupole mass filter and an Orbitrap analyser; it is a
very sensitive LC-MS/MS technique which allows the identification of more proteins
than the Orbitrap. By using QeXactive MS, the number of proteins identified was
increased by approximately two fold compared to the Orbitrap dataset. Indeed, 910
proteins and 1025 proteins were identified in GS and WB isolates respectively
(Table 4.2 A.). In GS isolate, 878 proteins were identified in pellet and 677 in
supernatant; in WB isolate, 942 and 804 proteins were identified in pellet and
supernatant respectively (Table 4.2 C.). A lot more proteins were identified in both
pellet and supernatant for both assemblages with QeXactive MS; 645 proteins for
GS isolate and 721 proteins for WB isolate (Fig 4.5). Only 32 proteins were isolated
only in GS supernatant; which is approximately two fold less than with the Orbitrap
(Fig 4.4). Interestingly, 83 proteins were identified only in WB supernatant with
QeXactive (Fig 4.5). All these results indicated that QeXactive MS was a very

sensitive technique compared to the Orbitrap MS. For both dataset, proteins
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A. Assemblage B (GS)

85 137 220
[0 Supernatant (222)
[@ Pellet (357)
B. Assemblage A (WB)
10 136 514

O Supernatant (146)
[ Pellet (650)

Fig 4. 4: Common proteins between pellet and supernatant identified via Orbitrap MS.
A. 137 proteins were identified in both supematant and pellet for GS isolate, 85 and 220

were identified only in supernatant and pellet respectively. B. 136 proteins were identified
in both supernatant and pellet for WB isolate, 10 and 514 were identified only in

supernatantand pelletrespectively.
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A. AssemblageB (GS)

32 645 233

O supernatant (677)
B Pellet (878)

B. Assemblage A (WB)

85 721 221

O supernatant (804)
[ Pellet (942)

Fig 4. 5: Common proteins between pellet and supernatant identified via QeXactive MS.
A. 645 proteins were identified in both supematant and pellet for GS isolate, 32 and 233
were identified only in supernatant and pellet respectively. B. 721 proteins were identified
in both supernatant and pellet for WB isolate, 83 and 221 were identified only in
supernatantand pellet respectively.
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present in both pellet and supernatant were identified, and a supernatant : pellet
ratio was calculated to determine which proteins were more likely to be secreted or
released by the trophozoites. Proteins were then ranked from the highest ratio to
the lowest which showed a high variability in ranking between the datasets for both
assemblages (Data not shown). For both Orbitrap and QeXactive datasets, proteins
only present in supernatant were also ranked from the most abundant to the less
abundant. Surprisingly, in these datasets, not a single protein was found in common
in the two dataset, and this for each Giardia assemblage (Data not shown). Some
proteins that were only identified in Orbitrap supernatant dataset were found to be
identified in both pellet and superntant via QeXactive MS. This was explained by
the high sensitiity of the QeXactive MS. Due to this high variability between dataset
and to verify the correlation between the two datasets and the two replicates
within QeXactive dataset, a Spearman correlation test was also performed to
compare the different protein expression profiles (Fig 4.6). For both assemblages,
Qexactive datasets appeared to be highly correlated indicating that data from both
replicates were exploitable together (Fig 4.6). However, the Orbitrap dataset for the
supernatant samples appeared to be highly variable and poorly correlated to the
pellet replicate Orbitrap dataset. Therefore, for both assemblages, the two datasets
were also poorly correlated which demonstrated that the datasets were not

exploitable together and that the protocol had to be optimised.
4.3/ Optimisation of protocol for the preparation of
Giardia supernatant prior to mass spectrometry

analysis

Due to the low correlation between the previous datasets and the high
variability in protein rankings, three new replicates per Giardia assemblage had to
be prepared and sent to the Institute of Infection and Global Health. To ensure that
the best would be obtained, each replicate was passed through both the Orbitrap
MS and QeXactive MS. However, prior to run the new MS analysis, the preparation
of supernatant had to be optimised, and a new step was added to concentrate the

proteins present in supernatants.
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Fig 4. 6: Protein expression profile for Giardia assemblage A and B. Both GS and WB pellet
(P) and supernatant (S) replicates were analysed via Orbitrap and QeXactive MS. Orbitrap
supernatant datasets show a variation in protein expression profile compared to the pellet
Orbitrap datasets and also the QeXactive datasets for both assemblage. The correlation of
these two datasets was tested via Spearman correlation tests (Appendix VII). A. Protein
expression profile for GS isolate pellet and supernatant replicates. B. Protein expression
profile for WB isolate pellet and supernatant replicates. Data represents one independent
experiment for Orbitrap datasetand two independent experiments for QeXactive dataset.
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Two different approaches (i) Trichloroacetic acid (TCA) precipitation and (ii)
Vivaspin columns with a 3,000 molecular weight cutt off (MWCQ) were chosen and
compared. Old samples stored at - 20°C were used to test which techniques was the
best option for this study, which explained the low protein concentrations prior to
precipitate proteins (Table 4.3). BCA protein assays were also performed after the
protein concentration or precipitation in order to verify the final protein
concentration in Giardia supernatants (Table 4.3). TCA precipitation was shown to
give very low protein concentrations which suggested that this was not the best
method to use in this study. Vivaspin columns were then the approach taken to
optimise the protein concentration within Giardia supernatants. An initial protocol
of (i) an initial centrifugation at 12,000 rcf for 30 minutes to remove DME M,; (ii) two
centrifugations with 25 mM Ammnonium bicarbonate (Ambic) at 12,000 rcf for 30
min to remove DMEM,; (iii) one hour incubation with 25 mM Ambic and 1 %
Rapigest™ which is a reagent used to solubilise proteins making them more
susceptible to enzymatic cleavage, at room temperature; (iv) and a final
centrifugation at 3,000 rcf for 2 minutes to recover proteins (Fig 4.7). However,
protein concentrations were lower than the initial concentrations, with a variation
in concentration ranging from 1.5- to 5-fold (Table 4.3). Alternatively, a similar
Vivaspin protocol was also performed but with an extra centrifugation at 12,000 rcf
for 30 minutes, and incubation with 25 mM Ambic only. Final protein
concentrations were also lower than the initial concentrations; but only by 1.65-
fold (Table 4.3).

The fact that protein concentrations were lower after protein precipitation
suggested that proteins may be degrading during incubation at room temperature.
An SDS-PAGE electrophoresis was performed on samples concentrated with and
without 1 % Rapigest™ to verify protein profiles within samples (Fig 4.8). BSA was
used as a control of the technique as proteins with high molecular weights are
present in high quantity. The SDS-PAGE showed that proteins were not degraded
after one hour incubation at room temperature (Fig 4.8). It also showed that
incubated with 25 mM Ambic only had a better protein profile as they appeared
more concentrated on the gel (Fig 4.7). This indicated that the use of 25 mM Ambic

without 1% Rapigest™ allowed a better concentration of the proteins present in
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Table 4. 3: Vivaspin columns give supernatant samples more concentrated in proteins
than TCA precipitation. Parasites were chilled on ice for 15 min, washed 3 times in pre-
warmed PBS, centrifuged 10 min at 3,000 rpm between each wash; and then were
incubated in pre-warmed non-supplemented DMEM for 45 min. at 37°C. After 45 min
incubation, parasites were chilled on ice for 5 min and centrifuged 10 min at 3,000 rpm.
BCA protein assays were performed before and after protein concentration.

[protein] (ng/ml)
Vivaspin column with 1% Vivaspin column without 1%
TCA Precipitation Rapigest Rapigest
iardi Before protein After protein  Before protein After protein
Giardia Before TCA After TCA P ) P . P ) P .
isolate concentration concentration concentration concentration
wB 0.38 0.061 0.49 0.266 0.495 0.3
GS 0.094 0.061 1.04 0.206 0.695 0.42
1ml 5o pl
S L —
25 25 mM Ambi
Ambic /1% Rapigest,
1 hourat
Room
Temperature

5. Centrifugation 12,000 rcf 30 min
———> Centrifugation 3,000 ref 2 min

‘ 25 mM Ambic orzg mM Ambic /1
% Rapigest

Fig 4. 7: Initial Vivaspin column protocol with 25mM Ambic / 1 % Rapigest™. Parasites
were chilled onice for 15 min, washed 3 times in pre-warmed PBS, centrifuged 10 min at
3,000 rpm between each wash; and then were incubated in pre-warmed non-
supplemented DMEM for 45 min. at 37°C. After 45 min incubation, parasites were chilled
on ice for 5 min and centrifuged 10 min at 3,000 rpm. Supernatants were collected and
protein concentration within samples was assessed by BCA assay. Proteins were
concentrated in Vivaspin columns. First, samples were spun at 12,000 rcf for 30 min. 25
mM Ambic was added and samples were centrifuged for 30 min at 12,000 rcf twice.
Samples were incubated at room temperature with 50 ul 25mM Ambic/1 % Rapigest™
solution for one hour. A final centrifugation was done for 2 min at 3,000 rcf. BCA and SDS-
PAGE were performed to determine protein concentration and profile.
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the samples as suggested by the BCA protein assay performed previously (Table
4.3). According to these results, a final protocol of (i) an initial centrifugation at
12,000 rcf for 30 minutes to remove DMEM,; (ii) 3 centrifugations at 12,000 rcf for
30 minutes; (iii) one hour incubation with 25 mM Ambic at room temperature; and
(iv) a protein recovery centrifugation at 3,000 rcf for 2 minutes was set (Fig 4.9).

Once this protocol was established, Giardia trophozoites were incubated in
non-supplemented DMEM as stated in Chapter Il (section 2.1.1.2., Fig 2.2). Three
replicates were prepared with at least two passages between supernatant
preparations; pellet samples were stored at - 20°C until shipment to Liverpool for
MS analysis. Protein concentrations in Giardia supernatant were assessed via BCA
protein assay (Fig 4.10 B.). Proteins present in supernatants were concentrated via
the final Vivaspin column protocol (Fig 4.9) and a final BCA protein assay was
performed on concentrated samples (Fig 4.10 B.). An SDS-PAGE electrophoresis was
performed on samples after protein concentration to verify their protein profiles
(Fig 4.10 A.). According to the BCA protein assays and the SDS-PAGE gel, only two
replicates were exploitable for MS analysis GS replicate 1 and WB replicate 2;
therefore two more replicates per assemblage had to be prepared (Fig 4.10).

The fact that DMEM containing phenol-red was used for the incubation with
Giardia trophozoites may have an effect on the supernatant concentrations.
Indeed, phenol red may skew the BCA protein assay results. Moreover, some
phenol red was still visible after protein concentration via Vivaspin columns which
suggested that some DMEM was still present in samples and may interfere with the
proteins recovery. To counteract that effect, phenol red-free DMEM was used to
prepare the last replicates. Because no phenol red was present in these samples
and to reduce the time at room temperature for the samples, two centrifugations in
25 mM Ambic at 12,000 rcf for 30 min were done instead of three previously set
prior to the protein incubation at room temperature (Fig 4.9). As stated before, a
BCA protein assay was performed before and after the protein concentration in
Vivaspin columns, and a SDS-PAGE electrophoresis was also performed to verify the
protein profile (Fig 4.11). The SDS-PAGE gel showed a good profile for GS replicates
with a lot of bands; However, WB isolate showed less bands which appeared

weaker than the one observed for GS replicates, particularly for the replicate WB 2
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Fig 4. 8: Incubation with 25 mM Ambic without 1 % Rapigest™ gives a better protein
profile for Giardia supernatant. Parasites were chilled onice for 15 min, washed 3 times in
pre-warmed PBS, centrifuged 10 min at 3,000 rpm between each wash; and then were
incubated in pre-warmed non-supplemented DMEM for 45 min. at 37°C. After 45 min
incubation, parasites were chilled on ice for 5 min and centrifuged 10 min at 3,000 rpm.
Supernatants were collected and protein concentration within samples was assessed by
BCA assay. Proteins were concentrated using Vivaspin columns. Lane 5 and 8: 2 x 30 min
centrifugation with 25 mM Ambic, protein concentration with 1 % Rapigest™/25 mM
Ambic. Lane 6 and 9: 3 x 30 min centrifugation with 25 mM Ambic, protein concentration
with 25 mM Ambic. Before = before protein concentration via Vivaspin columns, After =
after protein concentration using Vivaspin columns.
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Fig 4. 9: Final protocol for the protein recovery of Giardia supernatant samples on
Vivaspin columns. Parasites were chilled on ice for 15 min, washed 3 times in pre-warmed
PBS, centrifuged 10 min at 3,000 rpm between each wash; and then were incubated in pre-
warmed non-supplemented DMEM for 45 min. at 37°C. After 45 min incubation, parasites
were chilled on ice for 5 min and centrifuged 10 min at 3,000 rpm. Supernatants were
collected and protein concentration within samples was assessed by BCA assay.
Supernatants were transferred in Vivaspin columns with a 3,000 MWCO and centrifuged at
12,000 rcf for 30 min. Proteins were washed up to 3 times with 25 mM Ambic (depending
on presence of phenol red within DMEM) and centrifuged at 12,000 rcf for 30 min. Then,
50 pl of 25 mM Ambic were added and samples were left at room temperature for one
hour; final spin at 3,000 rcf for 2 min to recover proteins. BCA assay and SDS-PAGE were
performedto assess protein level and protein degradation prior to proteomicassay.

A. B.

Lane: 1 2

[protein] (ug/ml)

Before protein After protein

75 kDa. -— "".. Ri,:lri ::t,e concentration concentration
Fain ws 1 0.176 0.06
o 1 ws 2 0.256 0.41
25 kool S wB 3 0.02 0.11
GS1 0.176 0.66
Fe GS2 0.576 0.16
2 GS3 0.456 0.21

iz s

Fig 4. 10: Only WB 2 and GS 1 replicates are exploitable for mass spectrometry. Parasites
were chilled onice for 15 min, washed 3 times in pre-warmed PBS, centrifuged 10 min at
3,000 rpm between each wash; and then were incubated in pre-warmed non-
supplemented DMEM for 45 min. at 37°C. After 45 min incubation, parasites were chilled
on ice for 5 min and centrifuged 10 min at 3,000 rpm. Supernatants were collected and
protein concentration within samples was assessed by BCA assay. Proteins were
concentrated via Vivaspin columns. Supernatants were spun at 12,000 rcf for 30 min. 25
mM Ambic was added and samples were centrifuged for 30 min at 12,000 rcf, 3 times.
Samples were incubated at room temperature with 50 pl 25mM Ambic solution for one
hour. A final centrifugation was done for 2 min at 3,000 rcf. A. SDS-PAGE on 4-12% gel was
performed to see the protein profile after protein concentration for the 3 replicates for
each Giardia isolate. Lane 1: MW, 2: WB 1, 3: WB2,4: WB 3, 5: GS 1, 6: GS 2, 7: GS. 3 B. BCA
assays were performed before and after protein concentration on Vivaspin columns.
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(Fig 4.11 A.). The BCA protein assays showed a better protein recovery than
previously (Fig 4.11 B.). Even if the protein concentrations were lower than before
the protein recovery, according to the SDS-PAGE and BCA assay, enough proteins
were present in the replicates for MS analysis. For each Giardia assemblages, three
replicates were finally prepared and were sent to the Institute of Infection and
Global Health to be analysed via Orbitrap and QeXactive analyses (Table 4.4).

The same MS protocol as for the first MS analysis was followed in this
analysis (as stated in Chapter Il, section 2.4.2). For both MS techniques, peptides
isolated were matched to Giardia proteins via the online database GiardiaDB. A
total of 1,151 and 1,542 proteins were identified for assemblage B (GS isolate) via
Orbitrap MS and QeXactive MS analyses respectively; which represent an increase
in protein identified of approximately 1.5- to 2.5-fold compared to the first datasets
(Table 4.5 A.). For assemblage A (WB isolate), a total of 1,219 and 1,641 proteins
were identified via Orbitrap and QeXactive MS analysis respectively; which
represent an increase in proteins of approximately 2-fold compared to the previous
datasets (Table 4.5 A.). For assemblage B, 1,100 proteins were identified in pellet
samples and 689 in the supernatant samples via Orbitrap MS analysis which
represents a 3-fold increase in proteins compared to the first Orbitrap dataset
(Table 4.2 B, 4.5 B.). The new QeXactive analysis showed a lesser increase, 1.5-fold,
with 1,515 proteins identified in pellet samples and 973 in supernatants (Table 4.5
C.). For assemblage A, the new Obitrap MS dataset showed an increase of
approximately 2- and 3-fold for pellet and supernatant samples respectively, with
1,184 proteins identified in pellets and 461 in supernatants (Table 4.5 B.). The new
QeXactive dataset showed a similar increase in protein identification to the new
Orbitrap, 1,617 proteins were identified in pellet samples and 514 in supernatant
samples (Table 4.5 C.). Interestingly, these new datasets showed that less proteins
were present in assemblage A supernatant than in assemblage B supernatant;
which was also the case within the previous MS analysis (Table 4.2 and 4.5). A lot
more proteins were identified via both MS technique which suggested that the new
replicates were of better quality than the first prepared.

Even if these datasets appeared to be exploitable and prior to any secretion

profile analysis, they were compared to the first MS datasets by Spearman

183 |Page



Chapter IV

Lane: 1 [protein] (ng/ml)
Giardia Before protein After protein

Replicate concentration concentration

75 kDa = WB1 0.885 0.5375
WB 2 0.9325 1.035
GS1 1.035 0.5375
GS2 0.8825 0.835

25 kDa

Fig 4. 11: Replicates, incubated in phenol red-free non-supplemented DMEM, are good
for MS analysis. Parasites were chilled on ice for 15 min, washed 3 times in pre-warmed
PBS, centrifuged 10 min at 3,000 rpm between each wash; and then were incubated in pre-
warmed non-supplemented, phenol red-free DMEM for 45 min. at 37°C. After 45 min
incubation, parasites were chilled on ice for 5 min and centrifuged 10 min at 3,000 rpm.
Supernatants were collected and protein concentration within samples was assessed by
BCA assay. Proteins were concentrated in Vivaspin columns. First, samples were spun at
12,000 rcf for 30 min. 25 mM Ambic was added and samples were centrifuged for 30 min at
12,000 rcf, twice. Samples were incubated at room temperature with 50 pl 25mM Ambic
solution for one hour. A final centrifugation was done for 2 min at 3,000 rcf. A. SDS-PAGE
on 4-12% gel was performed to see the protein profile after protein concentration for the 2
new replicates for each Giardia isolate. Lane 1: MW, 2: WB 1, 3: WB2, 4: GS 1, 5: GS 2. B.
BCA assays were performed before and after protein concentration on Vivaspin columns.

Table 4. 4: Giardia supernatant protein concentration before mass spectrometry
analysis. GS 1 and WB 1 represent samples incubated in DMEM containing red phenol (GS
1 and WB2 respectively on Fig 4.7). For both GS and WB, replicates 2 and 3 represent
samplesincubatedinred phenol-free DMEM (Replicate 1and 2 respectivelyon Fig4.8).

Giardia [protein]

Replicate (pg/ml)
G51 0.660
WB 1 0.410
G52 0.538
WB 2 0.538
G5 3 0.835
WEB 3 1.035
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Table 4. 5: Total number of proteins obtained for Giardia replicates after Orbitrap MS
and QeXactive MS analyses. After preparation of supernatants and pellets following
protocol stated in chapter 2 (section 2.1.1.2.). Pellet samples were first resuspended in 25
mM Ambic. For all samples, proteins were denatured with 1% Rapigest™ in 25 mM Ambic,
followed by 3 x freeze-thaw cycles and 2 x 10 min sonication in water bath; then incubated
at 80°C for 10 min, reduced with 3 mM dithiothreitol at 60°C for 10 min. Proteins were
alkylated with 9 mM iodoacetamide at room temperature for 30 min in the dark, then
proteins were digested by adding a 50:1 protein:trypsin ratio at 37°C overnight. MS
analysis was either performed via Orbitrap MS or QeXactive MS. Bioinformatics and
statistical analyses were performed using Progenesis LC-MS software (v. 4.1), Mascot
software and the online database GiardiaDB. A. Total amount of proteins identified for
both MS techniques. B. Total amount of proteins in Giardia pellet and supematant via the
Orbitrap MS. C. Total amount of proteins identified in Giardia pellet and supematant via
QeXactive MS. Data represents three independent experiments.

A.

Total number of proteins

Giardia isolate identified
Orbitrap  QeXactive
G5 1,151 1,542
wB 1,219 1,641

Total number of proteins

Giardia isolate identified for Orbtirap MS
Pellet Supernatant
G5 1,100 689
WB 1,184 461

Total number of proteins
Giardia isolate identified for QeXactive MS

Pellet Supernatant
G5 1,515 973
wB 1,617 514
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correlation test. This test showed that the two datasets were poorly correlated and
could not be exploited together to investigate Giardia trophozoites secretion
profile. As for the previous dataset, the different datasets were compared via a
Spearman correlation test (Fig 4.12). The previous and new datasets were shown to
be poorly correlated. The new orbitrap datasets showed a high correlation within
assemblages and between them. The QeXactive datasets were also highly
correlated (Fig 4.12). This suggests that the protein datasets obtained from the new
Giardia replicates were exploitable for the study of Giardia protein secretion profile
but not the first sets of data which were excluded from the analysis. The new
Orbitrap and QeXactive datasets were however analysed separately. The fact that
they had a higher correlation between techniques than the first datasets but high
enough may have skew the analysis if the datasets were merged. For both dataset,
proteins most likely to be secreted were identified and then data were merged and

compared to verify analysis (Chapter V).
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Fig 4. 12: Protein expression profile for Giardia assemblage A and B. Both GS and WB
pellet (P) and supernatant (S) replicates were analysed via Orbitrap and QeXactive MS.
Supernatant protein expression profile are similar to each other within each assemblage, so
are pellet protein expression profiles. The correlation of these four new datasets was tested
via Spearman correlation tests (Appendix VIII). A. Protein expression profile for GS isolate
pellet and supernatant replicates. B. Protein expression profile for WB isolate pellet and
supernatantreplicates. Datarepresents three biological replicates.
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Quantitative identification of

the most abundant Giardia

trophozoite-secreted proteins.
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Glossary

Gene ontology: is the representation of a given gene and its product. The gene
ontology covers three domains:
» Cellular component which is the protein location in the cell
or in the extracellular environment
» Molecular function which is the elemental activities of the
gene product a molecular level, e.g.: catalysis
» Biological process which represents the sets of event with a
beginning and an end that are pertinent to the functioning of
integrated living units such as cell, tissues, organs and
organisms.
Lineage-specific protein: In this study, proteins were considered lineage-specific
when no orthologs were identified in either assemblage A (WB and DH isolates) or B
(GS isolate).
Orbitrap MS: lon trap analyser trapping ions in an orbital motion around the
spindle. It is part of the LTQ MS family.
QeXactive MS: Hybrid MS which combines a quadrupole mass filter and an Orbitrap
analyser.
Ratioed proteins: proteins identified in both pellet and supernatant for which a
supernatant: pellet ratio was obtained.
Signal peptide: Short peptide, 5 to 30 AAs long, present at the N-terminus of most
of the newly synthetized proteins that are destined towards secretory pathways
(Blobel and Dobberstein, 1975).
Transmembrane domain: any three-dimensional protein structure that is
thermodynamically stable in a membrane. Most TM are single a helixes of usually

20 AAs (Sharpe et al., 2010).
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5.1/ Introduction

Proteins are the most abundant of the cellular macromolecules. They are
involved in many cellular functions such as enzymatic reaction, transport of
molecules across membranes and the conservation of cellular cytoskeletal
structures (Lodish et al., 2000). The proteome, which represents the cell’s
repertoire of proteins, is the final product of genome expression and comprises all
the proteins present in the cell at a particular time. The copy numbers of individual
proteins can highly vary within a cell; from less than 20,000 per cell to 100 million
copies. Most of the abundant proteins are found in every eukaryotic cell type
suggesting a specific housekeeping function for these abundant proteins in all
eukaryotic cells (Brown, 2002).

Proteomics attempts to study biological processes by the systematic analysis
of the proteins expressed in cells, tissues, organisms or sub-cellular fractions under
a given set of conditions at a specific time point (Steuart, 2010, Aebersold and
Goodlett, 2001). Tools for proteomics have been available since 1970; however, its
true potential has only been shown within the last decade. In particular, the
advances made in genomics and computational biology have permitted to develop
and explore in depth proteomes (Steuart, 2010, Aebersold and Mann, 2003). The
different techniques used in proteomics concentrate on separating proteins and
then on identifying them. Thanks to its ability to detect and identify individual
proteins from whole cells, proteomics has allowed the investigation of pathogenic
organisms such as protozoan pathogens (Wastling et al., 2009). Indeed, proteomics
can be used to identify key proteins within organisms providing insight for
taxonomy, cell biology, pathology, host-pathogen interactions, secretion profile and
towards the identification of potential new drugs/targets.

Most of the proteomic studies so far reported using Giardia were
undertaken in trophozoites undergoing encystation (Wampfler et al., 2014, Faso et
al., 2013, Lingdan et al., 2012). Only a few studies have focused on proteins
secreted by Giardia and their role in the host-pathogen interaction (Table 5.1)
(Cotton et al., 2014, Ringqvist et al., 2008, Roxstrom-Lindquist et al., 2006). These

studies were focused on parasite interaction with intestinal cell lines. No studies
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have yet attempted to quantify proteins which are the product of steady state
secretion by healthy, growing Giardia trophozoites and which were hypothesized as
the primary mediators of giardiasis pathology in this analysis.

The aims of this study were:

l. To identify, to the limit of existing technology, the proteins expressed
by populations of healthy, growing human infective Giardia
trophozoites

Il. To further identify which of these proteins are released by healthy
growing populations of human infective Giardia trophozoites

Il To provide quantitation or the relative abundance and strain specific
expression of trophozoite proteins from two human infective
assemblages.

V. To provide quantitation of the relative abundance of retained and
released proteins for both assemblages.

V. To evaluate the specific enrichment of released proteins in order to
describe which are secreted by trophozoites of each assemblage.

VI. To compare the secreted proteins of each assemblage to identify
secreted proteins which are conserved in both assemblages and
secreted proteins which are assemblage-specific.

Briefly, the genome reference strain for each of the human infective Giardia
assemblages was cultured, WB for assemblage A and GS for assemblage B. Giardia
trophozoites were taken from cultures under standard conditions and harvested
during the midlog phase of their growth curves. Trophozoites were washed 3x in
PBS and then incubated in non-supplemented DMEM for 45 minutes at 37°C. After
incubation, trophozoites and supernatant were separated by centrifugation; and
both trophozoite pellet and supernatant were harvested. Supernatants and pellets
were sent to the Institute of Infection and Global Health at the University of
Liverpool for mass spectrometry analysis. Proteins contained in supernatant were
concentrated in Vivaspin columns with 25 mM Ambic. Proteins were digested and
passed through the Orbitrap MS and the QeXactive MS. Once samples had run
through both Orbitrap MS and Qexactive MS, and peptides matched to their

proteins on GiardiaDB.org, abundances were normalised against the reference run

191 | Page



Chapter V

s||92 |eurisaul Ag uoponpoad 10

i _UW
800Z "I 13 151AbsUlY ON pUE 5|ang| mC_C_W._m [EUlIS=3Ul Jo uonoanpsy

aQ07 r_m 1= mmu.c_mjn_lmmsm_._ﬁ_um

{900¢ “|= 12 1sInbpuljwonsxoy (g00Z “Je 1= 15mbBury
800¢ “|e 13 1smbBury QN pue sjaaz| sululdie [eunsaqul Jo uononpay ay

S0URJEP SIEUU] 150U JO UCREISYY

800z “|e 1= 1smbBury pRUILLEIEpUN sspjouz

asuodsal Adojewwe|jui-oid 1504 Jo uollenuaye
FTOZ |8 1@ uono)
o1 Suipea) g-71 |euns=1ul jo uonepeidag aspazoud ay11-g wisdayio

S20U34343Yy uoijaung J030E} Saua|ndip

*suoioesalul uasoyied-1soy ay} ui 3jod e aney 0} pasodo.d spuereuladns Ul punoy si03oey PIPIDID J0 IS T °S d|qel

192 |Page



Chapter V

by Progenesis LC-MS which highlights differences in protein expression between
control and treated samples with support from statistical analysis calculated by
Progenesis LC-MS software (Jackson et al., 2014). For a more reliable abundance
not influenced by the size of proteins, an “intensity based absolute quantification”
(iBAQ) number which represents the number of theoretically observable peptides
in a protein based on an in silico digestion was determined (Schwanhausser et al.,
2011). The average normalised abundance was then divided by the iBAQ values
giving the Expression-iBAQ and datasets were then further analysed

bioinformatically.

5.2/ Giardia trophozoite proteome

5.2.1/ QeXactive MS is more sensitive than Orbitrap MS

The results obtained from GS pellet (P), GS supernatant (SP), WB P, WB SP
datasets using two distinct proteomics systems were compared. For the Orbitrap
MS system 1,100 pellet and 690 supernatant proteins were identified in GS and a
total of 1,184 pellet and 461 supernatant proteins in WB. Furthermore, 639 GS
proteins were identified in both pellet and supernatant, 51 only in supernatant and
461 only in pellet giving a total of 1,151 GS proteins identified (Fig 5.1 A.). Similarly
426 WB proteins were present in both pellet and supernatant, 35 only in
supernatant and 758 proteins only in pellet for a total of 1,219 WB proteins
identified via Orbitrap MS (Fig 5.1 B.).

For QeXactive MS, 1,515 GS pellet proteins and 973 GS supernatant proteins
were identified compared with 1,617 WB pellet and 514 WB supernatant proteins
(Fig 5.2). Thus, both strains gave comparable and consistent results by both
techniques with the sensitivity of detection being roughly 1.5 times greater for
QeXactive MS and a range of detection which spanned 5 logs. Almost all of the
proteins identified by use of the Orbitrap MS were also identified by the QeXactive
MS, and in total the two techniques identified 1,587 GS proteins and 1,690 WB
proteins (Fig 5.3). This represents over a quarter of the open reading frames (ORFs)
predicted by the respective genomes in this single life-cycle stage under this steady

state set of conditions (Jerlstrom-Hultqvist et al., 2010).
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A. AssemblageB (GS)

51 639 461

[[]Supernatant (690 proteins)
[CIPellet (1,100 proteins)

B. Assemblage A (WB)

35 426 758

[[]Supernatant {461 proteins)
[[Iprellet {1,184 proteins)

Fig 5. 1: Pellet and supernatant common proteins identified via Orbitrap MS. A. 639
proteins were identified in both supernatant and pellet for GS isolate, 51 and 461 were
identified only in supernatant and pellet respectively. B. 426 proteins were identified in
both pellet and supernatant for WB isolate, 35 and 758 proteins were present only in
supernatantand pelletrespectively. Datarepresents three biological replicates

194 |Page



Chapter V

A. Assemblage B (GS)

27 946 569

[[]Supernatant (973 proteins)
[CJPellet (1,515 proteins)

B. Assemblage A (WB)

24 490 1,127

[[]Supernatant (514 proteins)
[[IPellet (1,617 proteins)

Fig 5. 2: Pellet and supernatant common proteins identified via QeXactive MS. A. 946
proteins were identified in both supernatant and pellet for GS isolate, 27 and 569 were
identified only in supernatant and pellet respectively. B. 490 proteins were identified in
both pellet and supernatant for WB isolate, 24 and 1,127 proteins were present only in
supernatant and pelletrespectively. Datarepresents three biological replicates.
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A. Assemblage B (GS)

436

[]Orbitrap (1,151 proteins)
[CJQeXactive (1,542 proteins)

B. Assemblage A (WB)

471

[C]Orbitrap (1,219 proteins)
[CJeXactive (1,641 proteins)

Fig 5. 3: Orbitrap and QeXactive common proteins for each Giardia isolate. A. 1,587
proteins were identified in total via both MS techniques for GS isolate. 1,106 proteins were
present in both datasets, 42 and 439 were identified only via Orbitrap Ms and QeXactive
respectively. B. A total of 1,690 proteins were identified for WB isolate via both MS
techniques. 1,170 proteins were present in both dataset, 44 and 471 proteins were
identified onlyin Orbitrap MS dataset and QeXactive Ms datasets respectively.
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In total 1,542 GS proteins and 1,641 WB proteins were identified by
QeXactive MS (Fig 5.3). Of these, 946 GS proteins were present in both pellet and
supernatant, 45 GS proteins in supernatant only and 436 GS proteins in pellet only.
By comparison 490 WB proteins identified in supernatant and pellet, 24 WB
proteins in supernatant only andl, 127 WB proteins in pellet only. So, although both
assemblages showed similar numbers of proteins identified overall, a greater
proportion of proteins were identified in the supernatant of GS than of WB.

All these results suggest that QeXactive MS is a technique more sensitive
than Orbitrap MS. Therefore, for the rest of the study, the data were presented
according to their QeXactive supernatant abundance for a simplified and clear

organisation of the results.

5.2.2/ Assemblage-specific expression of trophozoite proteins

Results showed that roughly 61 % of GS and WB proteins identified were
functionally or structurally annotated in the genomic databases. Between 36 and
37% of proteins were annotated as hypothetical and only 2-3 % of annotated
proteins were found to be specific to each strain (Fig 5.4 A., 5.5 A.). Most proteins
identified were annotated proteins with syntenic orthologs in both assemblages
which represent the single best hits in reciprocal blasts of the two genomic
databases and occupy equivalent genomic locations. For the four datasets, proteins
were matched to their orthologs in Giardia assemblage A (WB and DH isolates) and
B (GS isolate) using the online database GiardiaDB (as stated in Chapter II, section
2.4, Fig 2.4 A and 2.5). Their signal peptide (SignalP) and transmembrane domain
(TM) and MW were also obtained from GiardiaDB. The orthologs of roughly three
quarters of the proteins were found in the proteomes of both strains.

For annotated proteins, over 85% of orthologs were identified in both
assemblages. For hypothetical proteins this fell significantly to approximately 75%. 1
% of GS and 3% of WB hypothetical proteins were identified only for their own
assemblage. Less than 1% of proteins identified in GS datasets recognised orthologs
in sub-assemblage A2 (DH isolate) genome but not in the WB isolate (Fig 5.4 B., 5. 5
B.).
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Fig 5. 4: Proportion of GS isolate hypothetical, lineage-specific and annotated proteins
shared with assemblage A (WB and DH isolates). Protein orthologs were defined using
gene synteny information on GiardiaDB.org. A. 1,587 proteins have been identified in total
in assemblage B dataset via both MS techniques, 585 proteins (37 %) are uncharacterised
hypothetical proteins (induding some lineage-specific proteins), 974 (61 %) are annotated
proteins that are orthologous to assemblage A, and 29 (2 %) are annotated assemblage B-
spedfic proteins. B. 1,323 proteins are also identified in WB isolate dataset as orthologs,
218 proteins have known orthologs which were either not induded in the proteomics
dataset cut-off or were not identified, 11 proteins have assemblage A2 orthologs known,
and 35 are assemblage B-specific proteins. Datarepresent three biological replicates.

198 | Page



1400

1200

1000

600

200

3%

orthologs

proteins

ChapterV

i Hypothetical protein

H Annotated proteins with

i Lineage-specific annotated

WB isolate proteins with
(5 isolste ortholog
identified in GS dataset

WB isolate proteins with
(5 isolate ortholog not
identified in GS dataset

- S

Lineage-specific proteins

HAnnotated proteins

881

152

55

@ Hypothetical proteins

444

139

19

Fig 5. 5: Proportion of WB isolate hypothetical, lineage-spedfic and annotated proteins
shared with assemblage B (GS isolate). Protein orthologs were defined using gene synteny
information on GiardiaDB.org. A. 1,690 proteins have been identified in total in assemblage
A dataset via both MS techniques, 602 proteins (36 %) are uncharacterised hypothetical
proteins (induding some lineage-specific proteins,) 1,033 (61 %) are annotated proteins
that are orthologous to assemblage A, and 55 (2 %) are annotated assemblage A-specific
proteins. B. 1,326 proteins have also been identified in GS isolate dataset as orthologs, 290
proteins have known orthologs which were not included in the proteomics dataset cut-off
or were not identified, and 74 proteins are assemblage A-specific proteins. Data represents
three biological replicates.
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Comparison between the WB and GS proteomes identified VSPs, high cysteine
membrane proteins (HCMPs), NEK kinases, and hypothetical proteins as the major
classes of lineage-specific proteins (Tables 5.2 and 5.3). A few of the GS isolate
proteins were also shown to have an ortholog in DH isolate (sub-assemblage A2)

but not in WB isolate (Table 5.2).
5.3/ Proteins secreted by healthy trophozoites during

logarithmic growth.

Others have observed high levels of abundant cytoplasmic house-keeping
proteins released into media by cultured trophozoites (Skarin et al., 2011, Ringqvist
et al., 2008), whether this represents an inherent leakiness, or subpatent levels of
cell death in cultures is not clear but for this study it was reasoned that although
the levels of such proteins could be high, the levels could never be enriched in the
supernatants compared with the levels present in the cells. Thus, by comparing
normalised concentrations for each protein found in the supernatant with that
found in the cell, it was reasoned that the highest level of enrichment would be of
those that were truly secreted and those expressed on the external face of the
parasite surface and then clipped or shed. It was realised, though, that very soluble
highly abundant cytosolic proteins would be present at higher levels than insoluble
cytoskeletal proteins or proteins associated with internal membrane systems, that
guantitation was likely to be less robust for proteins expressed at low
concentrations which might limit the identification of proteins secreted at very low
levels and that some biases might exist to make some proteins more readily
detectable than others.

To evaluate supernatant enrichment, proteins identified in the SP datasets

were gathered and compared to their concentration in the pellet to provide a ratio

SP Expression

using the following formula: . These proteins were then ranked from

P Expression

highest to lowest ratio and an arbitrary cut-off invoked such that the top 50 were
considered as the most likely to be secreted. Proteins identified only in SP were also
included in the analysis as most likely to be secreted. All the proteins selected as “of

interest” were ranked according to their SP expression from most to least abundant
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to obtain a quantitative secretion profile for each isolate and this was performed
for each MS technique. Orbitrap and QeXactive secretion profile datasets were
compared within isolate. Proteins were considered as most likely secreted when
identified as such by QeXactive MS and confirmed by Orbitrap MS. The different
secretion profiles were also compared between isolates to look for commonalities
and determine which proteins may be “conserved” rather than “strain-specific”
secreted factors.

The results showed a set of 15 proteins that were identified in both isolates
by both techniques (Table 5.4). One protein was identified as annotated in GS
isolate and hypothetical in WB isolate (GL50581_ 4180 Tenascin, GL50803 113038
Hypothetical protein). Apart from this protein, 11 proteins were annotated and
identified with the same ortholog. These annotated proteins were mostly
represented by Tenascins and Cathepsin B precursors. One VSP was also identified
as secreted by both isolates, and an extracellular nuclease. Three proteins were
hypothetical proteins. The five most abundant, secreted proteins appeared to be
the same in both isolates: a hypothetical protein, followed by two Tenascins, a
Cathepsin B precursor and another Tenascin (Table 5.4). Below the fifth most
abundant conserved proteins, proteins appeared to have a greater variation in their
SP abundances.

Within GS dataset, 31 proteins appeared to be most likely secreted;
including the 15 conserved secreted proteins (Table 5.5). 23 proteins had an
ortholog in WB isolate, 2 were ortholog to sub-assemblage A2 DH isolate, and 6
proteins were lineage-specific. 23 of these proteins were annotated and 8 hitherto
hypothetical proteins. Most of the proteins secreted by GS isolate appeared to be
VSPs and Tenascin precursors. Within WB dataset, 44 proteins appeared to be most
likely secreted by trophozoites, including the 15 conserved secreted proteins (Table
5.6). 34 were orthologous to GS isolate proteins and 10 were lineage-specific. 36
proteins were annotated and 7 were hitherto hypothetical proteins. More Giardia
protein families were represented in WB isolate secretion profile than in GS isolate.

Interestingly, the five most abundant conserved secreted proteins were also
present in the top 10 secreted proteins amongst other VSPs, Tenascins, and

Cathepsin B; and this regardless of the MS technique or the isolate. All these
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results suggest that Giardia GS and WB isolates secrete mostly Tenascins, VSPs,
Cathepsin B, HCMPs and hypothetical proteins. This also suggests the potential key
role of these proteins in the early host-pathogen interactions; and particularly for
the Cathepsin B, three Tenascins and the hypothetical proteins that are closely

related.

5.4/ Discussion

Giardia trophozoites have been shown to release a Cathepsin B-like
protease, Enolase, ADI and OCT upon interaction with host intestinal epithelia
(Cotton et al., 2014, Ringqvist et al.,, 2008, Roxstrom-Lindquist et al., 2006).
However, which proteins were actively secreted by the parasite has not previously
been explored. In this study, Giardia trophozoites were shown to secrete primarily
Cathepsin B proteins, High cysteine membrane proteins (including Tenascins and
VSPs) and Hypothetical proteins. In each case the encoding loci are genetically
polymorphic between isolates and a number of lineage specific features are present
which could be exploited for strain specific identification and which could be

directly associated with virulence.

5.4.1/ Giardia Cathepsins B family

In this study, the Giardia Cathepsin B (GCATB) family was shown to contain
secreted and non-secreted trophozoite expressed proteins. Fourteen GCATBs were
identified within GS and WB proteomes and secretomes, their coding genes were
retrieved from GiardiaDB and aligned on ClustalW to assess their sequence
similarity scores. A phylogenetic tree was also built by maximum likelihood
approach using MEGA software (v 6.06) to determine their relationship (Table 5.7,
Fig 5.6). Ten of the proteins were shown to be orthologs; four pairs of orthologs
were part of the conserved secreted proteins. The last pair of orthologs and two
GS-specific GCATBs were identified in the proteomes as non-secreted (Fig 5.6).

The two non-secreted GS lineage-specific GCATBs appeared to be near
identical duplicates of the same gene; however, whether they are tandem repeat as
might be expected is not clear as they do not seem to be located on the same

contig of the genome assembly and their chromosome locations are unassigned. So,
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this may bear further consideration; particularly as it represents a substantial and
recent cladistic feature which could be used to discriminate the assemblage B
lineage. Four pairs of GCATB orthologs were conserved secreted factors and
comprised closely related orthologs (Fig 5.6). Two GCATBs were secreted by WB
isolate only; one of these was closely related to one of the conserved GCATBs
orthologous pairs and may represent another example of gene duplication and
divergence. The other WB secreted GCATB appeared to be most orthologous to the
two near identical non-secreted GS GCATBs previously mentionned.

Cathepsins B are Cysteine proteases that are involved in several Giardia
pathogenicity processes such as encystation, excystation, attachment to the host
intestinal epithelia and the degradation of mucin, intestinal IL-8 and degradation of
intracellular junction (Table 5.1) (Cotton et al., 2014, DuBois et al., 2008, DuBois et
al., 2006, Rodriguez-Fuentes et al., 2006, Ward et al., 1997, Paget and James, 1994).
Cysteine proteases tend to differ not in substrate specificity but may in terms of
activity, compartmentalisation, stability, environmental resistance, conditional
optima, partner proteins and so forth. That several GCATBs appear to be secreted
by growing trophozoites from both Giardia isolates suggests that different GCATBs
may be responsible for different functions and perhaps even different pathogenic
effects. Moreover, that ortholog proteins remain closely related suggests
preservation of function between isolates. Interestingly, two GCATBs shared
between the two isolates were only identified in WB secretome. The fact that these
two proteins appear not to be secreted by GS isolate trophozoites suggests a
potential mechanism by which the two isolates might vary in terms of
pathogenicity, and also that some environmental changes may be needed to trigger
the secretion of the non-secreted GCATB orthologs in GS isolate. Finally, the genetic
heterogeneity of these proteins between assemblages is generally high compares
with other proteins (50 to 80 % similarities, Table 5.7). As GCATBs are likely to be
the primary mediators of pathology, it is to be expected that intra-assemblage
variation in sequence will be evident and that this may vary with the virulence
characteristics of the strains. Further testing of more and less virulent clinical
isolates is warranted to validate these GCATBs as markers for upstream use in the

characterisation and discrimination of Giardia strains.
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Table 5.7: Sequence similarities of the genes coding for the Cathepsin B proteins
identified in GS and WB isolate proteomes via Orbitrap and QeXactive MS. Proteins
identified as secreted in both isolate are represented in blue, proteins identified as
secreted in WB isolate only are represented in orange, and proteins present in proteomes
but not as secreted factors are shown in black. Orthologs are shown in bold. All the
GL50581_ accession numbers represent GS isolate proteins and all the GL50803_ represent
WB isolate proteins. Similarity scores were assessed via ClustalW (Appendix X).

i Giardia
Giardia  ““®*"°"  ength (bp) Isolate Name Length (bp) Score (%)
Isolate number target
G5 GL50581_20326 921 WB GL50803_15564 099 78.18
G5 GL50581_2318 930 60.8
WB GL50803_17516 927 58.03
G5 GL505381_438 918 54.79
WB GL50803_16468 918 57.73
G5 GL50581_2946 891 61.39
WEB GL50803_16160 1083 61.45
GS GL50581_78 897 64.88
WE GL50803_16779 897 63.1
GS GL50581_159 912 58.22
G5 GL50581_3619 912 58.66
WE GL50803_15564 999 G5 GL50581_2318 930 55.81
WB GL30803_17316 927 58.30
G5 GL50581_438 918 56.64
WB GL50803_16468 918 57.3
(E1] GL50581_2946 891 59.6
WEB GL50803_16160 1083 61.26
G5 GL50581_78 897 64.88
WB GL50803_16779 897 64.44
GS GL50581_159 912 61.18
(E1] GL50581_32619 912 61.07
GS GL50581_2318 930 WB GL50803_17516 027 77.24
G5 GL505381_438 918 53.27
WB GL50803_16468 918 53.49
G5 GL50581_2946 891 58.25
WEB GL50803_16160 1083 56.99
G5 GL305381_78 897 58.80
WB GL50803_16779 897 54.74
GS GL50581_159 912 60.86
G5 GL50581_3619 912 60.64
WE GL50803_17516 927 G5 GL50581_438 918 55.66
WB GL30803_16468 918 535,12
G5 GL50581_2946 891 56.68
WB GL50803_16160 1083 56.85
G5 GL50581_78 897 59.09
WB GL50803_16779 897 58.19
G5 GL50581_159 912 60.53
G5 GL50581_3619 912 60.86

213 | Page



End of Table 5.7:

G5

WE

G5

WE

G5

WE

G5

GL50581_438

GL50803_16468

GL50581_2346

GL50303_16160

GL305381_73

GL50803_16773

GL50581 159

918

918

891

1083

897

897

912

WE
G5

WB
G5

WE

G5
G5
G5
WE
G5
WE

G5
G5
Wwe
G5
WE

G5
G5
G5
WE
WE
WE
G5
G5
WEB

G5
G5

G5
G5

G5
G5
G5
G5
G5

GL502802_16468
GL50581 2946
GL50803_16160
GL50581 78
GL50803 16779

GL30581_159
GL30581_3619
GL30581_2946
GL30803_16160
GL50581_73
GL50803_16779

GL30581_159
GL50581_3619
GL50802_16160
GL50581_73
GL50803_16779

GL30581_159
GL50581_3619
GL50581_73
GL50803_16779
GL30803_14019
GL30803_10217
GL30581_159
GL30581_3619
GL50802_16779

GL30581_159
GL30581_3619

GL50581 159
GL50581 3619

GL50581 159
GL30581 3619
GL30581 159
GL50581 3619
GL50581 3619

Chapter V

018
891
1083
897
8597

912
912
891
1083
897
897

912
912
1083
897
897

912
912
897
897
903
912
912
912
897

912
912

912
912

912
912
912
912
912

79.74
54.88
57.3
60.42
60.09

58.23
57.79
58.81
57.95
58.08
57.19

37.46
37.68
83.73
g4.31
63.86

38.92
38.47
62.32
85.44
65.45
37.35
39.93
38.35
84.84

02.21
61.87

61.65
62.65

61.13
61.13
76.86
76.75
99.45

214 |Page



Chapter V

o
g b
=] o~
® o &
\ o0 ¢§'J
= 3 N )
- N Nl R
- % v
81 29, & éga
6. % é?
*
03 A1
G\e0e T
Gls
058{ 7
*
N
[+
T~
o' &GL50581_159
& @
g 3
T
[- )]
e
L]
*
o] ()
& O
o g
=) P
v
— i:u ‘g
0.1 )
8 ’

Fig 5. 6: Phylogenetic tree of the Cathepsins B identified in GS and WB isolate proteomes.
Gene sequences were obtained from GiardiaDB, aligned using ClustalW. The tree was realised
by a Maximum likelihood approach using MEGA software (v 6.06) (Appendix X). All the
Cathepsin B proteins identified in the four datasets were included in the analysis. Proteins
identified as secreted in both isolate are highlighted in blue, proteins identified as secreted
only in WB isolate dataset are highlighted in orange, and proteins identified in proteomes but
not as secreted factors are highlighted in black. Ortholog proteins are shown by *.

All the GL50581_ accession numbers represent GS isolate proteins and all the GL50803
represent WBisolate proteins.
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5.4.2/ High cysteine membrane protein superfamily

Tenascins, VSPs and HCMPs together form the largest group of proteins
enriched in the Giardia SPs. These three protein families have been shown to be
rich in cysteine residues and to be either present at the surface of the parasite or as
extracellular matrix (Bedore et al., 2014, Ankarklev et al., 2010); genes coding for
these proteins were compared for similarities (Table 5.8). Interestingly, when
aligned and analysed phylogenetically, a clear pattern emerges with VSPs
segregated form Tenascins and HCMPS spanning the two groups (Fig 5.7).

VSPs are well characterised surface glycoproteins with transmembrane
domains TM, which are expressed one at a time by Giardia trophozoites through
RNAi regulated mechanism. They are quintessential virulence factors responsible
for antigenic variations as well as cell signalling, immune evasion, and potentially in
the protection against luminal proteases, oxygen and free-radicals (Table 5.1)
(Adam et al., 2010, Touz et al., 2005, Nash, 2002, Singer et al., 2001). VSPs are
hypervariable by nature and thus, it is to be expected that they do not form
orthologous pairs. This was the case for most of the VSPs observed in this study;
intriguingly though, a few proteins annotated VSPs were conserved between
isolates. This suggests that they are not actually VSPs and would not be subject to
“one at a time” control expression but are actually misannotated HCMPs which may
have a conserved function in both GS and WB isolates.

HCMPs are an enigmatic group of proteins with few associated functional
studies. They may protect trophozoites against proteolysis (Table 5.1) (Davids et al.,
2006, Nash, 2002). In other eukaryotes, and in keeping with the reductive potential
of cysteine itself, HCMPs have also been shown to protect against oxidative damage
which suggests that may have the same function in Giardia trophozoites (Requejo
et al., 2010). In Giardia, it appears that one lineage of HCMPs has given rise to the
VSPs whilst another has given rise to a group with high homology to mammalian
Tenascins.

Tenascins are characterised by the presence of epidermal growth factor
(EGF-) repeats and are able to act as weak ligands for EGF receptors. Mammalian

Tenascins are extracellular matrix proteins which modulate cell adhesion and
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migration (Chiquet-Ehrismann and Chiquet, 2003). They appear to have evolved
from a group of proteins specific to vertebrates, presumably co-evolving with the
EGF receptor (Chiquet-Ehrismann and Chiquet, 2003). Thus, the presence of
homologous proteins in Giardia evolving independently from HCMPs is a clear
example of the kind of convergent evolution best described as molecular MIMICRY
(Oldstone, 1998). The role of Giardia-secreted Tenascins has yet to be established,
but they are defined by the presence of EGF repeats and it is to be anticipated that
they will act similarly as weak ligands of the EGF receptor. The fact that several
types of Tenascins are secreted by Giardia trophozoites suggests that Tenascins
may have one or more functions in the host-pathogen interactions during Giardia
infection. While VSPs are hypervariable and do not have orthologs, Tenascins and
HCMPs showed low similarities between the orthologs that could be identified
suggesting that all these proteins were highly variable (Table 5.8). The phylogenetic
tree indicated that the conserved secreted proteins were more closely related to
their orthologs than the other proteins though they remain more variable than
most other orthologs (Fig 5.7). Interestingly, at least one syntenic set of Tenascin
orthologs showed more divergence from its ortholog than to other Tenascins.

It is likely that rather like the extended VSG family of Trypanosoma brucei,
the HCMP superfamily of Giardia contains multifunctional proteins with a range of
related contingency functions from immune evasion to resisting environmental
pressure to virulence and pathogenicity. The degree of variation between orthologs
in this group is the highest of any family and it is to be anticipated that they may be
good markers for strain discrimination and even source tracking. As with the
Cathepsin B family, the genes identified in this study warrant systematic
investigation as markers against a diverse range of clinically virulent and avirulent

Giardia strains.

5.4.3/ Secreted formerly hypothetical proteins (SFHPs)

One other annotation of proteins formed a substantial group of secreted
proteins, those encoded by reading frames annotated as hypothetical. Although
this study provides evidence that they are indeed expressed and indeed secreted,

there is no functional data associated with them and their roles are not clear.
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Table 5.8: Sequence similarities of the genes coding for the Tenascins, High cysteine
membrane proteins and VSPs identified as secreted in GS and WB isolate proteomes.
Proteins identified in both isolate are represented in blue, proteins identified in WB isolate
only are represented in orange, and proteins identified in GS isolate only are shown in
green. Orthologs are shown in bold. All the GL50581 accession numbers represent GS
isolate proteins and all the GL50803_ represent WB isolate proteins. Similarity scores were
assessed via ClustalW (Appendix XI). a: Tenasdn, b: High cysteine membrane protein, c:
VSP.

Name Length (bp) Name Length {(bp)  Score (%)

b GL50581 727 2058 b GL50803_7715 2049 70.28
b GL50581 3457 2205 41.69
a GL50581 4057 771 49.81
a GL50803_10330 Tia 50.26
a GL50581 4316 1503 43.91
a GL50803_8687 1515 44.55
a GL50581 3575 1749 43.22
a GL50803_16477 1749 44.14
a GL50581 1982 1719 441
a GL50803_95162 1719 43.05
c GL50581 2622 1245 48.35
c GL50803_12063 1245 47.95
c GL50581 1902 2772 44.07
c GL50581_3818 1836 41.83
c GL50581 3401 1149 50.91
c GL50581_572 2022 38.97
c GL50381 1 1224 46.24
c GL50581_2954 546 55.68

b GL50803_7715 2049 b GL50581_3457 2205 41.63
a GL50581_4057 771 49.03
a GL50803_10330 774 45.35
a GL50581_4316 1503 44.24
a GL50803_8637 1515 43.56
a GL50581 3575 1749 43.4
a GL50803_16477 1749 42.88
a GL50581 1982 1719 42.82
a GL50803_95162 1719 43.51
c GL50581 2622 1245 47.07
c GL50803_12063 1245 44.74
c GL50581 1902 2772 44.7
c GL50581_3818 1836 43.19
c GL50581 3401 1149 50.12
c GL50581_572 2022 39.17
c GL50581 1 1224 46.9

b GL50581_3457 2205
a GL50581 4057 771 47.47
a GL50803_10330 Tia 48.97
a GL50581 4316 1503 45.24
a GL50803_8687 1515 43.37
a GL50581 3575 1749 42.02
a GL50803_16477 1749 44.25
a GL50581 1982 1719 46.6
a GL50803_95162 1719 46.07
a GL50803_ 114815 1779 47.95
a GL50803_14573 1500 44.8
c GL50581 2622 1245 50.12
c GL50803_12063 1245 47.31
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Fig 5. 7: Phylogenetic tree of the Tenascins, VSPs and High cysteine membrane proteins
identified as secreted factors in GS and WB isolate proteomes. Gene sequences were
obtained from GiardiaDB, aligned using ClustalW. The tree was realised by a Maximum
likelihood approach using MEGA software (v 6.06) (Appendix Xl). Only the proteins present
in the different secretion profiles were included in the analysis. Proteins identified in both
isolate are highlighted in blue, proteins identified in WB isolate dataset only are
highlighted in orange, and proteins identified in GS isolate dataset are highlighted in green.

Ortholog proteins are shown by *. a: Tenascin, b: HCMP, c: VSP.
All the GL50581 accession numbers represent GS isolate proteins and all the GL50803
represent WBisolate proteins.
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Interestingly, alignment and clustering of sequences suggest that all eight of these
proteins show some degree of inter-relatedness. They fall into three sets of
orthologous pairs with similarity from 77.86 % to 88.64 % (Table 5.9). One
orthologous pair could be linked to the HCMP/Tenascin family and this may suggest
that all the hypothetical secreted proteins are actually extended members of this
group. Two lineage-specific proteins cluster with two of the three orthologous pairs
implying that they may have arisen by duplication and divergence of this group (Fig
5.8). As with the GCATB and HCMP families, the SFHPs of Giardia show substantial
heterogeneity between assemblages and are good candidate for intra-assemblage
strain discrimination which may warrant further testing against a range of clinical
isolates

A comparative genomic analysis between assemblage A, WB isolate,
assemblage B, GS isolate, and assemblage E, P15 isolate, identified 5,012 protein
coding genes of which approximately 90 % were shared between the three Giardia
isolates (Jerlstrom-Hultqvist et al., 2010). This correlates with the fact that over 90
% of the proteins expressed were shared between GS and WB lineages. This
suggests that a set of core genes may be common to all Giardia isolates and at the
origin of most of the protein expression occurring in Giardia trophozoites. In their
genome analysis, Jerlstrom-Hultgvist et al also identified 5, 31 and 38 protein
coding genes as WB-, GS-, and P15- specific respectively. The proteins identified as
lineage-specific in this study were compared to the WB- and GS-specific protein
coding genes from Jerlstrom-Hulqgvist and collaborator study to look for correlation.
Only two GS hypothetical proteins, GL50581 3192 and GL50581 2613, were
present in both studies as lineage-specific (Table 5.2). As previously stated, in this
Giardia proteome analysis, proteins with no defined orthologs in either assemblage
A (DH and WB isolates) or assemblage B (GS isolate) were considered lineage-
specific; therefore, these proteins were also compared to the protein coding
sequences shared between P15 and GS or P15 and WB (Table 5.2 and 5.3). None of
the lineage-specific proteins identified in this study were in Jerlstrom-Hultqgvist et al
study. This suggests that these two GS lineage-specific may allow further testing as
assemblage-specific markers and for discrimination of lineages within assemblage

B.
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Table 5.9: Sequence similarities of the genes coding for the hypothetical proteins
identified as secreted in GS and WB isolate proteomes. Orthologs are highlighted in bold.
Similarity scores were assessed via ClustalW (Appendix XII).

Mame Length (bp) Mame Length (bp) Score (%)
GL50581 2767 309 GL50803 5258 31 84.47
GL50581 4133 396 55.24

GL50803_5810 3906 55.34

GL50581_4180 1725 85.44

GL50803_113028 1725 8511

GL50581 352 453 55.60

GL50803 16522 453 53.72

GL50803_5258 321 GL50581 4133 396 51.09
GL50803_5810 396 51.71

5L50581_4180 1725 79.75

GL50803_113028 1725 85.98

GL50581 352 453 58.88

GL50803_16522 453 53.89

GL50581 4133 396 GL502802 5810 296 88.64
5L50581_4180 1725 81.06

GL50803_113028 1725 82.58

GL50581 352 453 48.23

GL50803_16522 453 45.96

GL50803_5810 396 GL50581 4180 1725 79.04
GL50803_113038 1725 84.85

GL50581 352 453 4.8

GL50803 16522 453 53.03

GL50581 4180 1725 GL50802_113038 1725 71.86
GL50581 352 453 80.13

5L50803_16522 453 77.26

GL50803_113033 1725 GL50581_352 453 76.6
GL50803 16522 453 79.91

GL50581 352 453 GL50803_16522 453 78.15

226 | Page



Chapter V

Fig 5. 8: Phylogenetic tree of the hypothetical proteins identified as secreted by GS and
WB isolate trophozoites. Gene sequences were obtained from GiardiaDB, aligned using
ClustalW. The tree was realised by a Maximum likelihood approach using MEGA software (v
6.06) (Appendix XIl). Only the proteins identified in both GS and WB isolates via both MS

techniques were included in this analysis. Ortholog proteins are shown by *.

All the GL50581 accession numbers represent GS isolate proteins and all the GL50803
represent WBisolate proteins.
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5.4.4/ Other Giardia-secreted proteins

5.4.4.1/ Other conserved Giardia-secreted proteins

When WB and GS secretomes were compared, 15 proteins were shown to be
conserved between the two secretomes, (Table 5.4). The five most abundant
conserved secreted proteins were the same hypothetical protein, Cathepsin B
precursor and three Tenascins in both isolates; which suggests that these proteins
may play an important role in Giardia secretory pathway. An extracellular nuclease
was also shown to be secreted by both Giardia isolates; this protein is also an
ortholog to assemblage E P15 isolate suggesting a function conserved between all
Giardia assemblages. In bacterial pathogens such as V. cholera and S. aureus,
extracellular nucleases have been shown to be involved in nutrient acquisition,
detachment from biofilms but also inhibition of biofilm initiation and evasion of
neutrophil extracellular traps (Kiedrowski et al., 2014, Seper et al., 2011). In
Trypanosomitidae, such as Leishmania, nucleases have been shown to be present at
the surface of the plasma membrane and involved in the salvage of preformed
purines from host sources (Gottlieb, 1989). Some studies have shown that the
importance of extracellular nuclease such as DNase in cystic fibrosis. Extracellular
DNases have been shown to reduce mucus thickness by cleaving nucleic acids
present in it (Harms et al., 1998, Brandt et al., 1995) which suggests that Giardia
extracellular nuclease may play a role in the degradation of mucin during infection.
Interestingly, bacterial extracellular nucleases have also been shown to have a
mucolytic activity during host-pathogen interactions (Sanders et al., 2007) which
suggests that giardial extracellular nuclease may also have a mucolytic activity. Yet,
its role in Giardia-host interactions requires further investigations.

Interestingly, a cyclin-dependent kinases regulatory subunit was shown to
be released by both Giardia isolates. Cyclin-dependent kinases (CDKs) have been
shown to be involved in the cell cycle progression and regulation; and, in
eukaryotes, CDKs are also implicated in the control of gene transcription.
Moreover, in complex cell cycles, they are acting as information processors

integrating extracellular and intracellular signals to ensure the smooth coordination
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of cell cycle events in the case of environmental change or mechanical failure
(Morgan, 1997); which suggests that CDKs may communicate with some surface
proteins. CDKs are regulated by CDKs regulatory subunits. Giardia CDKs regulatory
subunit has a high signalP suggesting this protein may be released in the
environment or present at the surface of the parasite. This protein may be acting as
transmitter of any environmental changes within the host intestinal lumen to CDKs
which will regulate the parasite cell cycle accordingly to this signal. This may allow
trophozoites to adapt to any environmental changes or may even be at the origin of
trophozoite encystation, as CDKs can regulate the gene transcription function.
However, the involvement of CDKs regulatory subunit in these different Giardia
processes has to be further investigated to confirm or refute these hypotheses.
Surprisingly, two proteins belonging to the phosphoglycolate phosphatase
family have been shown to be secreted by GS and WB isolate trophozoites. These
two proteins are both orthologs to a different phosphoglycolate phosphatase
within each isolate (Table 5.5 and 5.6). In plants and blood red cells, this enzyme is
responsible for the assimilation of oxygen and the affinity of Haemoglobin for
oxygen respectively (Rose et al., 1986). In chemoautotrophic organisms, this
enzyme participates in CO: assimilation (Shively et al., 1998). In E. coli,
phosphoglycolate phosphatase has been shown to be involved in DNA repair after
exposure to oxidative stress and also in the bacteria carbon metabolic process
(Teresa Pellicer et al., 2003). Being part of the carbon metabolic process, this
protein should be located within the cell cytoplasm; yet, in Giardia, proteomic
analysis suggests that it may be secreted. However, the proteomic analysis matched
only three and four peptides to these proteins indicating that the identification may
not be robust and the ratio obtained was not reliable. This along with the possibility
of a misannotation of these proteins suggests that the results should be interpreted

with care.

5.4.4.2/ GS lineage-specific secreted proteins

During this study, differences in GS and WB secretion profiles were noticed.
Indeed, some proteins appeared to be secreted in one isolate but only present as

non-secreted factor in the other isolate. Three proteins were secreted by GS isolate
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trophozoites: (i) A-type flavoprotein lateral transfer candidate, (ii) FixW protein, (iii)
Sentrin.

(i) A-type flavoprotein lateral transfer candidate has been shown to
have a high oxygen reductase activity during Giardia infection (Di Matteo et al.,
2008); this protein may be released in the host intestinal environment to scavenge
02 thus allowing Giardia trophozoites to survive in the small intestinal environment
and promoting its pathogenicity. This protein was also expressed in both pellet and
supernatant in WB isolate but to a very low abundance suggesting that GS isolate
trophozoites may be more sensitive to oxidative stress early in the infection.
Whether GS isolate trophozoites require A-type flavoprotein lateral transfer
candidate throughout the infection or just at the beginning remains unclear and
should be investigated. Moreover, whether WB isolate trophozoites only require
this protein when some drastic changes occur within the host intestinal lumen
occur alsorequires further investigation.

(ii) FixXW protein has been shown to be a redox sensor in non-
pathogenic bacteria such as Rhizobium leguminosarum (Martinez et al., 2004).
Redox sensors can detect hypoxia, nictric oxide or carbaon monoxide changes in
the bacteria environment; however, not a lot is known about FixW protein yet.
Another Fix protein, FixL, in M. tuberculosis has been shown to be involved in
environmental redox changes sensing and thus involved in M. tuberculosis
pathogenicity (Bhat et al., 2012). However, the role of this bacterial protein in
Giardia remains unclear. Moreover, FixW protein has a very low signalP suggesting
that this protein is unlikely to be secreted (Table 5.5). The fact that this protein has
been identified as secreted in GS isolate suggests a possible misannotation of this
protein in the database. Protein annotations are based on sequence homology with
other proteins that may be not closely related, thus leading to some wrong
annotation of proteins.

(iii) The last protein identified as most likely secreted by GS isolate
trophozoites is a Sentrin protein. Sentrin is a protein involved in the ubiquitination
of proteins to render them resistant to degradation (Kamitani et al., 1998). This
protein appears to be an evolutionary conserved protein as it has been identified in

prokaryotic and eukaryotic organisms such as S. cerevisiae, A. thaliana and Homo
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sapiens, which suggests that Sentrin may have a specialised function in cell
metabolism. Most of the proteins ubiquitinated by Sentrin appear to be located in
the cell nucleus, and the overexpression of this protein protects organisms against
tumour necrosis factor-induced cell death (Kamitani et al., 1998). Due to its role in
the ubiquitination of proteins, Sentrin was expected to be present in Giardia
trophozoite cytosol and not in its secretome. Why this protein would be secreted in
GS isolate remains unclear. What would be the advantages for Giardia GS isolate
trophozoites to secrete such a protein are also undetermined. Similarly to
phosphoglycolate phosphatase, the identification of this protein during the
proteomic analysis was not as robust as for the other proteins as only two peptides

were matched to Sentrin protein.

5.4.4.3/ WB lineage-specific secreted proteins

Six proteins were secreted by WB isolate trophozoites but not GS isolate
trophozoites: (i) Peptidyl-prolyl cis-trans isomerase B (PPIB) precursor, (ii)
Neurogenic locus notch protein precursor, (iii) Translation initiation inhibitor, (iv)
ATP-binding cassette (ABC) protein 5, (v) Peptide methionine sulfoxide reductase
(MsrB), (vi) CXC rich protein and (vii) Elongation factor 1-a (EF-1 a) (Table 5.6).

(i) PPIBs are conserved proteins that bind the immunosuppressive drug
Cyclosporin A with high affinity (Price et al., 1991). They are mainly located in the
ER but can be associated with secretory pathway and released in biological fluids.
PPIBs have been shown to be secreted by parasites such as T. gondii and N.
caninum to control the acute phase of both toxoplamosis and neosporosis (Bell et
al., 2006). It has been suggested that these proteins may play a crucial role in the
stimulation of interferon (IFN)-y. In this study, PPIB was shown to be present in
both P and SP with a SP : P ratio of approximately 0.3; which suggests that this
protein may not be released by the parasite. Or if released, perhaps to a very low
level when there are no host stimulus to enforce the parasite survival. Whether this
protein is released and has the same function as T. gondii and N. caninum PPIB
requires further investigation.

(ii) Neurogenic locus notch proteins are transmembrane proteins with

repeated extracellular EGF- domains and intracellular notch domains. In mammals,
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these proteins are part of an evolutionary conserved intercellular pathway that
regulates interactions between physically adjacent cells (Vardar et al., 2003). In
Schistosoma mansoni, Notch proteins may play major roles in pairing process,
proliferation, differentiation of vitelline cell, expression of female-specific genes,
embryogenesis and sexual reproduction (Morais et al., 2013, Loverde et al., 2007).
In this study, Neurogenic locus notch protein precursor was identified in both P and
SP with a SP : P ratio of approximately 0.6 suggesting that this protein is more
abundant within the trophozoites. In Giardia, this transmembrane protein was
shown to have a high signalP suggesting that if not secreted, this protein may be
present at the cell surface of trophozoites. This protein may be labile and easily
detach from the surface membrane which could explain why it has been identified
in high abundance in the supernatant too. What its role in Giardia is remains
unknown and should be further investigated.

(iii) Translation initiation inhibitors are proteins inhibiting the initiation
of the mRNA translation into proteins; therefore they should be located into the
cell cytosol (Malys and McCarthy, 2011). However, in this study, one translation
initiation inhibitor was identified as most likely secreted by Giardia WB isolate
trophozoites. This protein was abundantly present in both P and SP and with a low
SP : P ratio of approximately 0.5 which suggests that this protein may not be
secreted or released by the trophozoites. Why this protein is present in such
abundance in the SP is not known, over 15 peptides were present and matched to
this protein during the analysis. A misannotation in the Giardia database may be
plausible. However, another explanation would be the over-representation of this
protein in the supernatant due to its high solubility and stability suggesting the
adoption of a new role in Giardia as previously shown for ADI, OCT and enolase
(Ringgvist et al., 2008).

(iv) ABC proteins play a role in transducing the energy of ATP binding
and hydrolysis to a wide variety of physiological processes in all eukaryotic and
bacterial organisms. Most of them are associated with transport of substrates
across biological membranes. In many bacteria, ABC transporters play roles in
virulence and survival to various environments (Linton and Higgins, 1998). ABC

proteins possess two TM domains and a hydrophobic tail where it hydrolyses ATP
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which suggests that these proteins are more likely not being secreted (Dean et al.,
2001). However, some of the ABC transporters have been shown to be vacuolar in
plants (Jasinski et al., 2001). The fact that ABC protein 5 is more abundant in WB
isolate supernatant than pellet suggests that this protein may be released in the
external environment which is unexpected due to its two TM domains. Perhaps,
this protein is abundantly present in vacuoles in Giardia WB isolate and is involved
in some of the parasite resistance mechanisms as vacuolar ABC proteins observed
in plants (Jasinski et al., 2001). As with VSPs and HCMPs, this protein may be shed
into the supernatant and have an undetermined role in the host-parasite
interactions. Not all the functions of the ABC transporter family have been
understood yet, and require further investigations.

(v) MsrB catalyses the reduction of free and protein-bound methionine
sulfoxides to corresponding methionines (Kim and Gladyshev, 2004). The reduction
of protein methionine residues constitutes a mechanism for the scavenging of
reactive oxygen species (ROS) which are responsible for a fundamental innate
defence against pathogens in various host organisms (Kim and Gladyshev, 2004).
MrsB is an antioxidant protein that protect organisms from the cytotoxic effect of
ROS and therefore from cell death. MsrB has been shown to be crucial for the
virulence of Salmonella typhimurium and for the immune evasion of Schistosoma
mansoni (Denkel et al., 2011, Oke et al., 2009). This is a cytosolic protein which is
unlikely to be secreted. Similarly to Sentrin, only three peptides were matched to
this protein during the proteomic analysis indicating an unreliable ratio. This
suggests that this data should also be interpreted with care.

(vi) CXC rich proteins are proteins rich in cysteine residues. Giardia has
been shown to express various types of cysteine-rich proteins such as VSPs,
Tenascins and HCMPs. Another CXC rich protein family was identified in Giardia cyst
but also involved in the antigenic variation process in trophozoites (Davids et al.,
2006, Adam et al., 1992). Similarly to Tenascins, VSPs and HCMPs, these proteins
have a very high SignalP and only one TM domain suggesting that they may be
labile surface protein. CXC rich protein may be involved in the parasite escape from
the host immune system; however to what degree this protein is involved in this

immune evasion has yet to be determined. Moreover, CXC rich protein exists in GS
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isolate but was not identified as secreted in this study, what trigger the expression
and secretion of this protein at the surface of the trophozoite remains unclear and
should be investigated. Also, how different from VSPs are these proteins is
unknown and should be studied.

(vii) EF-1a is responsible for the enzymatic delivery of the aminoacyl
transfer RNAs (tRNAs) to the ribosome. This protein is normally located in the
nucleus. However, a study suggested that Giardia WB trophozoites may release EF-
la into the culture medium during in vitro growth (Skarin et al., 2011), which
correlates with the WB lineage-specific EF-1a identified as secreted in this study.
Many organisms have been shown to express EF-1a in excess, suggesting that this
protein may have some other functions (Condeelis, 1995). EF-1a was studied in the
context of pathogenicity and virulence for various micro-organisms. In H. pylori,
virulence factor CagA is translocated into the host cell and disrupts the epithelial
cell polarity (Tan et al., 2009). The secreted Leishmania EF-1a appears to down-
regulate host inflammatory cell signalling (Nandan and Reiner, 2005). In this
analysis, EF-1a was shown to be of high abundance, high stability and high solubility
suggesting that it might be over-represented into supernatants and be involved in
Giardia pathogenicity. However, it remains to be seen what role has EF-la as
secreted factor in giardial infection. Whether this protein is also released by Giardia
GS isolate later during infection or is only released by WB isolate trophozoites

throughout the infection requires further investigation.

5.4.4.4/ Discrepancy in Orbitrap and QeXactive datasets

Although various proteins have been identified by both MS techniques, a
few differences and inconsistencies were also observed within the isolate secretion
profiles obtained by Orbitrap and QeXactive MS (Data shown in Appendix IX). For
example, in GS secretion profiles, two different PDI5 were identified as the most
abundant secreted proteins. PDIs are enzymes located in the ER which catalyses the
formation and breakage of disulfide bonds between cysteine residues within
proteins as they fold (Wilkinson and Gilbert, 2004). PDI5 were excluded from the
analysis as two different PDI5 were identified in the two datasets, but whether or

not these proteins can be secreted or released by the parasite should be verified,
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especially considering their high signalP which suggests that PDIs may have the
potential to be secreted. Apart from PDI, in both isolate datasets, some proteins
present in the proteasome and some cytoskeletal proteins such as spindle pole
protein, B-tubulin, and Axonemal p66.0 were suggested to be secreted by either
the Orbitrap MS dataset or the QeXactive Ms dataset. This indicates that these two
datasets are best analysed together to increase robustness, as it has been in this

study.

5.5/ Summary

This study shows that both Giardia GS and WB isolate trophozoites have an
enriched proteome and that most proteins expressed are shared between isolates.
When the secretome analysis was performed, several proteins known to be
cytosolic and with low signalP were identified as secreted which suggests that more
proteins than expected may be misannotated within the databases used in this
study, GiardiaDB and Uniprot, and that a correction of these databases should be
done.

Although several proteins have been shown to potentially be secreted by
trophozoites, only seven candidates appear to be more likely secreted: (i) Cathepsin
B (ii) Tenascin, (iii) Hypotethical proteins, (iv) Extracellular nuclease; which were all
conserved between isolates or lineage-specific. (v) A-type flavoprotein lateral
transfer candidate identified in GS isolate, (vi) PPIB and (vii) EF-1a (lineage-specific),
which were both identified in WB isolate (Table 5.10). Four other families were
abundantly present in secretome but are known cell-surface proteins: VSPs,

HCMPs, CXC-rich protein and Neurogenic locus notch protein precursor.
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General discussion and Future

research.
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6.1/ General discussion

In this thesis, data has been provided to determine the secretion profile of
both Giardia assemblage A (WB isolate) and B (GS isolate) trophozoites from in vitro
culture (Table 6.1), and to illustrate the effects of Giardia-secreted factors on
intestinal cell morphology and on their main water and ion transporters. Giardiasis
and associated symptoms have been thought to be mainly caused by trophozoites,
at the site of infection. Therefore, most studies have focused on the effect of
trophozoites on intestinal epithelia. The data presented demonstrates that Giardia
trophozoites secrete proteins factors causing disruption of intestinal epithelia and
suggests that these secreted proteins may act as possible mediators of symptoms
even at distal points from the infection site.

Limitations in protein detection technology and the presence of exogenous
bovine and yeast proteins contained in the Giardia growth medium has meant that
the study of its secretion profile has hitherto been proved challenging. The data
presented in this thesis gives for the first time a secretion profile for both Giardia
GS and WB isolates and demonstrates that most Giardia-secreted protein families
are conserved between these two isolates suggesting a conserved mechanism of
pathogenesis. Future research should focus on the functions of these proteins in
the mediation of host-parasite interactions and on using these markers to elucidate

the Giardia secretory pathways.

6.1.1/ A Giardia supernatant free from exogenous proteins.

During in vitro growth, serum proteins such as BSA bind to the trophozoite
surface which interferes with the characterisation of the parasite secretome (Skarin
et al., 2011). Moreover, it indicates that serum proteins can affect detection. To
address these problems, | removed indicators and most of the exogenous proteins
from the Giardia culture media (Chapter IV). Nevertheless, | found that a high
number of giardial proteins were present in the in vitro growth supernatant and
that proteomic analysis was possible.

Chapter Il showed that Giardia growth media can affect cultured intestinal

cells, potentially biasing the results of the analysis. The use of an exogenous
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protein-free Giardia supernatant showed a lesser but still significant effect on
intestinal cells and their water and ion transporters. This data demonstrates how
factors released during Giardia growth can affect cultured intestinal epithelia,
suggesting that effects from Giardia-secreted factors on intestinal epithelia are best

investigated only in exogenous protein-free milieu.
6.1.2/ Disruption of intestinal cell morphology and

AQP3/CFTR translocation caused by Giardia supernatant

To understand the causes of giardiasis and giardial diarrhoea, various
studies have focused their investigations on the effects of trophozoite infection
(Cotton et al., 2011, Baldi et al., 2009, Yu et al., 2008, Buret, 2007, Troeger et al.,
2007, Roxstrom-Lindquist et al., 2005, Chin et al., 2002, Scott et al., 2002). Data
presented in this thesis shows shrinkage and ruffling of intestinal cells in presence
of Giardia supernatant for more than 8 hours suggesting a loss of turgidity in
intestinal cells; it also showed translocation of intestinal AQP3 and CFTR following
one hour incubation with the parasite supernatant suggesting that these two
intestinal transporters may be involved in the decrease of cell turgidity.

The loss in cell size and ruffling effect were assessed by measurement of

intestinal cell surface area and perimeter via Image J software and calculation of a

Perimeter

ruffling index using the formula: Assemblage B (GS isolate) may have

V(Surface area)
a greater inhibiting effect on the cell turgidity whereas assemblage A (WB isolate)
may cause more mucosal damage to the intestinal cells suggesting that these two
isolates may have different pathophysiologic effects on the host intestinal epithelia
(Chapter Ill). It is worth considering that the morphology assay was done manually
using Image J software which is susceptible to observer bias. The measurement of
the cell volume changes using fluorescence self-quenching or scanning conductance
ion microscopy (SCIM), which uses the increase of access resistance in a micro-
pipette in an electrolyte containing environment when it approaches a poorly
conducting surface to measure the ion efflux, would afford greater subjectivity and
potentially increase the intestinal water efflux disruption and therefore cell volume

changes occurring during incubation with parasite supernatant (Korchev et al.,
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2000). Attribution of the intestinal cell morphological changes observed to a
specific protein secreted by the parasite or to another parasite-derived factor was
not assessed in this thesis and should be further investigated. The nature and
identity of the soluble mediators involved could be investigated through the use of
size selection of filtration/fractionation of Giardia supernatant and by selective
deactivation/inhibition of possible identified proteins in the supernatants.

Intestinal AQP3 and CFTR were translocated after one hour incubation with
Giardia GS isolate supernatant and after eight hours incubation with Giardia WB
supernatant suggesting that assemblage B (GS isolate) may be more bioactive than
assemblage A (WB isolate) early in the infection. The translocation of AQP3 and
CFTR suggests that Giardia may secrete factors activating the translocation of these
transporters. Whether these transporters may be involved in the decrease of cell
turgidity and inhibition of Isc previously observed is not known and should be
investigated. The inhibition of these two transporters while repeating the intestinal
cell morphology study under the same conditions would either confirm or deny this
theory. Interestingly, the inhibition of intestinal cell electrophysiology using
chloride secretion inhibitors (DIDS and Gly101, Chapter |, section 1.5.4) implicates
CFTR directly in the disruption of intestinal epithelium homeostasis observed when
Giardia supernatants are applied. However, whether CFTR is involved in the
intestinal cell shrinkage or the decrease of cell turgidity was not directly tested and
should be further investigated. The quantification of this translocation was not
possible while using the fluorescent microscope. The use of a confocal XZ plane
imaging microscope and a peripheral stain as a cell shape marker to investigate the
density of vesicles close to the plasma membrane or flow cytometry would better
enable evaluation of the translocation effect. AQP3 and CFTR are two of the main
water and ion transporters in the intestine, along with SGLT-1. Yet, many more are
present on the apical side of intestinal cells and may interact with Giardia-secreted
factors. The use of probes for different ions such as potassium (K*), sodium (Na*), or
chloride (CI") to observe the intestinal ion transport during infection with Giardia
supernatant will give a better understanding of which intestinal transporter may be
involved in the host-Giardia-secreted factors interactions. As with morphology

assay, the possible Giardia-secreted factors involved in the translocation of
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intestinal transporters were not investigated in this thesis and should be performed
by deactivating proteins contained in Giardia supernatant and repeating the protein

translocation assays.

6.1.3/ Giardia secretion profile

Only four proteins have been proposed to be released and involved in
Giardia trophozoites pathogenicity so far; Arginine deiminase (ADI), Ornithine
carbamoyltransferase (OCT), enolase and more recently Cathepsin B-like protease
(Cotton et al., 2014, Ringqvist et al., 2008). Elongation factor 1-a (EF-1a) has also
been proposed to be released by trophozoites during in vitro growth (Skarin et al.,
2011). However, which proteins are secreted by Giardia trophozoites has not been
previously explored. This thesis demonstrates that various proteins are secreted by
Giardia trophozoites; 55 % of Giardia secretome is composed of proteins secreted
either by one or both isolates and the 45 % remaining are cell-surface proteins such
as VSPs and HCMPs (Chapter V) (Table 6.1). Interestingly, ADI, enolase and OCT are
present in both isolate pellet and supernatant as some of the most abundant
proteins but not as proteins most likely to be secreted by trophozoites. Their
presence in Giardia supernatant represents either a generalised “leakiness” of
some Giardia cells or arising from cell damage and patent levels of cell death. This
suggests that these proteins may not be secreted into the intestinal lumen by the
parasite but may still have a role in Giardia pathogenesis nonetheless, as previously

shown by Ringqgvist and collaborator.

6.1.4/ Conserved and lineage-specific protein secretion

6.1.4.1/ Identification of proteins secreted only by Giardia WB
or GS isolates

During the identification of putatively secreted Giardia trophozoites
proteins, five were shown to be secreted in a strain-specific manner. WB isolate
trophozoites secrete CXC-rich protein and Neurogenic locus notch protein
precursor, PPIB and one EF-la; and GS isolate trophozoite secrete A-type

flavoprotein lateral transfer candidate (Chapter V). These differences may go some
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way towards explaining differences in pathogenicity between GS and WB isolates

The coding genes of all the proteins have orthologs in multiple Giardia
genome strains (Fig 6.1) suggesting that these proteins may have evolutionary
conserved functions. Interestingly, EF-1a does not form an ortholog with GS isolate
but is shared by WB, DH and P15 isolates which suggests that assemblages A and E
share virulence factors that have not been acquired by assemblage B trophozoites.
This correlates with a previous genomic comparative study which showed that
assemblage A and B share 77 % genome sequence identity whereas assemblage A
and E share 87 % sequence identity (Franzen et al., 2013).

The fact that GS and WB strains release different proteins provide potential
explanation for differences in pathogenicity between the two assemblages; arising
from differences in host-pathogen interactions. This could explain the dissimilarities
of effect on intestinal cells observed in this thesis (Chapter Ill). Questions regarding
relative levels of activities as well as the trigger for the secretion of these proteins

by the different isolates during Giardia infection should be further investigated.

6.1.4.2/ Secretion of formerly Hypothetical proteins and a
conserved extracellular nuclease

The work presented shows that a substantial group of hypothetical proteins
and an extracellular nuclease are secreted by both GS and WB isolates.
Interestingly, conserved hypothetical proteins show some degree of inter-
relatedness (chapter V); their coding genes also show high sequence similarities
with their DH (assemblage A) and P15 (assemblage E) orthologs. This suggests
potentially conserved but yet unknown functions between the three Giardia
assemblages for these proteins. Interestingly, one hypothetical protein secreted by
WB isolate is a lineage-specific assemblage (Fig 6.1 B.). Although no syntenic
orthologs have been associated to it, this protein appears to have some degree of
relatedness with the HCMP super family and is therefore more likely to be a cell-
surface protein. This demonstrates the importance of a correct annotation of
proteins and genes when working on proteomics or genomics; further

investigations are required to verify this.
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solate

~ O\ P15isolate

WB isolate DH i

GS isolate

\WB isolate DH isolate

GS isolate 2\ P15 isolate

Fig 6. 1: Comparison of lineage-specific and orthologous proteins between assemblage B
(GS isolate), A (WB and DH isolate) and E (P15 isolate). Orthologs were matched using
GiardiaDB for the proteins identified as part of Giardia trophozoite secretome. Venn
diagrams show the proteins having an orthologs in either one, or more assemblages, or the
lineage-specific proteins. A. Orthologs and lineage-specific proteins located in the
trophozoite surface: CXC-rich protein, VSPs, HCMPs, Neurogenic locus notch protein
precursor. B. Orthologs and lineage-specific secreted proteins: Cathepsins B, Tenascins, A-
type flavoprotein lateral transfer candidate, PPIB, EF-1a and hypothetical proteins.
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The locus encoding for the extracellular nuclease is shared between GS
(assemblage B), WB and DH (assemblage A) and P15 (assemblage E) isolates and
highly conserved between these isolates strongly suggesting an evolutionary
conserved function. Although DH and P15 isolates possess the coding gene for this
protein, whether these two isolates also secrete this protein during in vitro growth
or require environmental modifications to trigger its secretion should be

investigated.

6.1.5/ HCMP super family

The HCMP superfamily is composed of Tenascins, VSPs and HCMPs. This
thesis shows that this group of proteins is the most enriched in Giardia
supernatant. VSPs being hypervariable, it is to be expected that they do not form
syntenic orthologous pairs. Some VSPs identified showed true lineage-specificity for
both GS and WB isolates as is to be expected from VSPs (Fig 6.1). This suggests that
most VSPs conserved between isolates are not actual VSPs but misannotated
HCMPs. The analysis of their function and encoding loci should determine what
these proteins really are. The true lineage-specific VSPs may be considered as
markers for specific Giardia strains and should be further investigated for a better
understanding of Giardia isolate-specific pathogenicity.

| have shown that the Tenascin group is one of the most secreted groups of
proteins by both Giardia GS and WB isolates. Transcript profiles during host-
parasite interactions for these proteins were retrieved from the GiardiaDB
database; and indicate that Tenascins conserved between GS and WB isolates have
a decreasing transcript profile during host-parasite interactions suggesting a
function in the early stage of the infection. These proteins also form orthologous
groups with Tenascins in DH isolate (assemblage A) and P15 isolate (assemblage E)
suggesting a conserved function in the early stage of giardial infection. Intriguingly,
the Tenascins secreted only by WB isolate trophozoites show the opposite profile,
their expression appears to increase throughout the infection. Similarly to the
conserved Tenascins, these proteins form orthologous pairs with DH and P15
isolates also suggesting a certain conservation of function. The question of the

secretion of these proteins by DH and P15 isolates trophozoites remains unknown

245 | Page



Chapter VI

and should be investigated. Furthermore, the mechanisms triggering the expression
and secretion of these Tenascins should be determined. Moreover, | observed a
high degree of variation between Tenascin orthologs making then potential good

markers for virulent and avirulent Giardia strains discrimination.

6.1.6/ Giardia Cathepsin B family

Along with the HCMP superfamily, the GCATB family contains some of the
proteins the most secreted by both GS and WB isolates. Similarly to the Tenascins,
their transcript profiles during host-parasite interactions were retrieved from
GiardiaDB. The expression of most of the GCATBs conserved between GS and DH
isolates increases during infection. This suggests that these proteins are required
throughout the infection. However, the expression of one conserved GCATB
decreases during infection suggesting that this GCATB may facilitate the attachment
to the host intestinal epithelia for both isolates. All but one conserved GCATBs are
also orthologous to Cathepsins B in DH and P15 isolates showing potential
conserved functions for these proteins in Giardia pathogenicity.

Interestingly, the GCATBs only secreted by WB isolate trophozoites show
either a constant transcript expression profile during host-pathogen interactions or
a very high transcript expression profile early in the infection which greatly
decreases later on during host-pathogen interactions. Here too, all GCATBs but one
form orthologous pairs with Cathepsins B in DH and P15 isolates showing a
potential mechanism by which these isolates may vary in term of pathogenicity.
Whether environmental changes may trigger the expression and secretion of these
proteins by the other isolates is not known yet and should be further investigated.

The genetic heterogeneity of these proteins between isolates is generally
low compared with their orthologs (75 — 99 % similarities, data not shown). This
suggests that GCATBs may have conserved functions between isolates. Yet, the fact
that some are secreted during in vitro growth in one isolate and not the others may
explain the variations in human pathogenicity between isolates. The question of
their secretion in the early stage of infection in DH and P15 isolates should be

investigated to verify if the secretion of several GCATBs is a pathogenic
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characteristic of WB isolates or is shared with sub-assemblage All and assemblage

E.

6.2/ Summary and future work

Despite the recent advances in Giardia genomic, proteomics and
pathogenesis, important questions still remain unanswered; including whether
these newly identified secreted proteins play a role in Giardia pathogenicity.
Further, the variation in protein secreted between isolates, and thus in
pathogenicity is far from being understood. Similarly, the effects of these secreted
virulence factors on host intestinal epithelia are still under debate and
investigation.

In this thesis, | have presented microscopic and proteomic data to identify
Giardia-secreted virulence factors and their effects on human intestinal epithelia.
Morphological changes were shown to occur after only 8 hours. Variations in
pathogenic effects on intestinal cells were also observed between the two Giardia
isolates which could be explained by the difference in GS and WB secretion profiles.
Yet, the question of these effects being caused by Giardia-secreted proteins could
not be answered during my studies and should be further investigated. In the
future, the use of inhibitors of targeted Giardia-secreted proteins will determine
which of these proteins are responsible for the morphological changes occurring in
intestinal cells during host-parasite interactions. Moreover, the use of “flat”
organoids as a model of small intestinal tissue (Jabaji et al., 2013) allowing the
inoculation on the apical side will give a better understanding of how Giardia —
secreted virulence factors cause the disruption of the intestinal epithelia.

This thesis has exploited proteomic data from Giardia and compared their
coding sequences to identify orthologs and sequence similarities. Several proteins
identified were either shown to be secreted or paired with orthologs, such as FixW
protein and VSPs respectively, when it should have not been the case. This
illustrates the pitfalls of genomic comparative analysis and gene predictions in
complete eukaryote genomes as it can lead to misannotation of proteins.
Unfortunately, this was the case for a few proteins in this analysis and shows the

importance of deeper analyses on these predicted features for annotated genes.
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Nevertheless, proteomic analysis of Giardia-secreted proteins showed interesting
results and potential new markers and mechanisms for Giardia pathogenicity.

In this analysis, proteins that are released and enriched to a substantial
concentration outside of human infective Giardia trophozoites have been
identified. It is most likely that these proteins are ones that have been classically
secreted or shed. Just three groups form the majority of these proteins: GCATBs
and the HCMP superfamily which encode known virulence factors and the SFHPs
which are an intriguing new group awaiting functional studies. The elucidation of
the SFHP group is likely to dramatically increase our understanding of the
pathogenic mechanisms underlying giardiasis at molecular level. The genes
encoding these proteins are among the most heterogeneous of all genes between
assemblages and their probable role in interaction with the host and luminal
environment ensure that their variation is likely to be associated with their survival
ability in the host and thus to virulence. Demonstration of the positive selection
pressure through examination of parameters such as dN/dS ratios should confirm
this. Correlation of variation within assemblages at these loci with strain virulence is
the essential next step for their use in diagnosis of virulent strains, risk assessment,
informing therapeutic options and disease prognosis.

In this thesis, | showed that an extracellular nuclease, GCATBs and Tenascins
were potentially involved in various pathogenic mechanisms (Table 6.1). The fact
that both extracellular nuclease and GCATBs can be involved in the degradation of
the intestinal mucus layers and that both GCATBs and Tenascins can be associated
with intestinal intracellular junction disruption suggests concerted action between
these proteins. Based on my analysis of the proteomic data, | propose a model of
pathogenic mechanism for Giardia-induced damage to the enteric epithelium and
by extension for giardiasis (Fig 6.2). The extracellular nuclease may contribute to
reducing the viscosity of mucus while GCATBs may degrade mucins and disrupt the
intestinal intracellular junctions. Lastly, Tenascins may be involved in maintaining
the intestinal cell separation by attaching to the EGF receptors present at the
surface of intestinal cells. Taken together overtime, this would lead to the apoptosis

of these disrupted cells which have become isolated in the epithelium. Further
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experimental investigations will be required to verify this as the mechanism of

pathogenesis by Giardia.
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Appendix I:

Part of this work has been presented at conferences:

Abstract:

1.

British Society of Immunology. June 2011. Norwich, UK. Enterocyte function
is compromised by a soluble mediator from Giardia. Audrey Dubourg, Suha
Al-Naimi. John Winpenny, Paul Hunter, Kevin Tyler. Poster presentation.
Third Seminar of European PhD students on Water and Health. June 2011.
Cannes, France. Enterocyte function is compromised by a soluble mediator
from Giardia. Suha Al-Naimi, Audrey Dubourg, John Winpenny, Paul Hunter,
Kevin Tyler. Oral presentation.

British Society for Parasitology meeting. April 2012. Glasgow, UK. Enterocyte
function is compromised by a Giardia-secreted mediator. Audrey Dubourg,
Suha Al-Naimi. John Winpenny, Dong Xia, Jonathan Wastling, Paul Hunter,
Kevin Tyler. Oral presentation.

Cell, Development and Biomedicine seminar. May 2012. Norwich, UK.
Giardia-released factors and their effect on enterocyte function. Audrey
Dubourg. Oral presentation.

Fifth International Conference on Anaerobic Protists. September 2012. Los

Angeles, USA. Enterocyte function is compromised by a Giardia-secreted
mediator. Audrey Dubourg, Suha Al-Naimi. John Winpenny, Dong Xia,
Jonathan Wastling, Paul Hunter, Kevin Tyler. Poster presentation.
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Appendix Il:

Paired t-test compared to controls for difference in length and width of
Caco-2 cells after incubation with different concentrations of Giardia
supernatant for 24 hours. A. Compared to incubation in DMEM. B.

Compared to incubation in TYI-S-33.

A.

Paired Samples Test

Faired Ciferences

85% Coniidence [nerval ef the
Diferance
Mean Std. Deviafion | Std. Error Mean Lower Lppsr t df Sig. {2-miled)

Pair 1 L_WB1.5000- L_DMEM -1.74710 402706 T23ZB -3.72473 - PEEEE 2418 0 0z2
Pair2 W _WB1.5000 -wW_DMEM 227032 4 10484 73725 -3.77559 - 76485 -3.078 0 004
Fair3d L WB1.250-L_DMEM -BA3813 401386 .T208T -10.10835 -7.16381 -11.88D 30 000
Fair4 W WB125D -W _DMEM -5R1503 324143 Rilivd 3 -T.D0BDD —4 B30T -8.586 30 000
Fair& L G51.5000-L CMEM -BE2TH 474548 E1404 -T.50624 -3 T485T 6157 i} 000
Pair&  W_G51.5000-W_DMEM -2B53TO 377306 THiz -4 34827 -1.26114 -3.520 ] o0
FPair7T L _TYv1533-L_DMEM -1.08222 558087 1.07515 -3.25223 112178 -1.007 ] az23
Pair8 W _Tv533- W _DCMEM -1.32853 372605 .T3055 -2 B2TES ATET4 -1.815 il 051
Fair® L GS51260-L CMEM -4 TB536 358534 T1E8T 823166 -3.30716 -6.681 30 000
Pair 10 W G51.250- W CMEM -2 AR4EZ 5 DEEET 81047 -4 24354 - 52508 -2 618 30 014
B.

Paired Samples Test

Faired DifErences.

85% Confidence Intenal of the
Difzrance
M=an 5d. Devistion | Std. Error Mean Lawsr Uppsr t df Big. {2-tail=d}

Pair 1 L_WE1.5000- L_Tv1532 -5T888 4 57805 BROGE -2785M 82123 -1.112 i} 27T
Pair2 W _WB1.5000 -wW_T¥533 -51148 342727 [BEIEE -22ETET 44430 -1282 i} ATS
Fair3d L WB1.250-L_Tv533 -7.45T41 4.7 B11EG -5.16680 -5 BEEF2 -S238 pai} 000
Pair 4  W_WB125D -W_T323 420148 2. 76416 53156 -525485 -3.10802 -TES8 i} 000
Pair& L G51.5000-L TY1533 -4.54519 416888 B -6.19428 -2 B -BAEE i} 000
Pair®  W_G51.5000-W_Tv532 -1.E2TT8 331202 BAT4D -2B3T87 - 21758 -2287 i} 024
Pair T  L_DWEM-L_TY1532 1.08222 5.6886T 1.0T515 -1.12778 325223 1.007 i} A
Pair8 W _DMEM- W _Tv533 1.22533 375805 .T3065 -1T5T4 2 B2TES 1815 i} D81
Faird L_G51280-L Tv533 -3.BO5EG 4448326 BEEGE -BE2443 -2 10868 -4 518 pai} 000
Pair 10 W G51.250- W Tv5E33 - 51444 342808 JBESTY -1.87055 B4166 -T80 paij 443
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Appendix lll:

Non-parametric Mann-Whitney U-test compared to control (DMEM) for
difference in surface area and perimeter of Caco-2 cells after incubation

with different concentrations of Giardia supernatant for A. 1 hr. B. 8

hrs. C. 24 hrs.
A. Test Statistics®
SurfaceArea Perimeter
DMEM  |Mann-Whitney U 63163 31125
G51250 |Wilcoxon W 131433 131377.5
z -0.176 -0.196
gsif'f;;f' Sig. (- 0.26 0.245
DMEM  [Mann-Whitney U 71076 71682.5
G51.1000 |Wilcoxan W 147321 130947 5
z -0.291 -0.09
ggif';”;f' Sig. (2- 0.77 0.928
DMEM Mann-Whitney L 53705 554705
WB1.250 [|Wilcoxon W 121970 124744 5
z -1.848 -0.776
gsif';”;f' Sig. (2- 0.065 0.438
DMEM  [Mann-Whitney U 9293 3154
WB1.1000 [Wilcoxon W 140929 140785
z -0.15 -0.199
f;sif';”;f' Sig. (2- 0.88 0.842

a. Grouping Variable: GiardiaSupernatant
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Test Statistics®

SurfaceArea Perimeter

DMEM fMann-Whitney U 128157 131062
G31.260 [Wilcoxon W ITETT 320482

i -4.633 -4.088

Asymp. Sig. (2-

tailed) 0 0
DMEM Mann-¥Whitney U 124773 1269505
351.1000 JWilcoxon W 285593 2977705

Fi -3.973 -3.552

Asymp. Sig. (2-

tailed) 0 0
DMEM Mann-Whitney U 1164255 1239595
WB1.250 [Wilcoxon W 2588055 2673395

z -3.453 -1.8749

Asymp. Sig. (2-

ailed) 0.001 0.06
DMEM Mann-Whitney U 118137 119949495
WB1.1000 [Wilcoxon W 278723 28154955

i -4 597 -4.223

Azymp. Sig. (2-

tailed) 0 0

a. Grouping Variable: GiardiaSupernatant

Test Statistics®
Surfacefrea Perimeter
DMEM Mann-Whitney U 2726815 274346
351260 [Wilcoxon W G05201.5 BOGRGEE
Fi -2 612 =242
ggif';”;;" Sig. (- 0.009 0.015
DMEM Mann-Whitney U 278BBY 5 287560
G51.1000 pWilcoxon W G13858.5 622531
il -2.019 -1.026
gsif';”;f' Sig. (- 0.043 0.305
DMEM Mann-Whitney LI 211163 215497 5
WB1.250 JWilcoxon W 474338 4786725
Fi -2.156 -1.549
oy e 0.031 0.121
DMEM Mann-Whitney U 217251 203756
WB1.1000 [\Wilcoxon W 480426 4F6931
Fi -1.543 -3.427
ggif';”;;" Sig. (- 0.122 0.001

a. Grouping Variable: GiardiaSupernatant
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Appendix IV:

Panel data approach performed on Stata software (v 13.1) to compare the ruffling

index of CaCo-2 cells under different Giardia supernatant treatment to the control

(DMEM) at different times. A. 1 hour. B. 8 hours. C. 24 hours.

A. Rufiling
coef. Std. Err. p-value
351.250 0.035 0.069
551, 1000 0.025 0.067
constant 5.150 0.048
0.270
WB1.250 -0.18z2 0.067
WE1.1000 -0.001 0.064
constant 5146 0.046
0012
B.
Ruffling
coef Std. Err. p-value
351.250 -0.011 0.053
5351.1000 -0.021 0.053
constant 5.336 0.039
0.924
WB1.250 0184 0.058
WEL.1000 0.035 0.057
constant 5.325 0.041
0.001
C.
Ruffling
coef Std. Ermr. p-value
(551.250 0.021 0.049
351.1000 0.081 0.0449
constant 5.350 0.036
0.164
WB1.250 -0.048 0.051
WEL.1000 0185 0.051
constant 5.351 0.035
0.000
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Appendix V:

Non-parametric Mann-Whitney U-test compared to control (DMEM) for difference
in AQP3 and SGLT-1 expression after incubation with different concentrations of

Giardia supernatant for A. 1 hr. B. 8 hrs. C. 24 hrs.

A. Test Statistics®
ALP3 SGLT

DMEM Mann-Whitney U 000 ooo

cs1.250 [|YWilcoxon W 6.000 6.000
£ -2.087 -2.087
Asymp. Sig. (2-tailed) Q37 Q37
Exact Sig. [2*(1-tailed 100 100
5ig.)

DMEM Mann-Whitney U .0oo 3.000

o5 600 |YWilcoxon W 6.000 9.000
z -2.087 - 696
Asymp. Sig. (2-tailed) 037 AB7
Exact Sig. [2*(1-tailed a0 Faa
Sig. )l

DMEM Mann-Whitney U A00o 3.000

511000 |Wilcoxan W 6.000 9.000
z -2.087 - 696
Asymp. Sig. (2-tailed) 037 A8T
Exact Sig. [2*(1-tailed a0 Faa
5ig.)]

DMEM Mann-Whitney U 3.000 3.000

=54 65000 |Wilcoxon W 9.000 9.000
£ -.696 - 696
Asymp. Sig. (2-tailed) A8 A8TF
Exact Sig. [2*(1-tailed oo Faa
Sig.)]

DMEM Mann-Whitney U 000 3.000

wB1 250 [Wilcoxon W 6.000 9.000
£ -2.087 -.696
Asymp. Sig. (2-tailed) 037 AST
Exact Sig. [2*(1-tailed 100 Faa
5ig.)

DMEM Mann-Whitney U 000 3.000

WwB- 500 |Wilcoxan W 6.000 9.000
£ -2.087 -.696
Asymp. Sig. (2-tailed) Q37 ASTF
Exact Sig. [2*(1-tailed 100 Foo
Sig.)]

DMEM Mann-Whitney U 000 ooo

WA 1000 |Wilcoxan W 6.000 6.000
£ -2.087 -2.087
Asymp. Sig. (2-tailed) Q37 Q37
Exact Sig. [2*(1-tailed 100 100
Sig.)]

DMEM Mann-Whitney U 000 ooo

WB- 5000 |Wilcoxan W 6.000 6.000
£ -2.087 -2.087
Asymp. Sig. (2-tailed) Q37 Q37
Exact Sig. [2*(1-tailed 100 100
Sig )

a. Mot corrected for ties.
b. Grouping Variable: GiardiasP
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Test Statisticsb
AQP3 SGLT

OMEM Mann-Whitney U 3.000 000

cg1250 |Wilcoxon W 9.000 6.000
Fi -696 -2.087
Asymp. Sig. (2-tailed) A37 037
Exact Sig. [2*(1-tailed 700 100
Sig.)

OMEM Mann-Whitney U 3.000 000

cs1500 |Wilcoxon W 9.000 6.000
Fi -696 -2.087
Asymp. Sig. (2-tailed) A87 Q37
Exact Sig. [2*(1-tailed 00 100
Sig.)l

OMEM Mann-Whitney U 3.000 000

cs1.1000 |Wilcoxon W 9.000 6.000
z -.69E6 -2.087
Asymp. Sig. (2-tailed) A87 037
Exact Sig. [2*(1-tailed oo 100
Sig )

OMEM Mann-Whitney U 3.000 3.000

G51.5000 |Wilcoxon W 9.000 9.000
£ -.696 -.696
Asymp. Sig. (2-tailed) A87 A87F
Exact Sig. [2*(1-tailed 700 F00
Sig.)l

OMEM Mann-Whitney U 3.000 3.000

WB1.250 |Wilcoxon W 9.000 9.000
£ -.696 -.696
Asymp. Sig. (2-tailed) 487 487
Exact Sig. [2*(1-tailed 700 F00
Sig )

DMEM Mann-Whitney L 3.000 3.000

WB1.500 |Wilcoxon W 9.000 9.000
£ -.696 -.696
Asymp. Sig. (2-tailed) 487 487
Exact Sig. [2*(1-tailed 700 F00
Sig )

DMEM Mann-Whitney U 3.000 000

WBA. 1000 |Wilcoxon W 9.000 6.000
Fi -696 -2.087
Asymp. Sig. {(2-tailed) 437 Q37
Exact Sig. [2*(1-tailed 700 100
Sig )

DMEM Mann-Whitney U 3.000 ooon

WB- 5000 |Wilcoxon W 9.000 B.000
Fi -696 -2.087
Asymp. Sig. {(2-tailed) 437 Q37
Exact Sig. [2*(1-tailed 700 100

sig.

a. Mot carrected for ties.

b. Grouping Wariable: GiardiaSP
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Test Statisticsb

AQP3 SGLTH

DOMEM Mann-Whitney L) 3.000 oan

51250 |Wilcoxon W 9.000 6.000
Z -.6A6 -2.087
Asymp. Sig. (2-tailed) 487 037
Exact Sig. [25{1-tailed F0a 00
2ig.)

OMEM Mann-Whitney U 3.000 3.000

cs1.6500 [Wilcoxon W 9.000 9.000
£ -.G4A6 -.6496
Asymp. 3ig. (2-tailed) 487 487
Exact Sig. [2*(1-tailed 0o 0o
Sig )l

OMEM Mann-¥Whitney L 3.000 3.000

c51.1000 |YWilcoxan W 9.000 9.000
£ -.GAG - 646
Asymp. Sig. (2-tailed) 487 487
Exact Sig. [2*{1-tailed Foa oo
Sig.i

OMEM Mann-Whitney U 3.000 3.000

G54 5000 [Wilcoxon W 9.000 9.000
£ -.G4A6 -.6496
Asymp. Sig. (2-tailed) 487 487
Exact Sig. [2*(1-tailed 0o 0o
Sig.)]

OMEM Mann-Whitney U 3.000 3.000

wB1 250 |Wilcoxon W 9.000 9.000
£ -.G4A6 -.6496
Asymp. 3ig. (2-tailed) 487 487
Exact Sig. [2*(1-tailed 0o 0o
Sig.)

DOMEM Mann-Whitney L) 00 2.000

WwB4 500 |Wilcoxon W 6.000 a.000
Z -2.087 - 646
Asymp. Sig. (2-tailed) 037 487
Exact Sig. [25{1-tailed 00 Foa
2ig.)]

OMEM Mann-Whitney U 3.000 Qo0

wWBA1_ 1000 [Wilcoxon W 9.000 6.000
£ -.G4A6 2087
Asymp. 3ig. (2-tailed) 487 037
Exact Sig. [2*(1-tailed 0o 100
Sig )l

OMEM Mann-Whitney L 0o oo

WpB1.5000 |Wilcoxon W 6.000 6.000
£ -2.087 -2.087
Asymp. Sig. (2-tailed) 037 037
Exact Sig. [2*{1-tailed 00 00
Sig.)

a. Mot corrected faor ties.
b. Grouping Variable: GiardiaSP
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Appendix VI:

CFTR bands obtained using the AbCam monoclonal Mouse anti-CFTR antibody.
Membranes were incubated overnight with the antibody diluted at 1:750. Bands

were obtained for the three time points 1, 8 and 24 hours. However, 24hours, not

all the bands were visible for CFTR.

1 hour 8 hours 24 hours
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Appendix VII:

Correlation between data obtained with Orbitrap and QeXactive MS via

spearman correlation test using SPSS. A. GS Pellet replicates; B. GS

Supernatant replicates; C. WB Pellet replicates; D. WB Supernatant

replicates.
A. Giardia replicate and GSP G5 P1 GS P2
technique Orbitrap QeXactive QeXactive
G5 P Orbitrap 1 0.681 0.682
G5 F1 QeXactive 0.681 1 0.999
55 P2 OeXactive 0.682 0.999 1
B. Giardia replicate and GS S G35 51 53552
technique Orbitrap QeXactive QeXactive
G5 S Orbitrap 1 0.271 0.222
55 51 QeXactive 0.371 1 0.602
G35 52 QeXactive 0.222 0.602 1
C. Giardia replicate and WEF WE F1 WEB P2
technique Orbitrap QeXactive QeXactive
WE F Orbitrap 1 0.652 0.651
WE P1 QeXactive 0.652 1 0.999
WE P2 QeXactive 0.651 0.999 1
D. Giardia replicate and WE S WE 51 WE 52
technigue COrbitrap QeXactive QeXactive
WE S Orbitrap 1 0.265 0,335
WE 51 QeXactive 0.365 1 0,977
WE 52 QeXactive 0.335 0.977 1
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Appendix VI

Correlation between the first and second datasets obtained with

Orbitrap and QeXactive MS via spearman correlation test using SPSS. A.

GS Pellet replicates; B. GS Supernatant replicates; C. WB Pellet

replicates; D. WB Supernatant replicates.

A.

Giardia replicate and

GSP

GS5P1

G5P2

GSP3

GS5P1

G5P2

G5P1

G5P2

GSP3

Orbitrap Orbitrap Orbitrap Orbitrap QeXactive QeXactive QeXactive QeXactive QeXactive

technique
2012-2013 2014 2014 2014 2012-2013 2012-2013 2014 2014 2014
GS P Orbitrap 2012-2013 1 0.588 0.584 0.583 0.681 0.682 0.574 0.571 0.569
35S P 1 Orbitrap 2014 0.588 1 0.996 0.993 0.703 0.703 0.862 0.858 0.859
35S P 2 Orbitrap 2014 0.584 0.996 1 0.998 0.7 0.7 0.859 0.858 0.859
35S P 3 Orbitrap 2014 0.583 0.993 0.998 1 0.697 0.697 0.857 0.855 0.857
G5 P 1 QeXactive 2012-2013 0.681 0.703 0.7 0.697 1 0.999 0.716 0.712 0.71
G5 P 2 QeXactive 2012-2013 0.682 0.703 0.7 0.697 0.999 il 0.716 0.712 0.71
G5 P 1 QeXactive 2014 0.574 0.862 0.859 0.857 0.716 0.716 il 0.997 0.997
G5 P 2 QeXactive 2014 0.571 0.858 0.858 0.855 0.712 0.712 0.997 1 0.999
G5 P 3 QeXactive 2014 0.569 0.859 0.859 0.857 0.71 0.71 0.997 0.999 il
B.
G55 G551 G552 G553 G551 G552 G551 G552 G553

Giardia replicate and
technique

Orbitrap  Orbitrap

Orbitrap Orbitrap QeXactive QeXactive QeXactive QeXactive QeXactive

2012-2013 2014 2014 2014 2012-2013 2012-20132 2014 2014 2014
G5 S Orbitrap 2012-2013 1 0.588 0.561 0.568 0.371 0.222 0.546 0.518 0.526
G5 5 1 Orbitrap 2014 0.538 1 0.9951 0.993 0.61 0.364 0.835 0.836 0.84
G5 5 2 Orbitrap 2014 0.561 0.951 1 0.998 0.628 0.381 0.83 0.847 0.846
G5 5 3 Orbitrap 2014 0.568 0.993 0.998 1 0.631 0.376 0.832 0.845 0.846
G5 51 QeXactive 2012-2013 0.371 0.61 0.638 0.631 1 0.602 0.635 0.68 0.671
(55 5 2 QeXactive 2012-2013 0.222 0.364 0.381 0.376 0.602 1 0.403 0.435 0.426
G5 5 1 QeXactive 2014 0.546 0.835 0.83 0.832 0.635 0.403 il 0.381 0.986
G5 5 2 QeXactive 2014 0.518 0.836 0.847 0.845 0.68 0.435 0.981 1 0.9%4
G5 5 3 QeXactive 2014 0.526 0.84 0.846 0.846 0.671 0.426 0.986 0.954 1
C.
Glardia replicate and WB P WB P1 WB P2 WB ] WB P_l WB P_2 WB P_l WB P_Z WB P_3
technique Orbitrap Qrbitrap Orbitrap Orbitrap QeXactive QeXactive QeXactive QeXactive QeXactive
2012-2013 2014 2014 2014 2012-2013 2012-2013 2014 2014 2014
WE P Orbitrap 2012-2013 1 0.723 0.73 0.7 0.652 0.651 0.7 0.706 0.708
WE P 1 Orbitrap 2014 0.723 1 0.996 0.981 0.675 0.676 0.877 0.877 0.874
WE P 2 Orbitrap 2014 0.73 0.956 1 0.98 0.673 0.674 0.877 0.879 0.877
WE P 3 Orbitrap 2014 0.7 0.981 0.98 1 0.669 0.67 0.86 0.861 0.855
WE P 1 QeXactive 2012-2013 0.652 0.675 0.673 0.663 1 0.995 0.686 0.686 0.692
WEB P 2 QeXactive 2012-2013 0.651 0.676 0.674 0.67 0.999 al 0.686 0.686 0.692
WEB P 1 QeXactive 2014 0.7 0.877 0.877 0.86 0.686 0.686 il 0.997 0.997
WE P 2 QeXactive 2014 0.706 0.877 0.879 0.861 0.080 0.080 0.997 1 0.993
WE P 3 QeXactive 2014 0.709 0.874 0.877 0.859 0.692 0.692 0.997 0.998 1
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D.

WEBS WBS1 WBS2 WBS3 WEBS1 WBS2 WES1 WEBS2 WBS3

Giardia replicate and i i i i i i ) ) i
Orbitrap Orbitrap Orbitrap Orbitrap QeXactive QeXactive QeXactive QeXactive QeXactive

technique
2012-2013 2014 2014 2014 2012-2013 2012-2013 2014 2014 2014
WE 5 Orbitrap 2012-2013 il 0.461 0.454 0.451 0.365 0.335 0.483 0.475 0.473
WE 5 1 Orbitrap 2014 0.461 il 0.997 0.997 0.411 0.37 0.826 0.244 0.839
WE 5 2 Orbitrap 2014 0.454 0.997 il 0.999 0.419 0.377 0.836 0.848 0.841
WE 5 3 Orbitrap 2014 0.451 0.997 0.999 il 0.416 0.375 0.835 0.847 0.841
WE S 1 QeXactive 2012-2013 0.365 0.411 0.419 0.416 il 0.977 0.445 0.459 0.454
WE S 2 QeXactive 2012-2013 0.335 0.37 0.277 0.275 0.977 1 0.402 0.413 0.41
WE 5 1 QeXactive 2014 0.483 0.836 0.836 0.835 0.445 0.402 1 0.992 0.939
WE 5 2 QeXactive 2014 0.475 0.844 0.848 0.847 0.459 0.413 0.992 il 0.996
WE § 3 QeXactive 2014 0.473 0.839 0.841 0.841 0.454 0.41 0.99 0.996 il
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Appendices

Appendix X:

ClustalW sequence alignment of the Cathepsin B precursor genes
coding for the Cathepsin B proteins identified in Giardia proteome. All
the GL50581_ accession numbers represent GS isolate proteins and all the
GL50803_ represent WB isolate proteins.

CLU3STAL 2.1 multiple =eguence alignment

ELS0SE1_2318
ELS0E03_1751€
EL50581_13%
ELS0SE1_361%
GL50803_10217
EL50581_2036
FL30E03_15564
EL50581_78
EL50803_16773
GL50803_14013
SL50581_2946
GLS0803_16160
EL50581_438
GLS0R03_1€468

EL50581_3318
BL50803_1751€
EL50S81_158
ELS0SE1_3£1%
ELS0803_10217
ELS0S81_2036
EL50803_15564
EL50581_78
ELS0803_1€773
GL50E03_1401%
EL50S81_2546
EL50B03_1€160
EL50S81_238
EL50803_lE4E8

EL50S81_2318
ELS0803_1T51€
ELE05E1_15%

ELS0SE1_3£1%
GLS0B03_10217
ELS0SE1_2036
ELS0E03_15564
sLs0s81 78

ELS0803_1€773
GL50803_14013
EL50581_2346
EL30803_16160
FL50581_s38

EL50803_16468

EL50803_17516
FL50581_153

EL50581_361%
ELS0802_10217
ELE0SEL 2036
ELE0E03_15564
ELS05E1_ 78

EL50803_1677%
GLS0803_14013
FL50581_234€
EL50802_16160
ELE05E1_438

ELE0E03_1E4€8
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_______________ ATERRGCTICIT-———————-TCICCTCECCECT ———————GFCRED
--------------- ATEARGCTICIT-————-——-L[CICCICGECOOECT ———————FCRGE
———————————— ATEATAGEECIEIC ————-——-TCITITATIGEEC ——————GCACT
ATCGRRATTEREEATGATRCEEECITC ————————— TCITIIGCIAGET —————— GCRET
——————————————— ATECTACTTEC-————-—--TECCITIECIEIC-——————GCAGT
——————————————— ATECTATITEC-————-—--TEICCICEITEIT-——————GCAGT
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EL50581_2318
GLS0803_17516
FL50581 152
ELE0SEI1_361%
GLS0B03_10217
ELEOSEL 2026
GLS0B03_15564
5L30581_78
GLS0B03_16778
FL50803_1401%
ELE0SE1_I34E
GLS0B03_16160
ELEOSAL_ 438
GLS0B03_164€8

FL50581_zaild
ELS0B03_17516
GLS0SE1_15%
ELE0SEL 3612
GLS0B03_10217
EL30581_203€
GLS0B03_15564
ELs0s81 78
EL50B03_16778
GLS0B03_1401%
ELEOSEL 2846
GLS0B03_16160
EL30581_438
GLS0B03_16468

GLS0581_2318
ELE0E02 17516
GL50SE1_15%
ELE0581_3613
GLS0B03_10217
FL50581 2036
ELE0E03_15564
ELs0s81 78
EL50803_1€778
GLS0B03_14013
ELE0581_234€
GLS0B03_16160
FL50581 238
ELE0E03_1lE4€8

EL30581_ 2318
EL50803_1751€
EL30581 158
ELE05E1 3618
ELS0B03_ 10217
ELEOSEL 2026
EL50E03_15564
EL30581_7E
EL50B03_1€772
ELS0E03 14018
ELEOSE1 2346
ELS50803_1€1€0
BLE0SEL_ 438
EL50E03_1€4€8
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CITAGCCEAGCC—CCITITAACT A A GG ACCT ARGECACGATACAACCACTTGET —C
CCTAGCCERGCCCCITITGACCCAGETGEAGT I GAGECARRTTCARGCRCTTGCT —C
CIGCGCRARGCC—CCI G ARG CCT GO CRAGCT GAGACGCATTCAGECCCTCARC ——C
CIGCECRA RGO C-CCI G ARG CCT GOCCAGCT GAGRCGCATTCAGECCCT CARC—C
TR - O I I A OGO O CEAGC T AR GECEEAT TCAGECICTCRRAT —C
CCITI O GECC-T I I T CCEC AR R CAGCT GAGEECCATICTICTICT CICCAT —-C
CCI I CCARGCC—CCI T I CI CCAGARGEEAGT T ACAGEAGATCCGCGCCCIGCAR —C
CIT I oG- OO I GACGETIT O CCAGCT CARCCACATCARCT COCT GARAC —-C
TIICICIGCGECCCECCCTGACGEICTICCGAGCITARCCACAT CARGTCCCTGRAT —C
T I I GCGCC— OGO CCIGACGEICICCEAGCITAACCACATCAACTCCCIGRAAT ——C
TG -G I OO G CATAGRT CT CCCT ACGAT CCAGECECTIGATGETC
T O - eI I I OO RGO CEAT CT O CACRCR A TTR A GEOECTOGAT GEIC
CITGICRACT CCET I AT AGCCCGCATC—— TCCTGARRATATTITGEACGRAGRACGCGAGRE
TCIATCAACT CCGT I AT AGCCCCCATC—— T CTGARATAT T I GAACARGALGGARLE

a aa a aa

CEA— TR GEAAGECIGECAT CCCGEAGCCACTTAAGRAT CT CACGGARRCTGACTICAR
CIe——CRIGEAAAGCTGECAT CCCGEACCCACTGARGRRCCT GACGARCERCGACTICRE
IR I G eI GO EA T GO ARG AT T T GAR R A CET TACAGRGERT GAGTICCE
O C— AT GEEIGEC I G CAT GO AR AT I T GAR R ACETTACACRACEATGACGTICCE
CIC——CRIGEARAAGCAGEEAT GCCARAR LA GET I T GARRACGT CACAGARGATGAATITCG
AR T GEEACE I AT GO ORI T T GCGEFI CI CICCCAGERCGACCIG R
CAC—C I GEACCECIGEEAT CICCGRCCEECIT GIGEEFCCI CICCERAGEROGACCIENE
CeA—— G GEAAGECCEEEAT CCCCARGCECITCGAGEECCT CACGARGERACGAG—A
CCA——GEI AL CECEEECAT CCCCARCCECITCGAGEEECT CACGARCERT GAG——R
A I AR R AT OO AR ORI T O GACEEECI CACGARGEROGAE— R
TCA——CIIGEET CCCEEAGCIT IO CAAGCETIT I CAGEECRACTCCCTGEATGAACGT CRE

TCA——CCIGEET CCCGEAGCIT CCGAAGCGIITIATGEECRAGTCCCTIGRACGAGET CRL
AT I GEEAGEC AR T AC AT AR A CTT CCCAGAT CETACACCT GATGAGAT CAC
CARAGCT I GEEAGECGEARAT ACCGECTARATTCGCTAAT CGRAACGCATGATGARAGITAC
aaa a a a a a a aa
ARRGRCIGE————— -l CERARGERT CCACGOEEOCRGAT A - —CC-CA———CATT
GAAGATGEC————— -T-ATCAG——CAGECACTCCACCTACGCARTCA——TC-CA——TTCT
TGEEIATGC——— -TARTTARCCCCGRCCEII I GARAGCARG-A——TC-CGEATCTAT
TEEIATGC——— -IRATT AR Y CCCGACCEI T I ——GARACGCARG-A——TC-CGEATCTAT
TAGCRATGC——— ~TEATCCEICCCGACCEICT——TAGRAGCARG-A——TC-TEECICICT
CECCAT T —————TICCICGCCACGACCI GECCECIAGCETACCAG——C———AGAG-TGC
CECCAT T ————-TCC I CECCAT GO CRECCCACCCETCOEICCG——C———AGAG-TCT
TITCEAGC————— CICCIGAT————GCCCATCICCITCCT CAACCG——CERCAGAGCTGC
TCICERED————— CICCIGAT ————GOCIGITICCITCCT CARGCG——CEATAGEECT G
TCICERGT———— CICCITAT———GOCIGITICCITCCITAAGRA—CECARAGEEOGT
GECCAT G eI AT CA—— ACR A T CTAGACCGECGAT CA——CCRAGRAGE——
GECIATGITCGEICCCCIT TG —ACRCEICCAGRCCTGCARTTA—CCATGAGE——
ARRGATGI————— -IITICIC—-TCACACCITICICARGCCARCCATTCCICGCTIACTAT
ARBRGATGT————— =TI C——CCAT GO I CCI TAGRCCARRTATTCCCOCGCTIATTAT
a a
GOATCTTATICACACCTACGARAGCGAG————————— GATCCTATACCAGATCACITIGRE
TCERCCIGFIICGIGICCCIGARRRCGRE ————————— GATCCIGTACCAGARTCACITIGRE

GCCA T CAG I I I GARAGAGATTAAT GAT CCTACCGAT CCTCTTCCGGCTCAGTITIGA
GOCATCAGCI CCI CIGARAGAGATTARTGAT CCTACCGAT CCICTICCEECTCAGTITIGR
AR CA A TT I CGATAACAGRACT CCAGGARCTCCTAGATCCTATICCGOCT CAGTTICGA

————CCEOECEECE———RECCETOGEE———————— GARGCRT--CCCCGCCICATTCOGR
————CCECEOECIE————RACCAT CREE————————— ACCCRT--TCCCGROGCGITIGR
TGEICCCCCEIGECACTATAGCCGACR O ———————— . AAGETC-——CCCGATICCITIGRE
GEITCCCOGFIGEEACOGFIGICCEOCACE————————— CAGECC———CCCGRCICCITIGRE
CGCACCCCOCIGECACTIITACCGATARG————————— GACGACCIGCCIGAGICITITIGE
——————— CATARGCRCOCA-AGECCTCOCAGT —————————CGEEEC—-TCCAGAGRGCTACER
——————— CECARGCROCA-CECCT I ———————— - TEEFEEC-—COCEEAGREITATER

GO GC-AGAT T CACT CACGEATGACCT T AT CCT COGECTEACT CCCCTGAT CGOCTITER
GECET AR AT T ACT GAGEATGATCICIAT CCICCGECCEECTICCCCTIGACCGICTITER

aa aa
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100
178
a5
a3
a5
21
283
BE
BE

143
1a3
143
143
143
158
23€
13s
135
13s
145
341
14€
146

lg8
188
151
151
151
207
285
188
188
188
201
353
158
158
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251
2351
251
248
32€
23E
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242
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EL50581_ 2318
EL50803_ 17516
ELE0SEL 152
EL50581_3€1%
EL50803_10217
EL505A1_203€
EL50803_ 15564
ELZ05E1 78
GL50803_ 16779
ELS0803_1401%
EL505A1_234€
ELE0803_1E€1E0
EL505A1_438
EL50803_ 16463

EL50581_ 2318
EL50E03_17516
ELE0581 152
EL505A1_3€1%
EL50803_10217
EL50581_202€
EL50803_ 15564
ELE05E1 78
EL50803_16778
EL50803_1801%
EL505AL_234€
ELS0803_16160
EL50581_438
EL50803_ 16463

EL50581_ 2318
EL50E03_17516
EL30581_132
EL50581_3€1%
EL50803_ 10217
ELE05E1 2036
EL50803_15564
ELE0581 78
EL50803_1€778
EL50803_14018
EL505A1_ 2846
EL50803_ 16160
ELE0SEL 438
EL50803_16463

EL50581_ 2318
EL50E03_17516
EL50581 152
EL505A1_3€1%
EL50803_ 10217
ELS05E1 2026
EL50803_ 15564
ELE05E1 78
EL50803_16778
EL50803_1801%
EL505A1_ 2846
EL50803_ 16160
ELE0SEL 438
EL50803_16463
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CITCAGGGRGEAGT AT CCACAGTGCATRARCAGARGITATIGACATGEETACITGCTICATC
CITCCEEEAAGACT AT CCACACTGCATARCGEAGCITATIGACATAGECCIIIGCICEIC
CITI CECGRCGACT AT T CACT GIGI I CACCAGITI T I GATCAGGETACTIICIGEREE
CIT T R GAGT AT I CACT G G I CI CACCAGITI T I FATCAGEETACT I FI GEAGE
CITCCET AT GACT ACC T CACTGCCT AR ACCAGCECTGRACCAACEARCTTGOGEEEE
TITCCECGAGERGT ACCCECAGTGCAT CACTCOGEICTACGACCAGEECCACTGCGECTC
CCI CCECGAAGACT ACCCECACTGCAT CACCCCEEICIATFACCAAGECTACTGCGEOGET
TITCCECGAGERGT ACCCCCACTECAT CCOCGRAGETICETCGACCAGEECAGCTGOGECTC
CITCCECGAGEACT AT CCCCACTGCAT CCCCGAGCI T I CRACCAGEECEEATGCGECTIC
CITCCECGAGEACT AT T CACT GCAT OO CGAGCI T I CRACCAGEECEEETGOGECTC
Ol e R T AT AC OO ORI G CAT CRC ARG CFT CRRCCAGEECRECTGOGECTC
CITCCE A CEACT AT T CACTGCAT CACAGAGCTCCT I FATCAGEECARCTGOGEATC
CIATCGICARARCTCAT T GAGTGCI TCI I CGARCCEERAGEATCAGAGCGACTGCTICATE
CIATCECCAGACCCAT CCGEACTGCITII I IGAACCGERARGACCAGARACRARATGCICCIC

a a a aa a aa a aa aa

TR GEECACATT I CCI G GEACECCT T CGECCACAGRCCATCTAT -GRATGEIGITE
AT eI AT I G I G I I GAT GO T TAGCCACRERCECI GICT ~AROCGECCTEE
AT EEECATT IO AT CCEAAT CT I CCEEAGCAGACECTET GC-ACTAGGRATCE
ATGCIGEECATI I CGECIATCGERAT G I CGEEAGCAGACGCIGIGC-AGTAGGRATCE
AT I GEECAT T CI CAGCI AT AGCACT CT T CCEEEACAGECECIGT GC—GATGEECATCR
TIGECIEEECEITCICCECCACTICAGCCITIGEAGRCCGARGETGCATGCAG—GECTIGE
CIGI I GGG ICI GO CACIGEEECCI I CGEI GACCEACCATGCAT GO AGTGECI TG
CIGCIGEECCI T I I OO T GCCI CICTIGET GACCECCECIGCIT-TECCGECCTOE
I IO IT I I OO AT OO OGO EACCEOOGAT ECIT - TECIGECCTCR
CI GGG I T I I T I T GO CACCITIGET GAT CECCECIGCET CECTIGEECTOE
CIGCIGEECCITCICCICIAT CCAGACCT I CGCGEACCACCECIGOCGAAGIGEETI TGS
CI GGG I T I I OO CCAGACCT T OGCAGAT CACCECIGCAG—GAGCGEETTEE
CIGCIATGCITITGCARCGCITGECGCACTAT CTACACGOCGEIGCAT TECARRGCTRG
TIGCIATGCATT I CAACCCIGEECECACT AT CTACACGICECIGCAT ~CECARAGCTTC

- - - - - - A -

ATCRGEAACCEACECECIACT CIGCECAAT A CATCTTAT CCTGOGCTACRRCR AR CEET
ATCRGEAARGCCACRCGITACTCCGCCCAGT A CATCCIGICITGIICI TCARCGARTGET
ATARGECGECCEI I CITIATI C——GCAACRCGCATCTCAT CTCAT GCT —CARACGGAGART
ATARGECGECCEIICITIATIC—GCAACRGCATCTCAT CTCAT GCT ~CRARACGGAGART
ATARGEAGECCEICICCIACIC—GCAGCARCACCTCATATCCT GCT —~CACTAGAGARC
ACTCAGCIGEEETECCCTACTC——GCAGCACTACRCCATATCCT GCGACTRACCTICGATC
AL eI I GO OO ACT C—— ACAGC AT ACACGEFI CICEI GTGAT GACTIGEATC
ACARRGR A CECTGTCACCTACTC—CCCACRCTAT T CCI CICCT GCGACCACGECGATR
ACARGAERAGCCGICARAGTACTC——CCCGCAGTATGIGEGICICCIGCGACCGT GEAGACR
ACARGRE RGO G CARACTACT C— CCCACRCTACCT GEICICCIGTGAT CAT GECGACR
ACGCCRCAGECETARGCTACTC—— TEICCARTACGTGCICEATI GTGACCECRAAGERACT
ATGCCACGEECEITAGCIACIC—GEITCACTACCGTGCI TGACT GCGACCECAAGEACT
ACGCARCTGTAGTICCCCITIC——TGECCCAGCACATGEITICAT GCGAT CRCGEOGAGE
AT R T I CICICITI O eI T CAGCACAT GEICICEI G T GACREOGEOGAGE

- e _ _ <
TCICITGECCITICCAGECCAGEG—EETIGT —— AT-—CCIGGEACITIATCGCGACRR
TECITIGEATI I I CARCCCGAGR —GAGTAT — AG——CEIGEEACITIATIGCGACER

T——TIGEG——CIGECAGCEEAGEC—CACTICII T CCAA——CCTGEAGCITICIGACT CAGR
T——TIGEG——CIGCAGCGEAGECGACTICII I CCAA——CCIGEAGCITICIGACTICAGR
T——TITIGG——CIGIGATGEAGEC—CGATI I I CAACCGA——CATGEAGCITICIARCTIIICR
T————RGEG——GIGIGECCGECE———GECITICGIICAGCGICIGEACCITICICRACAGRAGT
T———CGG——CGIGCECIGEAG———GEACT I CCI I CAATGI T I GEACCITCCITACGGAGT
T————GEC-—CIGI AT GECEEAT GECITCAG——-ACT CICIGEAGCGT T CCICRCCARGE
T TIECRRCE eI IO ——AGCFICI GRAGATTCCTCACCRARGE
T———GEC—-TTGECRATGEEEECIGECTCCCG———AATCT CIGEARCGT T CCITACCARGE
A————CGEG——CIGECRACGECEECGAGCCCACT ———AAGGCCTTCGACTTICCTIT CACRGCR
A————CGG——CIGCAACGECGECCAGCCACTG———AACGCCITCAATITCCICCACARCE
C————RGG-—-CIGTCALGCAGEC-GECITCARTACTIT——CITGGECITIICITGAGACRE
C——— OG- T CAGEEAGECGAGI T CGAAT CAT —CCIGEECITIT CICGARACRE

& - & ey -
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235
3ll
311
31l
ana
38E
25€
23€
255
oz
454
al7
ai7

358
358
a70
370
370
367
445
A55
355
358
JE1
553
7€
aTE

417
417
42€
426
42€
424
s02
212
212
415
418
€10
233
433

4€5
4€5
478
478
478
473
553
463
2€3
4&E
465
661
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FL505E1_2a318
EL50E02_17516
EL50S81_15%
EL50581_261%
GL50803_10217
EL50581_zoae
ELE50E02_15564
EL50581 78
EL50803_1677%
FL50803_1401%
EL50581_254E
GL50803_16160
EL50581 238
ELE0E0Z_164€8

FL50581_2a318
EL50802_17516
GLS0SE1_15%

EL50581_361%
GLS0803_10217
FL50S81 _zoae
EL50E02_15564
SELEEERET

EL50803_16778
GLS0803_1401%
EL50581_254E
GLS0803_16160
SELEEERFET

ELS0E02_1E4€8

GLS0SE1_2318
EL50E03_17516
GL50SE1_15%
FL50581 3613
ELS0802_10217
FL50S81 _zoae
EL50E02_15564
GLS0S81_78
EL50803_16778
GLS0803_1401%
FL50581_254€
EL50E02_161€0
SELEEERFET
EL50E02_164€8

GLS0SH1_2318
FL50803_17516
EL50S81_15%
FL50581 3613
EL50803_10217
GLS0SB1_2036
EL50E03_15564
GLS0SE1_78
FL50803_16778
EL50B03_1401%
FL50S81 2346
EL50802_161€0
GLS0SE1_438
EL50E03_184€8
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CAGCT AT CCCCI T AGA AR I I GIGAACTATACAGACTATCGAT AR —CGACAGACGT CCRAGT
CGEET AT CCCCITAGA R R T T GCTCAACTATACACGRATTATGACCA-ARCACACT CCRG—
I GEAG AL A O R AT GO T I AR R T AT I TGACT AOGET AGCRECOEFI GG ——CREE
CIGGAGC AR A GO GAAT CCCI T AR R TAT CT TGACT ACGET AGCRGCETGE——CRGE
CRGEAGCRRCCACRGCTGAATGOGT T ARGTACGITGACTATGET CACRCCEFTAG——CGIC
ACGECACCACARCRCTTGACTGCFIGCCCIACACGEATGCTAATARAGATR ——CGIC
ACGETACCACGRCI CICGACT I FICCECTACACAGRCGOCEATARGERCCICT——CGTC
CCGGARCR A CCACCARCCRATGCCTGCCCIACCAGAGCEEARCT ACCGECECICG—CEET
CIGGARCGACCACCEA AT GOCTCCCTTACCAGAGCEECAGCACCEECEOCCE—CEED
LA RO A O R ORI GO T OO O A AR AR FICEACRRCTICI OO -TEED
CEEGEACT I T I I GAC AT GO CEACTACACCGCCEEAGCCGACRAT T TG -TRAG
CEEEEACT I T CIGECTAGCIGCCTGEEETACACGECCEEAGACGAT GITFICGI "CRAG
AR T AR TCAGACGAT TGO ICCCIACGITAGCGECCAGACTGECCIII ——CGEE
AGEERGCAGCTAR LR T GACT T CIICCCT ACACCACT GECCARACTGETARAT ——CREE

aa aa a aa

TACC I GICCGAGI CIGIGCARCCATAATTC——-TICCCIAGTGCITTACARATCT G
—— G AT ECCCGACTACCT CTGAT GACGATT C———CITCCI CEAACTITATARGCCC—G
TG AT RO ACCI T GAT GACGEEI C—— - TCAGAT CCAGTI T CTATARAGCG—C
T——G AT I CCCACCACCI G GAT CACGGET C——-TCAGAT CCACGITCTATARAGCG—C
T—— T GCCCIGOEFICIGTGACGACGEAT C—— - TCCGATACAGCT CTACARGECA——C
C——CCEI GO CCAGACECCI G TGO CEAT GGEIC———AGAGAT CCGECT ICT CAAGECA——G
T——C AT GCCCCGCATI AT GOGRCGAI GEGET C———CEAGAT T CAACT CCT CARGECC—G
A——CC-TGECCCGACEARCT GCGCIGAT G ——— GECGAGCICICIACGET CARGECCRARG
A——CC-TECCCGACEAR T GCEOCEAT GG ——AECCACCT GOCCAT CTACARGECCRACR
A—— - T RO R R A R T OO ORI FRAT CERFCAR GET T CACTI T RECCRCOGCCRCE
T——TC-TGECCC AR AC T GCGAT CACGEAT C—— - TGO O GAAGRATCTCTICGCT ——
T—TII-TECCCCCAGARGTGOGRCGACGEAT C——CECT I GRAGRACGTICEICGCC——
T——GAGIGICCCACRACATGCCRAGATGGGAC——-TCTI I CITAATGATACCATTCACTAT
T——GAGTGCCCCRCCACCT GO RGEAT GEARC———COCTCI CRAGAGCGCOCTICCATTAC

aa aa aa aa a

AT AT GAGGEEOFI - TEEAT T I AR I CCI GARLE - AGCT GAGACGOGCTATIGCIC-TCR
ACGEIT AT GAA GO - CEGACT CAATTCTGAR R - CECTCARGCCIGCAGTIGCIC-TCR
ATGEATATGGTCRAGT ——GAGCRAGRGCOGTGCC—-TECTATRAA—TGCAGRTGCICGTICR
ATGEAT AT GGT CARCT ——GAGCRAGAGCGTIGCC——TGCTATRA—TGCAGATGCICGTICR
ATGEAT AT GGACRGET——GAGCRAGRCTGITCC-—GECCATRA-—-TGEERRAT GCICGTICG
ATGECIGCCIGEATT A CAGCGEARAC-GTARC - —CECCATCA—-TGCAGEOGCICGOCR
ACGECTECCTCGACTA-CAGCEECARC-CTGAC-—CECCAT CA—-TECAGRCCCTICGOCR
ARG G TAGRCTA-CEECCTGEACTIGOGAT ——C-TEAT CA - TGARGECICITGIIA
AAGECTG——TCGACTA-TEEICIGEACT GOGAC——C-TTATCA-TGAAGECICICGOCR

TCITACER——AGGATTA-CGEECTIGAC-ATACC—CECCATGA - TGAAGECCCIGICCR
———GCCAG-TGECICE-AACTCCGEAT ——— C—-TGCCATCG———— ATGTGCIICIIT
——=RCTRG-CEECTCE-AACTCCEEET ——— C—-TGECRATCG————-. ACETCOCITICICG

ARG I I GG TAGCCAT CITAAGAACT ATAATGAAATTA—TEACGICICIICITA
AR TGO GG CAGCCET T T AGCAACTACRATCAGAT CA——-TEETGTCCCITCTICE

aa

———GAGGFICCIATGCARGCTATGIT IACT GIITATGAGGACTICGCATACTACTTAGRGS
———GAGCACCCATGCAGECIATCI I CACCCTITATCAGGATTICACATACTATTIIGGAGS
GIGEAGEACCECIGCAGACTATGAT CCTIGTITACGCTGATTIATIATACTACGCTIGECE
CIGEAGEACCEEIGCAGACTATGAT CCIIGIITACGCIGATTIATIATACTACGCIGELE
CIGECEEA eI ECACACCAT AT T CETCTACGCT GACCT GTICCTACTAT GARACGCE
AR T eI I AR AR T AT T FICTACCGEEACTTOCI GTACTACAGEAGCE
AR GGG I I G CAGGCACT AT GAGCCTI CT AT CCT GACTICCITIACTACCGAGGRS
CEEEIEETCCI CICCAGRCCGCIT I CACCEGIITACICCGACTICAT GTACTAT GAGEECE
CEEECEECCCI I CCAGACCGCCI T CACCETITACICCGATTICATGIACTATGAGGECE
CEAGCEEC T I AT OGO CI T CITGEI CTACTCCGACTICAT GTACTACGAGRAGCE
CICACEECCCCCI O I GECGACT I T CAACCT IGOFCAGGACT I CATGTACTACARGACTC
I A OO T T AGCGACCT T AR CETCECECAGCGACT I CAT CTATTACARCGAGCE
AT R AT ECACACAGEEI I I AT I CCATGAAGRCTTICIGTACIATFICEETE
ORI GG CACT GCAR A CCEECI T I ACCT CCACCAGGACTIICIATATIATCICGEIC

aa aa a a aa aa a aa aa a
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AT I AT I AT I AT AT GG TEFIACT GO GEITATCI CICCGTI I GAGATAGTITE
GCAT T AT eI ACA AT AT GG TARCAGACITGEIITICITICIGI I GAGATACTCR
GIGICIATAGRCACARCCTACGEACCARATTAGCARCGEECTICATGCGCTAGARAT GEIGE
GG CIATAGACACACCIACGEACCARTTAGCAACGEECTICATGCGCTAGARATGEIGE
GG IATARRCR LT AT GEARCCAT CRATCITGEEITCCATGCITIGEARRTACTIE
GGG ACCECCACGICIATGEAT — CECAGAT CICCAGCCACGCCEICGARAT CATT
ECET I A ARG CCT I ACGEEA—— T CAGAT CTCCAGCCATEGCGET I GAGAT CATCR
I TR A AR T I I G RACACI T GAGEEC ———FECCACECOETI GAGRT GEICE
GO I A CAGCACA T A G AR AT CCAGGET —— G CACGCACTCCAGAT GEIGE
GG I ACCAGCACARCCTACGEATACAT GEAGEET ——GECCACGCAGTCGAGAT GEIGE
GG AT CAGCACAGEI GGG~ TCIGECICGECEEICACGCCETAGAGEITCICE
EIGTITACCAGCACLGEIGEEEEC——TCIGECITGECEECCACGCCCTAGAGATARTTE
EIATCIATCACAAGACCIACGEI T — CEAGCATT GEIGEACATGCGETIICITATCCICE
GEATCIAT AR GETTI AT GECA——CEAGCCITGET EEECATGCAGTICITATTICITE

a a aa a a  aa a a a a & a
GCTATGECACE—————— AGCGACGARAGEACRLGACTATTGEATCGTARRGARTTACTGE
GCTATGECACE ——————— AGCCACGAAGEECAACGACTATTGEATIGTARRCARCTACTGE
GCTATGECACT ——————— ACACACCAT GEEACRGACTATTGEACTATARRRRRCTCCTGE
GCTATGECACT —————— ACACACCATGEGEACAGACTATTGEACTATARRRARCTCCIGE
ECTACGEERCC—————— ACTGATGACGEEACGEACTACTGEATTATARRCARCTCCTCE

AR AR AT AT~ GAGEACRECACT CCATACT GEATIGI GARGARCTICICTC
G ARG T GAC A C-CAGCAGCECAT CCCCT ACT GEATCCT GARGARCTCICTC

GCTACGECRCE GAT-GARGTACGATGICGACTACTGEATCAT CCGCRACTCCTIGE
GCTACGGCRCR GAC-GACTACGACGIIGACTACTGEATCAT CCECRAACTCCIGE
GCTACGECRCR GAC-GRCGARCEECETIGACTACTGEAT CAT CCGCRACTCCTEE
GCIATGEIGIG——————— ACACACTCIGEECICGACTACT GEACCCT CCECARCT CCTGR
GETATGECEIG—————— ACACACTCCGECCT AT ACTGEACT CT CCECARCT OCTGE
GCIARCEEEREE—————— AT GA-—-ATAATCACCGATTACTGEATIGTACCTAATICITICEE
GCTATGEARGC ——————— AT-GA--ACARATCRCCGACTATTGEATIGITCCTARATICITCSE
a as aa a  aa aa aaaa a aa &

GEITCIRATIGEGECERRGRAT GECTACTIICCGCATIGICCFIGECCAGRAT GAATGCCRE
GECCCEEECIGEEEAGRRAGAT GGCIAT I ICCEIATICI T AGGEGCCAGART GAATGCCAR
EEET AT AR CEAT GETTACT I CCCAATTCT I CECEECET CART GACT GCAGE
R ORI AR R I I TACI T OO GART T I T CROEEOET CART GACGT GCREE
GO AT I GGG AR A CGETACT I CCEEAT I CI CCECCCACT CART GACT GCAGE
GEATCCEECIGEEEAGRGERGEGETACTITARCAT AT CCGEEGETICTARCGRAATGIGAT
GEACCCR AT GG CAGEAGEECTACT I CARCAT ACT CCGCGGETCCARCGACGT GCGAC
GETCCCEACTGEEECEAGERCGECTACTIICCECAT CAT CCGTATGACGRAAT GAGT GOGET
GECCCI AT GGG GAGEACGECTACT I CCECAT CATT CECATGACGARCGACGT GCGET
EET I GACT GG EAGEACGECTACT I CCECAT GAT CCECEECAT AR R CEACT GTAGT
R L AL RO R R T AT TITAGEAI TR I T O ORI CERRCGRAT GOEET
GO AT GG AR GG T AT ITAGAAT CET T CECGECEECEACCACT GIGET
GEATCGEATIGEGEIGAGART GECTACT I CAGGAT ACT COGCGEARCCART GAAT GUGEE
GEET AT I GGG GARR AT GECTACT I CAGGAT ACT CCGCGCARCRARCCACT GIGET

aa - aszaaa aa 4 aa aa aa aa a - a aa aa

ATTGRGEA-GECIGICIATGEI GO CATTATATACGOCARTACACAGTCTGCAACTACTCR
AITGAGAE— I CIGCCIATGEIGCTATAATAAGCCCTRAACRRACCATCCATGECCACCRA

ATAGRGEA-CEAGATCIATGCICEE GIA CITTGACGTAG——
ATAGRGGA-CGAGATCIATGCIGT GIh CITTGAGTAG———
ATAGRGCA-TGARRTCIATGCIGT ——ATA——————————————— —TCTTGACTAG——
ATTGAR-GAGYGECIGIFIACA—GIGECCICITICCITIC ———————— CICTGRAGIGA———
ATCGA—GAGCGCCGIGIATA-GCGEECICITCCICIC —————————— CICTARCGTGA———
ATCGRGEAGCAG-CI-TATGEECEECATCITCGA——————————— ==, AGAGTGR———
ATTGARCGAGCAR-CT-AATAGCTGEETICITIGA GAACTAR———
ATCGRGEAGCAG-GCOCIATECG-EECTICITOGA————————————— —-TGAGTAR———
ATAGRGCAGGARGETITCCA————— CIATGCRGATG———————— —T——AGRGIGA———
ATAGRGCACGAGEECTTCCA————— CIATGCRGRCG———————— -T-—AGRGIGA———
ATCGRRRA-TARTECATGECRRGTTIGCIGIE ARGTGR———
ATTGAGRA-GARATCGCCIGGCAGETAGCACTE AAGTAR———

aa aa & -
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Appendices

Appendix XI:

CLustalW sequence alignments of the conserved secreted tenascin, high

cysteine proteins and VSPs. All the GL50581_ accession numbers represent GS

isolate proteins and all the GL50803_ represent WB isolate proteins. Orthologs are
shown by *. a: Tenascin, b: High cysteine membrane protein, c: VSP.

CLUSTAL 2.1 meltiple geguansa aligamant

=l GLEQSEL_727

c

o o ow

b

b
c
hl
c

GL50RDZ_7715
%= |SLECEEL_26€22
CLEDBED2_ 12062
CLECBDI_1034%54
GLEDSEL_1802
GLE0SB1_25%54
SLEDEDZ_101074
CLEDBD2_137€17
GLEOBD2_145R€
sLEoEeEl 1
GLSOSR1_3401
GLS0RD3_116477
CLE0Sel_281@
GLEOERY_2457
SLEDBED2_11221%
GLEOEDI_137740
GLEDED3_112135%
GL50SRL_572
GLSDRD3_3327%
SLEQBED2_137¢€12
&| crEozel_sos?

I GLEDEDI_13330
lzzsoena_isasn
GLEOSEL_4316
GLE0RDZ_B6A7
GLEDED2_14372
CLEDBOI_1EE3€
CLEDEEL_157%
GLEDEDI_16477
GLE0SR1_1582
SLIDBED2_55162
CLEDBED2_ll421E

.

"

&

w|| GLEQOSEL_727
SLIECEDZ_T7715

& [GLE0SEL_26€32
GLEOBD2_120€2

b zzeoeoa_1024%4

c

CLIOZRE1_1%02
CLIDSR1_2554
GLI0BR02_101071
GLSOBD3_137€17
SLEQBD2_l452¢
SLEOZEL_1
SLEIDERE1 3401
CLIOROR_11E477
GLI0IE1_3818
CLEQERL_2457
GLEOBD2_11321%5
CLEDBO2_127740
SLEIOBEO3 _113113%
SLIDIREL 573
GLI0B03_3327%
GLI0BD2_127€13
‘I SLEQERL_40%57

I

1

GLEDEDI_10237
crzoecy_12%g
CLE0EEL 4316
cLICEDI_BEE?
CLECEDI_14573
cLEDEDI_1E52€
GLIozEl_2E7%
CLEOEDI_16477
CLEOSEL_ 1583
CLS0EDI_535162
GLECEDI_11481%

a5
1

I TR TR AR T oA T TATITIA GRS RS CCEETIRTITOTICTAASTSIGCIACECCT 120

278 |Page



o on o

o W ow
%

L]

n on o

o W ow

*

CLEDSE1_T727
CLEDEO3_TT71E
CLEDSE1_ZE33
CLEDED3_1Z063
SLIDBO2_103454
GLEDSE1_1502
CLEDSE1_2554
CLSDED3_101074
CLEDEDI_137617
CLEDEODI_l4586

BL2_116€877

GLEDER1_2457
CLECBED3I_113215%
GLEDED2_127740
SLEIDED2_11212%
CLEDZR]1_=72
CLECED2_33275
CLZDEDI_1276132
CLECSEL_&0ST
CLECECZ_18330
CLEDEDI_15250
CLEDSE1_4316
CLSCBO3_BER7
CLSDED3_14573
GLSDRD3I_165326
GCLSO0SR1_2575
GLEDRD2_16477
eLECEZRl_1582
CLEDBD2_SElE2
GLEDED3_1148215

crLEoEEl_727
CLEDBO3_771E
cLEDER1_2£322
CLEDBED2_120E32
CLEDBOI_103454
CLEDSE1_1S5032
CLEDSE1_I554
CLEDED2_101074
SLECEDI_137817
GLECEDI_1l458E
GLSDSRL_1
GLSDSR1_3401
CLSDEOI_116477
crEosel_2212
GCLEDSE1_2457
CLEDED3_11331%
cLEDEDI_137730
crLEnEoI_11312%
CLEDERI_572
crLEnEDI_2227%
CLEDEDI_127612
cLEDEE1_20%7
crLEzEoI_1o220
CLEDBO® _1%330
CLEDZE1_431&
CLECED3_BERT
CLEDBO3_14573
CLECED3I_1e536
GLEDSE1_35735
GLEDEDI_1€477
CLEDSE1_1583
CGLECEDI_S55162
cLEDEDI 113218

CLEDSEL1_727
cLEDREDI_771%
CLEDSRl_ 2633
CLSDEDZ_12062
CLEDED3_ 103358
CLEDERL1_1502
GLEDER1_2554
@LECED2_101074
GLECBD2_127617
GLEDBD3_l4E286
eLIDIE1_1
CLEDEZEL_3401
GLEDED2_11£477
SLEIpIE1_2BlE
CLEDIR1_24327
CLEDECI_11331§
CLSDED2_137740
CLEDECI_11313%
cLEDsREl_5732
GLSDRD3I_23275
GLEDED2_137612
GLEDESR1_4057
GLEDED2_103320
GLSDRD2_15250
CLERERL_421€
GLEDRD2_BERT
eLIbED2_14272
CLEIDBD2_1652¢
CLEDEZR1_337E%
CLIDBOI_1E377
crLEDEEl_ 1582
CLEDEC2_SS1632
CLSDED2_114E1%

Appendices

279 |Page



cLIDEREL_T27
cLEICER2_771E
GLEDERL1_2622
GLECEDI_12063
CLECEDI_103454
CLSOSE1_1802
CLEOSEL_25%54
SLECEDI_101874
GLSORD2_137617
GLSOROA_145R6
GLSOSEL_1
GLSOSEL_3&01
CLEORDI_116477

Ep2_1l1i221%
SLEDED2_127740
GLEDBDI_11213E
SLEIDERY
CLEDEDY_
CLEDEDI_137E13
CcLEOSEL_a037
cLEDEDI_10220
CLSOECI_15ISD
GLEOSEL_431E
GLSOEDI_BERT
GLEOEDI_14573
SLEDEDI_16526
GCLEDERY_3575
CLEDBOI_1E477
EBEl_15E2
SLEDED2_S5El62
CLECBOI_114B1E

SLEISE1_727
CLIIBQ3_7715
GLS05SE1_2&22
GLS0@03_124d€3
GLEJE03_103454
SLEQER1_15322
SLEQEE1_2554
SLEQEC2_101074
= |m2_127€17

GLE0BO3_ 14586
CLEQEEL_1

CLIIBO2_11€477
CLI05A1_3IB1H
ELIIEA1_34357
CLEIBE3I_11331%
SLEQE02_137740
SLEQE03_112133
GLS05SE1_572
CLE0@03_33275
“LEJBo3_137€13
CLEJEE1_20%7
SLEgEz2_10223
SLEgEo2_1=22:=3
GLEQERL_42316
GLE0EO3_ec@?
&L BO3_14%73
CLEJBAI_1E81E
CLIIEA1_3575
CLEIROQ3_1E477
ELEI5E1_1%582
SLEQE02_s51€2
SLEQE0I_1148315%

ELE0EE1_727
ELE0B03_771E
ELE0ER1_2€322
SLE0E02_120€3
SLEOEO3_1034%4
z81_1%32
=p1_2%%3
SLEgEgI_181374
CLE0ETI_1176€17
CLEJE0I_145EE
SLEsasE1_1
CLS2SE1_3401
SLS0R03_11€477
SLS0Sa1_381a8
GLSQSE1_3457
&LEgega_112321%
ELE0803_137740
CLE0BEO03_11213%
SLE0E81_=72

GLSOEO3_152%0
GLS0SE1_4316
GLSJ@03_g6a7
CLEQEDE_14573
CLS5JE03_16€536
CLSISE1_3575
ELETRTI_1€477

Appendices

TEISSARSTIICT TCASTISOCTICASTISICOTICOSCATSSTTTICTICATSSSTCT 480

280 |Page



o go o
-t -

o wgow

L]

CLEOSEL_T27
CLIOEQ2_T71E
CLEODERL_ZEIZ
CLIOBR0O2 _1I0E2
CLEOEO3_ 103453
CLEDSEL_L50Z
CLEOSEL_Z554
GLECEO2_201074
CLECECI_127617
EC2_Li5EE
=21_1
EE1_32301
BO2_11E8477
=E1_3@1E
CLEOEEL_34ET
CLECECI_11321%
GLEDEEI_137740
CLECECI_11212%
CLEDEE1_X732
CLEDEOD3_2337S
CLIODEO3_137E12
CLEDEEL_&O037
CLEOEO3_10320
SLECEQI_LSI5D0
CLEOSRL_&316
GLEORD2_BERY
CLEDEDZ_14573
GLECEO2_1E5326
CLEDEEL_357S
GLECBO2_LE377
GLEDSEL_1SEZ
CLECECI_SELEZ
CLECECI_113B1E

cLEo=E1_727
CLEDBEI_771E
CLEDERL_ZE237
C:.!ﬂ!ﬂ!_l!ﬂﬁ!
CLECEOZ_1O02:%2
CLEDERL_1502
CZ.!H!EI_Z!!:
CLEQEQI_LOLOVE
CGLEQDEQ3I_L3T7EL7
G"_!I:lﬂ]__li!lf
=LIDSEL_L
GLEDEEL_3ISCL
CLEDEO2 116477
crLEoEEl_2ElE
CLEDEE1_2457
cLECEOI_112215
CLECEOI_137740
CLEDEO2_11312%

CLEDERL_a037
CLEOEO3 10330
CLEOEOR _1X33%0
CLEOEEL_&31E
CLEOEO3_BERT
CLEOEOI_145732
CLEDEQI_LESIE
CLIOSEL_2575
GLEQEQI_LESTY
CLEOSEL_LSEZ
GLEIODBED2_S55162
eLEoED2_l1sE1E

sLEoERl_727
cLEDEDI_771E
CZ.!D!!I_!E!!
CLEOED3_1320€E3
C:.!ﬂ!ﬂ!_lﬂ!i!l
G'_iﬂlll_liﬂ!
=nI0SEl_ZI55s
cLsoRO3_101074
CLECEOI_ 137617
CLEDESDI_la586
SLEDZ21_1
sLEDEE1_2401
CLEOBOI_11€477
SLEQER1_2p1ER
SLEQXEE1 _33X7
CLEDED3I_113315
SLEQED2_137740D
SLEOEOI_113135
cLso=g1_s73
CLEDED3_33375
SLEDED2_127€12
sLEDERl_s0E7
cLEDEOI_10330
i:.'_.!ﬂ!ﬂ!_l!l!ﬂ
CLEOSEL_&31E
CLEOED3I_REEREY
SLE0ED3I_1&573
CLEORD2_lE526
cLEo=g1_3s7S
SLECENI 18377
cLEozel_1sE:
SLEDEDI_SZlE2
SLEDEDI_1laE1s

Appendices

281 |Page



Appendices

o w oo o oo T

0o oo o

o w oo
am %
=

o onw oo o oo T

cLECEEL_737
SLEOEDI_771%
SLEDEZE1_2622
CLEDEDI_13063
CLEOED2_1O024%4
CLEDXE1_15D02
CLEDEE1_IS5%4
CLECEDE_LOLO7&
SLEDE03 127617
CLEDEDZ_145E6
srEosEi_1
sLEoEEl_2201
CLEDED2_116477

coEoEEl_2ElE

CLEDZE1_34%7 B e e L L e
CLEDEODI_113318 CTTCTTTCTAT TCATAACTATTCATATCATTCACACACTOSTACATSTATICTCACTTICT 720
CLEDEDI_137740 —— i
CLECEDI_11213%

SLEDSEL_S571
CLE0EQ3_33Z7F
SLI0E03_1376l3
CLEOERLl_s057
CLEOEDZ_10230
SLEOED2_ 12250
CLEDEEL_2216
snEoEnI_BER?
SLEDEDI_12%72
CLEOEDI_1E82€
CLEQEEL_337X
G:.!ﬂlﬂ!_lf:?'l
CLEDSEL_15EX
CLEOE03_SS1EX
SLEoeoa_114Els

cTEozEl_737
SLEoEDI_771E
CLEDEE1_2E22 e
CLEOEDI_1I0E3
cLEDEDI_1034%3
CLEOEEL_15032
CLECEEL_I554
CLSORO3_101074
CLEDEDI_137617
CLECEOI_L45E6
GLEOSEL_1
SLIDEZEL_2401
CLEIDBD2_11E477
GLEIODER1_2Ele
SLIDEEl
CLEDEDI 113318 CASTETCTTACTTCOCCTASCANTT
CLECEDI_1377i0 -
CLEDEDI_ 112135
CLEODSEL_S72
CLECEDI_33275
SLS0E02_137&6L2
SLECEEL_4&O0E7
SLEQBEO2_ 10220
SGLEOEOD2_152%50
CLEIDEEL_&321€
SLEIDED2_BERT
CLEDEDI_13%73
CLEDEDI_1E£52€
crLEDEEL_3%7%
CLSOEDI_18477
CLECEEL_15E82
CLECBOI_SS16Z
CLEDEDI_114BLS

GLEOERL_727 i i
SLEQEQ2_T771E s s s s s s s s s ss s s ss s
CLEIDEEYl_Z2E22
GLEOBRDY 12062
CLE0EDZE_102
CLEODSEL1_15D032
CLEDEEL_ISE4
CLEOEOCZE_101074
SLEQEQ2_1376L7
GLEOBODI_1&5EE
SLEQEEL_L
SLEQEEL_2401
CLEOBODI_11E477
SLEQEEL_2BlB

CLEOEQD3_11331% T T T T AT T A T AR T AT T AT AT AT I CACASACTOSTACATSTATICOTOASTTIST 728

CLEDED2_137740
CLEOEDY _11F13X
CLEQSEL_S572
SLI0RD3_23275
SLE0E02_1276éL2
CLEQSEL_4057
SLS0ED2_lD0220
LI0BED2_1E2I0
GLEIDER1_4216
SLIoep2_ese?
CLEIDED2 12572
CLEDBO3_1E53E
CLEODOSEL_ 357X
CLEOEDI_LELTT
CLECSEL_15B2
SLIDEDI_S3E1EX
GLEOROI_LLIEELE 2 == e e e e e e e e e e e e e e e e e e —————

282 |Page



0o oo o

*

o w oo

ngn g

L]
—_

o oW gw

GLEQEE1_727
SLEJEQ2_771=
SLEQEEL_2€22
GLEJE03I_120€3
SLEOEDI_1034%4
crzgsEl_1isaz
cLEgEEl_z8%4
cLsoEZI_101074
CLEOED3_137617
GLEOEOI_145E6
GLSOSE1_1
cLsOsEl_3401
GLI0EO3_116477
GLEUSE1_3H1E
SLEQEE1_3457
SLEZEga_1123215
SL50803_137740
SLEQEg3_112133
SLEQEEL
SLEZag2
GLEQE03_137€13
SLEQEEL_40E7

1
cLEgEZI_18230
cLEQEEl_4316
cLIgEQ3_EeET
CLEDEDI_14573
SLEDEDI_1ES53E
CLEOSE1_337S
GLIOEDI_1€477
GLEUSE1_15832
CLEOEDI_S3162
GLIOEO3_11481%

cLsg=al_727
crsgEgI_771s
SrEg=sl_ze22
cLEge03_120€3
CLEQ203_10324%4
snEg=s1_isaz
cLEg=R1_25%4
CLEﬂ!ﬂl_iﬂiﬂﬁd
CLEQEQ3_137E17
CLEQEQ3_14%8E
CL!ﬂ!ll_i
CLEQEEL1_32401
CLEQEQI_11€477
CLEQSEL_JB1E
ELE:E!I_]JE?
CLEQEQI_11331§
CLEDBR@3_137740
cLsgEg3_11213%
cLsgsa1_s72
cLsg0E03_33275
cLE0203_1376132
crsgs=a1_s0%7
srEgEgI_i022m
cLE0E03_1%2%50
cLEQE21_3216€
EETEEERCLLE
sLEgEgI_14%73
cLEgEg3_1€33€
cLEgEal_az7s
GLEQRQI_1€477
CLEQE=EE1l_1%82
CSLSO0BE03 _S31E2
CLEQEO3_114E1E

CLSOSEL_727
CLIZOEDI_771%
GLSOSH1_26232
CLSOE03_12063
GLS0a03_103454
CLE0SE1_1502
SLEQE21_3554
GLS0a03_101a74
SLEfan3_1137e17
CLEDOEO3_14%8E
SLEQE2L_2
GLEQEE1_3301
CLEQRO3I_11€477
cLIOsE1_3E1E
CLEIgEEl_34%7
SLEOEgI_11331%
crsoEgI_117740
CLEZOEO3_11213%
cLEQEE1 %732
GLIOEDI_3327%
SLIO0E03_137613
CLEQEE1_4057
GLSORO3_208338
@LEQEO2_1s3:=0
GLE0SA1_4316
CLEdan3_gea’t
SLEQEO2_1:272
SLEQEOZ_1€52¢€
GLEOER]_3E7%
CLEQROI_1E477
SLEQERL_15822
SLEQRO2_SE1E2
CLSOEOI_11481%

Appendices

AT A S T A A A T A S S AR ST oI S oA SIS T SCISAASATSSATSTACTISCITITITISONS 720

AR AR ST I I SO CACT ST ICICI TS CACCCAASTACOSATIAADSSASTITOOACT B840

AT A R A A T AT T I S I I AT AT AT COATCIOSITSSSAATSISISATARSTST 508

283 |Page



n oo T

]

o wow

‘—

SLEQXE1_727
CLEOEO3_J771%
GLIEOS81_ZE€3IZ
SLE0EQ3_137083
SLEJE02_2103454
GLIOZE1_1%32
SLE0581_2554
SnLE@Ega_101074
SGLEJE03_137€17
CLEOJEO3_1458¢€
SLEQZEL_2
SnLEgzEl_2402
SGLEQEO3I_11€477
GLEOTEL_
SLEQ38],

SLEIQEQ2_127740
CLEQEQI_11213%
CLEONEL_N72
cLEOEDI_3327%
CLEOEOI_137813
GLEOZE1_4057
GLSOE03_10330
cLEgEc3_15250
crzgzay 4316
SLEQEQ3_g€a?
SLEQEO2_143272
GLEORA3_1E53€
CLEQZA1_3E7E
SLEQEQ2_1€477
SLEQE21_15822
SLEIQEQ3_SEleEz
SLEQEQ3_11481%

CLECDEEL_727
CLEQDEO3_771%
CLEDER1_ZFE22
CLEDED3I_1ZFO0E3
CLEDED3 103422
CLEOSEEL_1502
CLEODSEL_I554
CLECDEODZ_1D0107&
CLEOEDI_LITELT
CLECEDI_L4SEE
crEosEl”1
CLECSEL_3401
GLECEDI_11E477
GLEOSEL_3818
CLECEEL_3857
CLEDED3I_11331%
CLECED3_137740
GLECE03_11213%
SLECEEL_272
SLECED3_33275
SLECER3 3ATEL2
CLEQC=R1_20X7
CLEQDED3_10330
CLEDED3_1X2%0
CLEDEEL_&31E
CLECECZ_BEEBT7
CLEDEODZ_14572
CLE0OEO2_1ESIE
CLS0SRE1_ 23575
CLE0BO3_ 16477
CLECSBL_1582
GCLECEO3_S55162
GLEDED3_11281S

CLEDER1_727
CLEDED2_T771E
SLECERL_Z2&22
GLEDEO2_12062
CLEDED2_1024%2
CLEDEE1_1502
crLIozEl_ 28534
CLE0ED3_101074
CLECEDI 127617
CLECEDI_LS5EE
CLEDSEL_I
CLEDSEL_3201
CLECEDI_11E77
GLEOSEL_3B1E
CLEOSEL 3857
CLS0@03_112315
SLE0@D2_127740
GLS0R03_112135
GLEDERL1_S572
CLEDBDA_33275%
CLEDED2_127EL12
CLEQDERL_S0E7
eLEIteg2_1o220
SLEDED3_1EX2%0
CLEDEEL_431€
CLEDED3I_BERT
CLEDEDI_14%732
CLEDED3I_1EBIE
CLEOSEL_ 3575
CLECRO3_L1E477
CLEDSEL_15B2
CLZDEDZ_S3183
CLZ0EOZ_114E1S

Appendices

ATACATOCTITITCRA SEATEITATCCICTIOZATACTEASITAZIACIT EBED

TASZ 1020

284 |Page



b
c* I

-]

0 on o

]
=

o oW oo

o oo o

L]
—

o uVw ow

cLEgEEl_727
cLEgEgI_771%
cLEOXEl_26232
CLEOEQI_12063
crnEoEg3_1034%4
crEosEl_1%32
CLEOSE1 2834
crsoEg3_101074
CLEOEQI_137€17
CLEOEQ3I_14586
CLEOSEL_1
cLEoXEl_3401
CLE0EO03_116477
cLEQEEI_3@18
CLEQEEI_3457
SLECEE3_11331%
cLEoEE3_137749
SLECEEI_113213%
sLEOEEl_%72
sLEoEDI_2337%
cLECEDI_137613
SLEDEEI_S0%7
crEoeoa_103

SLEQBEQ2_1323:0
SLEQERL_221¢€
SLEDEg2_B2E27
SLEQEO2_ 14272

(=~ 111} =
SLEOEQ2_1€477
SLEOZR1_1%82
CLEDBEOI_SX1E2
CLEOBEO3_11JE1S

crEox=E1_727
CLEOEDI_771%
crLEOZEl_2€22
GLEOEODI_12063
GLEOBEOI_103434
crLEOsEl_1502
crEozei 2554
SLEQE@3_292074
SLEOEA3_137617
GLSOBO3I_14386
SLEOSEL_ )
SLEQ=E1_32401
CLEOEO3_11€277
SLEDEE1_3818
SLEDEE1_24357
SLEQEQ2_11221%
SLEQRQ2_1277:8
SLEDE@2_113213%
SLEDEEI_=72
SLEOE0 275
SLEOEQ2_137€132
czzozei_gomd
CLEOEeg2_ 10220
CLEOBEQ2_1%23%0
SLEQERL_J21€
CLEOEOI_EEET
crLEOEDI_14373
CLEOEDI_1E538
cLEDNEI_3NTS
GCLEOEODI_18477
CLEOSEI_15E2
CLEOEDI_SS162
CLEOEODI_114E1%

SLEOsE1_727
SLEQEQ3I_771s
SLEOSE1_2€322
CLEOEQ3I_12063
SLEDREQ3_123454
SLEQEE1_15:232
SLEQZE1_2554
SLEOEA3_181874
ELEAEA3_1376€17
SLEOEA3_14%E86
ELEQSE1_1
CLEOSE1_3401
SLEQRQ3_11€477
SLEQEE1_2218
SLEDER1_24127
SLEQE@2_11221%
SLEDE@2_12774:8
GLEORE2_11213%
SLEpEE1_=72

SLEQEQ2_10223
CLEOEQ2_1%2320
SLEOEE1_J31€
SLEQEO2_BERT
SLEQE@2_14272

CLEDBEQI_SE1E2
CLEOEQZ _114B1%

Appendices

ST I T A A T T oA S o oSO oo T TAC AR CACSISICICTATTARSTSTACCTICOT 1140

T T AR AR TIACTICATI TAC AR S SIS CAT CTTATICOOCACARTCISCTICDASEA 1200

285 | Page



Appendices

SLEQERL_727
SLEQEQI_771E
SLEOEEl_2€£22
SLEQEQ2_120€2
CLEIOEQ3I_103424
GLETOoEE1_1%02
SLEQEEL_25:=4
CLE0EO3I_101874
CLEOEO3_137€17
CLEOQEQI_145EE
CLEOEEL_1
CLEO0XE1_3401
CLEQEQ3I_11€477

CLSO0SEl_3El@ o P

CLEOSELl_3457 e

GLIO0ED3I_11331% T S A A A A S S A A TT ST AT T O AT SO S AT ICAAATTISTSOTTICATSOCTTSSTONT 1320

GLEQEQ3_137740 -

SLEoE03 112138
cnEo=al_s7z2
cLEoE03_33275
CLE0E03_1376€13
crEoza1l_d0%7
cLEgEO0I_10220
12250
crEoEel_d316
snEosoa_zear
cLEO0E0I_14%72
cLEoEOI_1€53€
cLEgEal_3%7S
GLEOEO2_1€377
cLEgEe1l_lzaz
SLEOEO3 _SX1&2
CLEOEQI_114E1E

SLEQsE1_727
GL!EIE]_Z"J].!
CLEOSE1_2€33
SLECQEQ3_1320&3
cLEOE0I_1034%4
crsoss1_1saz
cLEosEl_2554
cLsOo=03_101074
cLE0E803_137617
cLEOE0I_14%a€
crEo=E21_1
crsoEs1_3401
SrEoe02_116477
crsoss1_z:1a

_137€12
cLEOEE1_49%7
crEosoI_lo0220

CLEQER1_J31&
CLEOQOBEQ3_BERT

C:.!ﬂlﬂ]:li-l‘.“)
CLEOEEL1_1%B2
[~%-1-1 ] _SE1E2
CLEOED3_11481%

CLEOSE1_2727
CLEOEQ3_771%
SLEQSE1_2ei2
SLEOEQ3_12083
SLEQEQ3_1903454
CLEQSE1_1%32
SLIQSE1_2§34
CLEOROA_101074

cLEgEg3_137€17
CLEQECI_1458€ —————————
crsosEl_1 e —
crsosEl_3401 e ——
CLEDESI_11€477
e T I ———
crEsosEl_24%57 S —
SLEDE03_113315 TTTCCOARCACACSASATTETATIOCAT TTCARNTTCTCCTICATCSCTICSTOCT 1320
CLEQECI_137740 ——

cLEZE0I_11213%
cLEgzzi_x72
cEgec3_33275

SLEQEQ2_137€12
GLEOZR1_J4a57
SLEQEQ2_10230
SLEQEQ2_1322:0
SLEOZRL1_4&31¢
SLEoEg2_=2€27

cLEOE02_1€477
crEoze1_1zaz
CLEQEQI_SE1&2
CLEOBOZ_114E1E

286 |Page



Appendices

CLEQEE1_727
CLEQECI_771%
CLEQSE1_2€332
CLEQEC3_l120E3
CLSEQEC03_1Q03454
CLEQSEL_1502
SLEQERL_25E4
SLEQEC2_1g02074
SLEQEQ2a_127€17
SLEQE03_14328¢€
GLEQEE1_1
GLEQEE1_3301
SLEQREQ2_11€£477
SLEQEEL
SLE0EE]1
SLEQEEI_11331%
CLEQEZI_1377&8
CLEQEZI_11313%
CLEQSE1_X73
CLSE0EQ3I_3327%
EL50803_137613
ELS0SE1_Jd057
SLEQeg2a_1g0222
SLEQEQ2a_1s3:=2
SLEQERL_s21¢
GLEgRg2_Bea?
GLEQEQ3_ 1432712
GLEQRQI_1€E53E
SLEQEEL_2:=7=
SLEQEQI_1E277
CLEQSE1_1SEZ
CLEQBECDI_S31€2
CLEQECI_114E1N

AR AR T R I T ST A ST T oI T S T S T oA S ARATATTOTTTOAASTSTTITOSATSSSS 138

EL50581_727
EL50e03_771s
GLEQSE1_2€22
SLEQBECQ2_1:z2Q0e€2
SLEQE03 103424
SLEIgES21_18502
GLEQEEL_25%4
GLEQRg3_101874
GLEQROI_137E17
CLEDEO3I_143EE
CLEDSEL_1
CLEDEE1_3401
CLEDBODI_11&477
CLEOSE1_J818 -
SLEQSE1_34357 -
SLEQ@03_113315 AR AT I AR TAT I ST AAT CAT CTACTICITCASTACCATAACCOTCECATAZIT 1441
&L50@03_137740 Bt
EL50803_11313%

n g0 g

o w oo

cLEQE21_%72
cLEgeg3_2237%
cLED203_137£13
cLEoERl_s0%7
crEoeg3_ig23n
CLEOQEQI_13X230
CLEQJEELl_&431E
CLEQEQI_HEEY
CLEDBROD3_14373
CLEDEDI_1ES1E
cLsgEal_2s57s
CLEO0E0I_16477
cLEO0EE1_1582
cLE0E03_ss16z
cLE0E03_11481%

creozEI_727

crsoEgI_771m
crIoxEl_ze€22
crEoEO3_
crsoea3

SLEQED3
SLEQED
GLEO=a
GLEOER1_3401
SLEQED2_11£277
SLEQEBL_3281LE
SLEIDEEL_2:2E7
SLEIDEO3 112215
GLEQRO3_137730
CLEQEQZ_11212%
CLEQEEL_X72
CLEOQOEO3_I3I7S
CLE0OE03_137€13
CLEOSE1_<O057
SLEQEQZ 23
SLIE0E03 SIsQ
CLE0SE1_4316
CLE0RO3_@Eea@y
SLEQED2_14572
SLEQREDZ_16€52¢
SLEQERL_2:57E
SLEQED2_1€2877
cLEQEEL_1582
GLEQROI_SElE2
GLEQEO3_114B1%

AN TECITACI IO T IOCASCASDoC AR ICn

287 |Page



b*|
c'

bl

CLEOEEL_727
SLI0R03_T7715
ELEOERL_Je32

&Lsoens
“LEQED2
SLEQES
GLEOERL_3301
SLEQRD2_11£277
GLEOER1_3818
SLEQOEBL_34E7
SLEQEOD2_11221%
SLEORO3_1377420
SLEQED2_11312%
cLEgER1_=72
SLEQRD2_22278
CLEQOEO3_L1327ELZ
SLEOXE1_&40%7
CLEQOEO3_103220
SLEOBRO3_1X2%0
CLEOXEL_J31E
CLEOJEQI_EEET

SLEORO3I_IESTT
SLEQOEE1_1582
GLS0R03_S5S5162
SLEQED2_115E13

SLEDEZEL_727
SLEDED3_771%
SLEDEZEL_2€E22
SLEOED3_120E3
CLEOED3_10335:
CLEQEEL_1s02
CLEDSEL_IS3&
CLEQEC3_101074
CLEOEO3_137&17
cLEoEoI_1:ssE6
cLEossL
crEoss:
(=% 1-FLE)
crEoss:
crEosEi_
cLEOEOD2_112321%
cLEoEmI_13774n
CLED203_112132%
sLEoEEl_=72
CLEIODEDI_3337%
CLEDEOI_137€12
SLEDEE1_&0%7
CLEODEQ3_103220
CLEODEDE_1X2:0
CLEDSEL_&318
SLECEQI_BEET

SLEQEEL_3575

GLS0RO3
SLEQEEL
GLS0RO03_S5S162

SLEQEQ2_114E15

18477

cLEOEZ21_727
cnEoEoI_771s
cLEOEZ21_z622
cLEDEDI 12062
cLECEDI_1038%3
cLEoEEl_1802
cLEOTEl_25%&
CLEDEDE_101074
CLEDEC3_137&L17
CLEDEDI_L1E35EE
CLEOSEL_1
CLEODEEL_3&01L
SLS0E03
SLEOSEl_2@:l@
cLEoEEl_3as57
CLEOEQI_113315
crsoeoz
cLECEoI_113izs
cLEQEZ21_%72
cnEoeoI_2227%
cLED2D3_1276132
cLEo=El_s0s7
cLECEmI 10330
CLEDED2_132%0
cLECEEL_&216
cLEoeoI_zeey
cLEDEDI_ 12573
CLEOBED3_1ESIE
CLEDSEL_I337%
CLEDBED3_1E477
CLEOSEL_1SEZ
GLEQEQ3_S5l1e3
GLI0E03_ E15

Appendices

288 |Page

SITITCITCTIISITSS 1620




SLEOSEL_T7I7
CLEOEOI_771%
CLEOSE1_Z63Z
CLEOEOI_ 13063
CLEDEOI_LO3ES
cLEOEE1_1503
crEgEEl_28%3
CLEOEOI_101074
CLEDEOI_13ITELT
CLEOBEOI _L4%BE
CLEDEEL_1
SLEQEEL_Z&0L
SLEQEQ3I_L1EsT7
=nLI0SEl_32ElE
CLEOSE1_3:57
crEoeoa 112215
crEoeoa_127740
crEoeoa_11212%
crEozel_s=7z2
crEgeDa_2227%
CLEOEQZX_LIT7ELZ
CLEOXEL_Z0%7
CLEOEO3I_10330
CLEODOEO3I_L1X330
CLEOSEL_&316
cLEORD2_2ER7
cLEORDI_12E72
CLEORD2_LES26
crLEOEEl_257%
CLEOEDZ_1E277
CLEDSE1_1BE3Z
CLEOEO3_SE1E2
CLEOBEO3I_L114B1%

SLEQEREL_T727
SLEQEQ2_T7LIE
SLEOEEl_ze3z
SLEOEO3_12062
CLEDEOI_1034%8
g1_1z02
g1_z22s
CLEODED2_101078
CLEOEOI_137E17
CLEOBEOI _L43EE
CLEODEEL_1
CLEOEEL_ZESOL
CLEOEQ3I_L1ESTT
SLEQSEL_ZElE
srEoEE1l_248%7
SLECEOI_113215
SLECEOE_127740
SLECEOE_11313%
snEo=el_s72
CLEOEO3_3327%
CLE0EO2_L27EL2
CLEDXZEL_Z037
CLEOEQ2_10220
GLEOEOQ3I_L53IE0
GLIE0SE1_&S316
SLEOEO3_EEET
SLEoEOI_ 18373
SLEoEO3_ 18526
SLEOE21_2357%
SLEDEO02_1E277
SLEOEE1_l3E2
SLEDEOI_SE1E2
CLEODEOI_11281%

CLEOSE1_727
CLIOEQ3_771E
CLEDEE1_2€22
CLEOE03_120€3
CLEOEO3I_103454
CLEOSE1_1%502
CLIOSEL1_25%54
CLI0EO03I_101074
CLEQEQI_137€17
CLEQEQI_145HE
CLEQSEL_1
SLIQEE1_Z3401
SLEORDI_116477
-’J'_Eﬂiliﬁfilii
GLEQSE1_3457
SLE0E03_113315
CLEDEQ3I_137740
SLEO0203_21213%
cLEosal_s572
cLEoE03_3327%
G'-!IJIH]_I]‘.“]J
CLEQSE1_4057
cLE0=03_10330
cLE0E03_1s2%0
sLEossl_s316
SLE=oE03_sea?
cLEo0E03_14572
SLEOR0I_1€526
SLEOSE1_357%
SLEOR03_16477
cLEgss1l_1s53z
CLE0E03_5E162
SLE0E03_11481%

Appendices

1740

A A AR R S S AR SO O AT O S S oo TCASTATTIICTARSSATSTOSACSACACASITACT 1200

eI TR I T o L S A T AT A O A TS T TS SATCACAA TS ACACCATSTARCATS 1860

289 |Page



0o gn T

oL oo

n on g

T U oW
_ et

*

ciEosal_727
GLE0Ea3_371s
SLEOER1_2€22
SLE0E03_12062
CLEQEQ3_103454
GLEOSE1_1502
SLEQER1_2554
cLEDEQ3_101074
GLE0EA3_137617
cLI0ag3_14586
GLsgsEl_1
GLE0SE1_2401
SLEQE03_116€477
GLEOSE1_381@
CLEDSE1_34%7
GLIOEDI_11331%
SLEDEN3_137740
CLEQEQ3_11213%
GLIOSE1_S572
GLIgE@I_3327%
CLEDEOI_137613
CLEDSE1_40%7
crLsoEO3_1033a
CLEDEDI_152330
crxoxEl_s3lE
GLEOEOI_EERT
SLEDEDI_14573
CLEDEOI_1683E
CLEDXEl_3I7E
CLIOEOI_1€477
GLEDSE1_1S82
crLEOEDI_sSE162
CLI0EOI_114E1S

crEgEEl_727
cLEOEQI_771%
GLEOEEL_2€232
SLECED2_12062
CLEOEO3_1034%4
SLEOXE1_1%02
SLEQEE1 _JE5EJ
CLEOEDI_101074
CLEOEOI_137€17
CLEOEQ3_145HE
CLEOSEL_1
CLEOZE1_3401
SLEOEQI_11€477
SLEOXE]_3E18
CLEOSEL_J34357
ELEOEQ3_11331%
CLEOEO3_137740
CLEOEO3_11213%
CLEOZE]1_3732
SLEOEQ3_3327F
CLEOEO3_137€13
CLEOSE1_&O057
LEOEQ3_10333
CLEOEQ3_1X233
CLEOSE1 <316
GLIEO0EQ3_EE&da7
SLEOEQ3_14573
CSLE0BE03_1€S53€
sLEasE1_3s57s
SLEOEQI_16477
CLEOSE1_1532
CLEO0EQ3_S5182
GLEOEQ3I_114E1S

GLSOSE1_727
SLEQEQ3_7715
CLSO0SE1_2622
GLS0EO02_120632
SLEQE03_103454
SGLEQSEa_1s5a2
CLEQSE1_Z554
GLS0EO03_201074
SLEQEQ2_137€17
CLEQEO2_14%2€
GLsosE1_2
SnLE@ZE1_2401
CLEQEO2_11€477
cLEQEZ1_2E218
GLEOSE1l_2457
SnLEgEga_11221%
CLEQEO2_137740
GLEOE02_11213%
SnLEgzEl_=72
SLEQE02_2227%
CLEQEO3_137€13
GLEOSE1_4057
SLEQEQ2_10220
CLEOEOI_1E2EQ
GLEOZE1_421¢€
SLEQEQI_R2€a7
SLEQEO2_14572
GLEOET3I_1E32€
SLEQIEL_2:73
CLEQOEQ2_1€377
CLEOEE1_1583
GLESO0EO3_S5162
SLEOEO3_11481%

Appendices

CICEACCTITOCAATASTICOSCTITATASITAT 1530

1%EQ

290 |Page



n oo T

]
=

o woao

CLEOZEL_727
CLEDEO3_T7T71S
CLEDSEL_ZE23
CLEOEQ3I_1Z0&3
CLEOEQI_1D0355%
CLEQOSEL_1503
SLEQEZEL_325:53
SLEOED2_ 101074
ELEOED3_137EL7
SLEQED2_14E86
SLEDEEL_ 1
SLEDEEL 2401
SLEOBEO3_11E377
SLEDETEL_3ElE
CLEOZRL_2437
CLEDOEO3_11331%
CLEDBEOI_1377&0
CLEDEOZ_113Z13%
CLEOSEL_S72
CLE0EO3_32327%
SLEQEQ2_1237EL2
SLEDEEL_s0E7
SLEOEOD3_10330
SLEDBEQ2_133:0
SLEQEEL_s21€
SLEpED2_BEERT7
SLEDEO3_ 14572
CLEDEO2_1ES2E
SLEDEZEL _IEXT7E
SLEQEQ2_1E477
CLEOZEL_15B81
CLEDBEO3_SI1E2
CLEOEOE_11SELS

SLEQEEL_T727
SLEOEO3_T715%
CLEDSEX_ZE232
SLEDEDZ2_12062
SLEDEOZ_l102sE4
SLEDEEL_ 1502
SLEOZEY_25%3
SLEDBED2_101074
SLEDEO2_127ELT

CLEDEDD_ BE
CLEOSEL_1
CLEOSEL &0l

CLEOEOE_L11EQTT
CLEOZEL_ZELE
SLERZEL_24357
SLEQEQZ_113215
ELEQEON3_1377&0
SLEQEQ2_11313%
SLEDEEL_=72
SLEDER2_2227%
GLEOED2_137€12
CLEODZEY_I0E7
SLEDBEOD2_1OD220
SLEpEo2_rzzEg
CLEOXEL_&21E
CLEOED3_BEERT
CLEOEOI 14573
CLEOEOI_1ES1E
SLEDZEL_23575
SLEQEQZ_16477
SLEOSEI_1583
CLEDEO2_SS5162
SLEQEQ2_11481%

CLEOSE1_737
CLEORQ3I_7715
CLEOEE1_2€232
ELE0823_130€3
5’"—!5]3]___15]4!4
SLE0581_1532
ELEOSE1_2554
5’"—!5]3]‘_'151114
ZLE0E23_137617
srEgEea_14&sa€
crEosel_1
STEgEEl_3401
SLEDESI_116477
srEzEzi_z218
crESEEl_34%7
cTEgEga_11221%
srEZaza_127748
cLEgEgI_112138

7€112
cLEDEEl_J0%7
GLSOAOI_1033a
cLsoEnI_132%0
CLEOER1_431€
GLEDBOI_BERT
SLEOAOI_14573
SLEDR0I_1653E
GLE0581_3575
CLEQEQ3_1€477
GLE0SE1_1582
GLE0R0I_S5162
crEoe0a_11481s

Appendices

AT AT A AR T A S ST T O o CATASAT S S ST I IO OSSO CTCTACSSSAASATSSTOOS 2100

AT SIS I ST TAT oA S SO o o TACAT OO CSRACAT ST LARAASSCTATOTICICTAS 2160

2223

291 |Page



o gon g
=

o oL oo
PR

*

GLEOEE1l_727
CLINE0I_771%
cLEO=El_2€22
CLI0E03_120632
CLINE03_103434
GLEQEE1_1502
ZE1_2834
BO3_131374
SLEZEDI_137617
CLEDBDI_14386

SLEQSEL
CLEOE03_1131318%
SLEJEOZ_137740
CLEJED3_11313%
CLEISR1_%72
CELEJEQ3_32327%
CLEJEO3_137£13
SLEQSE1_<057
GLEJEQ3_10333
SLEJEO03_15350
SLEQEELl_431F
cLEI803_g€a?
SLEQE03_14573
SLSJE03_16e53€
SLSISE1_3575
SLEJECI_1€477
SEgsE1l 1583
cLE203_s5162
CLEQE803_114815

SLEQCSEL_7327
GLEQEQ3_TT7LE
CI'_!E!II_ZEZI
SLEOEO3_1320e3
CLECEQE_L03454
cLEDEEL 1502
CLEDSEL 2554
G"_!EIII:I]_,ID!I:I?:
GLS0R03_1376817
CLEDED3_1&%86
srEpse1_1
cLEDSEL_ 2201
CLEDEO3_116477
crLEosEl_381@
CLEDEEL 3457
SLECEO2_113315
SLEDE02_127740
CLEDE03_11313%
cLEosEl_ =732
CLEDED2 22275
SLEDEOI_137613
ScLEDEEL_s0%7
cLEOE02_10230
SLEoEo3_1s=3s0
cLEDEBL_2216€
crEoEna_gesr
SLECEO2_14%72
SLEDE02_16526
CLEDEEL_357%
GCLEDE02_1€477
CLEDEEL_13832
sLECEO2_sSE1ez
GLEDEO2_114215%

cLEDEEL_727
SLEDED2_T771S
cLEDEEL_2€22
CLECEDI_12063
SLECED2_1034%4
crLEDEEl_1802
cLEDEEL_25%3
SLEDED2_101074
CLEDR _137E17
CLEOBEO2_13%EE
CLEDEEL_1
crLEOEE1_3201
SLEDEDI_11€477
CLEOSEL_JELIE
CLEQDXEL_333%7
CLEOEQ2_11221%
CLEDEO2_137740
CLECEQE_LL1I13X
GZ.!H!II_!'JI
CLEOEQR_3137%
CLEOEQ2_127E1Z2
C:.!ﬂ!!l_iﬂ!?
SLECEQZ_10320
G’_!ﬂiﬂ]_l!l!ﬂ
CLEOSEL . 1&
CLECEOX_BERT
ﬂ!ﬂlﬂ]_l:!?]
CLECEQOI_l1e53@
CLE0SEL_3575
CLEDEOQR_1E477
CLEOSEL_1S5E2
SLICEQ2_SI1EZ
GCLEOEO2_11:iE1%

Appendices

T A A T T AT S AT T TACA T AT T CTARCARATECASTOTOCARACASAATATOSTATT 2280

AR AT T T e oA O A O S A R A ST TAT SO AR AT AC S TO oA A RCAS SR

292 |Page



SLEIOoEEL_T27
CLECBEO2_T71X
CLEOSEL_ZJEIZ
CLEDED3I_13063
CLS0BD3I_1034542
CLEDSEL_1502
GLEDERL_25%4
GLEDED2_ 101078
GLEDEDI_13T7E17
cLEIDBEDI_l4ZEE
cLIpEEl_1
CLEOXREL_3401
CLECBO3I_11E477
CLEOSEL_JHE1E
CLEOSEL_3457
CLESODEDI_11331F%
SLEDBDZ_127740
GLEDBED3_112135
GLEDERL_=T72
GLEDBD2_ 33275
GLEDEDI_137E13
SLEDERL_SCET
SLIO0BD3_103230
CLEOBO3_ 12220
CLEOXRL_431E
SLISCDECD3I_EERY
SLSO0ED3_14573
GLSOBOD3_l16526
SLEDSRL_2575
SLECBOZ_1E477
cLEpEEl_l5B2
SLEDBED2_SE1l62
SLECDBED2_ll4B1lE

CLECSEL_727
CLECEDA_7715
CLECSEL_2E22
CLECEDI_12063
CLECEDI_102458
SLEDEBL_1502
CLEDEBL_25%4
SLEDBED2_101074
SLIDED2_127E1Y
SLIgeD2_1l4zEE
crEozel_1
crEpEEl_3401
CLECEDI_11£477
CLECSEL_3B1E
CLECDSEL_3357
CLECEDZ_ 113315
GLS0RD3_137740
CLEDBD3_112135
cLEDERL_S572
CLEIDED2_22275
CLEDBO2_127E132
cLEpzEl_4027
cLEIpED3_10230
CLEIDBEDI 12220
CLECSEL_4316
CLECEDZ_BERT
crECEDI_ 14572
CLECEDI 16536
CLECSEL_ 2575
SLECEOD2_1E477
SLEDSRL_1582
CLEDEBD2_52162
GLEDEOD2_11l4B1%

cLEIpzEL_T727
cLIpED2_771E
CLEIDEZBYL_2E22
CSLEOEO®_13DE3
CLEDEDI_I1D03&%3
CLEOSEL_1503F
CLEOSEL_FEXd

Appendices

ATATCOACTAARSCAASASI ST

ARACTTATTATCOTCOAAT 2460

O S T T O A S S T A A A T T AR TO ST S CATTOACTSTASOSATSTASSTSSAATTTITS 2520

CLEOED3_10107&
CLECEDZ_ 137617 o
CLEDEDI_13586 o
crsoser 1

SLEOSEL_3401 e E e EEEE e E e m e EEm e m e m———————————

CLEDBO3_11E377 B e
SLIOZEl_2EB1E
GLEOZEL_2457
BED2_112215
cLIDED2_ 127740
cLIDED2_11212%
SLEOEEL_X72
SLEQEQE_ 33275
SLEQEQE_I3ITELR
CLEOXR1_20XY
SLEOBEDZ_lO0230
SLEDBEDZI_LE35D0
SLEOSBEL_&2l6
GL30RDI_RERT
GLSO0ROD3_14572
SLEIDED2_lE52€

1

SLE
SLEDBOD?
SLEIDBEOD2_1l4E1E

S521e2

293 |Page



b*|

bl

CLEDEBRL_T27
SLEOED2_TT7LE
CLECEEL_ZEZZ
CLEOED® 12082
CLECOECE_1LO03a54
CLECEEL_1502
CLEQSEL_ZS554
CLEQECI_LO01D07&
CLEQEQ3I_L3ITELT
CLECEQI_L&SES
CLS0OSe1_1
CLEOSE1_3&01
GCLECBO2I_116477
GLEOSEL_281E
CLEOSEL_2457
CLECECI_113315
crECEC2_127740
GLEDEDI_11213%

SLEDED2_22275
GLEOBED3_137E13
CLEDXZEY_ZO0E7
SLEDED2 _lO220
GLEOED3_1X2%0
CLEDZEY_Z31E
SLEDED2_BERT
CLEQED2_14X572
CLEQOBECDI _LESIE
CLEOQOEBRL 275
CLEDBED2_1EZTY
CLECEEL_LSEZ
CLEOED3_SELEZ

o wogw o oo T

*

b*|
k3

k1

CLEOEO®_11IELlS

GE!B!IL_TIT
CLSDRED3_T71S
CLEDSEL_ZE3X
GE!EIEJ_IIEEE
CLEDBEDZ_1O0Z453
CLSCERL_1502
CLSCERL_255&
GL!B!DI"IEIETG
CLEDED3_137E17
CLEDEDI_1S5EE
cLECEE1_1
CLSDSEL_3401
CLECEOI_218477
CLSCEEL_381E
CLECEEL_3257
CLECED2_112215
cLECEnI_127740
CLECEOI_11313%
cLECERL_S572
GCLECED2_22275
sLECEOnI_127612
CLEDEBL_S057
CLECED2_10220
SLSCECEI_153%0
SLECERL_43216
CLECED2_BEET
cLECEC2I_13272
CLECEDI_1E52¢
CLECERL_257%
CLECED2I_16277
sLECER1_1Z82
CLECEOI_SE162
CLECED2_114B1%

CLEQDERL_T727
CLEpRR2_T771E
CLEIDERL_2622
CLEICEOI_120€3
CLEDED3_1O033EZ
SLIDEIEl_1502
CLEIDERL_25%4
CLEQRD2_1010732
CLECECI_1I7EL17
CLECEOI_13%BE
crLIoIEl_1
CLECEEL_3401
CLEIDBEDI_11E477
CLECERL_3B1E
CLEDEZEL_3357
CLECEOI_113318
CLECEOI_137740
CLECECI_11313%
CLEDSEL_572
CLSCECI_33375
CLSCEOI_137612
CLEDSEL_SO0%7
CLECECI_10320
CLSCECI_15350
CLSDSEL_S316
CLEDECI_BEET
CLSCECI_14573
CLSOEDI_1E536
CLSDEEL_3575
CLSCECI_1E277
CLSOSEL_15EZ
CLSDECZ_SS1E2

CLEDEDZ_115EL1S

Appendices

2E40
2700
A A S ST A ST I T I ST T A S TO oSO S TISAATACASATSCICTITATOCATSNS 2760

294 |Page



o on o

L]
==

o w oo

o oo g

L]
==

o w oo

crzozel_727
SLEQEQR_TTLE
CLEOSEY_ 2623
CLIOEDI_1Z063
SLSOROI_103454
GLE0SE1_1502
SLEQEEL_35Es
SLEQEQ2_lO1074
SLEQEQ2_127E17
SLEOEDI_L14NBE
crzgzeE1l_1
CLEQNEL_3401
GLSOROI_1LE4TT
SLEQEEL_ZElE
SLEOSE1_3457
SLEQEQ2_ll2215
SLEQEQO2_127740
CLEOEDI_ 112138
SLsoxEl_X72
CLIOEDI_ 33275
GLSOEDI_137613
SLEQEEL_s057
SLEQEQE_1po2210
CLEQBO3_1EZED
SLEQERL_S21¢€
SLEQECE_B2eR7
CLSOEDI_ 14573
CLIOEDI_1E53E
CLEOEE1_3%7%
GLSOEOI_LE477
SLEQERL_L1SEZ
&LEOEO03 55162
SLEQEO03_114B1E

SLEQEBEL_TZ7
SLIEO0EO3_TT71E
SLEQSEL_ZJE22
SLEO0E03_13062
SLECEOI_102354
snEo=ei_1soz
srEozEl_38%s
£LEI0E02_101074
SLEQEQX_LITELT
CLEOEO3 _1E35BE
SLEO0SEL_1
crsoEsl_3so0l
SLEOSOI_116277
snzo=ey_zeie
crEoEel_34%7
CLE0E03I _113315
C:!ﬂlﬂ!_l!??lﬂ
CLY0EOY _I113713%
CLEOSEL_S572
SLE0E03 33375
SLEO0EOI_127613
cLEOEE1_s0%57
smEosoI_to22n
srEoEOI_1EIED
CZ!U!!l_i!IE
CZ!H!U]_IE!T
CLEOEO3_14573
SLIE0E03_1E536
SLEQSEL_3575
CLEOROI_16277
_1sez
_s=1ez
I_11481%

snEo=ay_727
cLIgEOr_771%
CLEQZEL_2E23
SLEQEQZ_I
=nI50E02

srsgo=E1_1
cLE0=E1_2554
£LEZ0E02_101074

CLEQERL

SLESSE1_3818
SLEOSE1_3457
CLEQECI_213315
SiLEZEOI_227780
SLEZEOI_11213%
SLEQEEL_272
CLEJEQX
SLEQEQR
SLEQSEL
SL30E013
GLEQE02I_152%0
CLEQES1_$21€
siLEzEoI_geeT
SLEZEODI_12%732
SLEQEOY _L1ESIE
CLEOZEL_I373

SLI0E03_S351e2
GLEOEO3_114B1%

ARATSTACTASICIORATARDS

TATCCAGRARACCICATTICT

Appendices

AR TATATCIAACAASICOSCICTIOoCARATSCTACA 2820

A AT TATTCT T T TATTATAASAATSSTTOSTATAATOOANACACS 2880

ATSSATEZOSTISACCTATICITIIC 2540

295 | Page



Appendices

0o oo o

L.

o w oo

cLEgsEl_727
CLEOEDI_T771S
GLIOSEL_ZE22
SLEQE03_12063
SLEQEQN2_102454
CLEOSEL_1502
SLE0ERL_2554
&LI0E02_101074
SLI0E02_127€E17
SLE0B02_14%8E
sLIzgEel_1
SLEgSEl_3381

GLEOBOR_11E&77

GLEOEEL_IE1E -
SLEQOSEL_2:5T7 - e e e
SLEQEQ3_113215 CoATSTAGCATITTATSTGATET ASTTAR TSCATTCSTATSTICTIGACASS 2000
&LE0E02_127740 -— —_——

SLEQEDZ2_11212%

SLEQED2_22275
GLEOE03_ 1376132

SLI0EO03_
SL3OSAL_s316
SLSOEO03_RERT
SLEQER2_183272
GLEJEO3_1E526
SLEQERL_32ET7E
GLEORO2_1E477
SLEQERL_15B2
CLIOEQI_SI1E2
CLIOEO3_11&H815

CLIOSEL_727 memmmemsmssssems—es—————————————— ————
CLEOEOE_T71S
CLIOSEL_2E32
CLIOEO3_1I0E63
CLEOEDR_1O03&454
CLEOERL_1502
SLEQSRL_Z25EZ4
cLEIDED2_101074
SLIDER2_127&17
CLEIDED2_laZEE
CLEOSEL_1
SLEOSEL_3&01
CLSOBO3_1LE&7T7 ——————————— —————

CLEOSEL_JE1E o

GLEOSEL_2357 e —————— -—
SLECED2_113215 ARCETTICTCOSTCOSTTTT TCTCoCTACTESACGATCTTATTATTCTCTTCN
CLEOBO3_137740 B ettt
CLEQBO2_112135
CLEDERL_E732

CLEOEO3_2337H
CLEOEO3_137E13
CLEOSEL_ZO0%7

SLEOEO3_10330
CLIOECO2_15350
CLEOSEL_42316

GLEQEOD3_BEET mmmmmmmmmmmmm—m—mmm—m o — oo --
CLEDBO2_L4572 B et e e -
GLEOEO3_1E536 - -
CLEDEZEL_2575 e -
CLEOEOI_1E477
CLEOXEL_1S83F

CLNOEO3_SS1EZ
CLEOEO® _114EL1S

= 20&Q

CLEQEEL_727
SLEDEODZ_771S
CLEDERL_ZE22
SLEDED3_12063
CLEIOEDY_1034%4
CLEIOXEL_1502
CLEOSEL_ZS54
CLIOED2_101074
SLECEDZ 137617
CLECED3_LE5EE
SLEOEEL_1
CLEOEEL_2401
SLEDED3_11E477
SLEOXEY -5 -
CLEOERL_2337
CLIOEDE_11331§
CLEOEDE_1327740
SLEOEO0R 113135
CLEOEEL_ 573
SLEDED3_22275
CLECED3_1376132
SLEQERL_4CET
CLECED3_10220
CLEOEO3_1X32X0
SLEOXEL_&L31E
CLEOEODX_BERT
CLIOEO0Y 13573
GLSO0RO3_16536
CLEQEEL_257S
CLEOEDI_1E477
CLEOEEL_L5EZ
CLEDEDI_SE1EZ
CLECEDI_113B1%

T T T CACSCACA OO TTESTOOOSSAASTATASTA 3120

296 |Page



CLSOSBEl_727
GLI2EO3_7715
GCLS05S81_2622
SLE0803_130€3
CLS0803_103454
SLES0s58l_1502
CLE0581_2554
CLE0go3a_101a74
SLE0Eg2_137€17
CLE0BO3_l45B6
SLEIfEEl_1
GLE0ERY1_3401
CLE0BO3_11€477
SLEIgEREl_2BlE

1 =37
CLEgET2_11221%
GLEDEDI_137740
CLEIEDI_11313%
CLSOSBEL_3572
GLEIEDI_31327%
CLSOEO3I_137613
GLS0SA1_4057
cLsoR03_10330
cLS0R03_15250
CLS0SE1_4316
CLE0@33_@mea?
SLEoega_145872
CLES0B03_1E536
CLE0ERl_2E7E
GLE0BOI_1E477
cLEoEEl_1582
SLEIoBgI_5El€2
CLEI0BE03_11481%

[ &
=
2L

CLEQRO3I_130E3
CLEIBO3_103454
CLEISE1_1513
SLE0581_2554
CLE0EDI3_101074
“LE08C3_137€17
CLEIB03_1458F
GLs0581_1
SLETEEl_2401
SLE0803_11€477
SLETEEl_2818
GLE0ER1_2457
GLE08D03_113215
SLETEZ2_12774C
GLE0ED3_11213%

CLEJBOD3_1X250
CLECSEL_431€
cLS0803_BERT
CLETEOI_14573
SLE0803_1E53E
CLS0SEL_3575
CLEQRO2_1€477
CLE0Sel_1582
SLE0ega_sEl€2
GLE0eo3a_1i14e1s

cnEgse1_rz27
SLEQEQ3_7715
CLEQSE1_z2&22
CLEDEO03_120&3
SLEQEg3_103454
SLEgsE1_1532
SLEOSE1_2554
SLEQEC03_201374
SLEQEQE_137€17
GLEO0E03_145ae
SLEQgEEL_1
SLEOSE1_3441
SLEQEO3_11€4577

SLEgEQa_112215%
SLEOoE03_137740
SLEQEC3_11213%
SLEoEEL_=72

cLED=2O2_1276€12
oEEl_40%7
cLEg=g2_10220
crLEgEgI_132%0
crLEozZe1_431€
crEg=oa_zea?
crEoEoaI_12%72
CLEOEOI_1€52€
SLEI0EE1_357%
C:..!Ulﬂ!_lid'}‘}
oLE 1_1s82
SLEOEO03_SE1E2
:::.5:!:1]_11-:!15

Appendices

TR CTATCORATCTSACART

SCATCTCTCATATTICTARAS

SSEATACTIACSDS 2180

S A S S ST AR S TATCASCGACTCC TS TS TT OO ST COACASAS

SCOSACRES 22a0

Sl AR FTAT AT OO CATT ARG

CCTEOAAS

TSSICISTISIT 2200

297 |Page



0o oo T
-

&*

o wguow

n oo o

o W oo

%

cLEOxEL_727
SLEgEDI_771%
CLEOSEL_2€22
CLIOEDI_12063
CLIOEDI_1034%4
cLIOSEl_1s32
CLEOZE1_28%3
GLE0E03_101074
CLEDEDI_137617
GLSOEOI_145HE
GLSOEE1_1
GLSOSEI_3401
GLEQROI_11€477
GLEOSEL_J818
GLEOSEI_3457
CLEOEDI_11331%
SLEQESE_137740
GLE50B03_11213%
GLEOSEL_572
SLEORO3_23327%
SLEORO3_137613
SLEQSEL_J4057
SLEQRO3_102240
SLEQEQa_152:53
SLEQERL_421¢
SLEQEC3_aea?
SLEQEDZE_14E572
SLEQECE_1€52¢€
SLEQEEL_2:=7%
GLEOE03_1€477
ELEOSEaL_1582
GLEOoE03_Ss=lez2
CLEOE03_11481%

crLsosEl_727
CLEOEDI_771%
CLIOSEl_2622
cLEOED3_ 12063
CLEOEDI_1034%3
CLEOSE1_15032
CLEOSE1_2554
SLI0EC02_101074
SGLEQEC2_137617
SLEQEC02_135EE
SLEI0EeL_1
SnLI0Eg1_2301
SnLI0E02_11E477
CLEO0SE1_3818
GLEOSE1_3457
SLEOED2_11321%
SLEDE03_127740
CILEDEDI_11213%
CLEOEEL_X72
crLEgEoa_3a27s
CLEOEOI_137613
CLEOXE1_4O0%7
CLSDEDI_10330
CLSOEDI_152%0
CLEOSE1_ 4316
cLEO0E02_EEE7
SLE0EC02_14573
SLEQE02_1E526
cLsosE1_ 3575
@nIoEga_1€277
SLEOSEL_1582
SLEOEOI_551&€3
CLEDEDI_1148E1E

CLEQEBEL_T27
SLEQEDE_T771E
SLEQEEL_26€22
SLEQEDZ2_ 12062
CLSOEDI_103
CLSONEL_1S02
CLSOSEL_25%4
CLSOEDI_10107&
CILSOEDI_1178617
CLEOEOI_145EE
GLsOsE1_1
GLSOSE1_3401
CLEQEDI_116477
GLEOSEL1 381\
CLEQERL_2357
CLEQRD2_112215
SLEQEC2_127740
SLEQEC3_11212%
SLEQERL_EXT72
SLEQEQ2_2227F
SLEQEC2_127612
GLEOXEL1_J0E7
GLEOED3 103230
CLSOEDI_1%2%0
CLEOXEl_ 4316
CrLEOEDI_BEET
CLIOEDI_143712
CLEZOEDI_ 16536
GLEOSE1_3575
CLEDEDI_ 16477
CLEOSE1_15E2
CLSOEOI_SS162
CLEQRO2_ 114215

Appendices

3363

GASECASN SACCOCRASEAS SETECAG SEACAASTETIGATSICCTGRED 2420

298 |Page



c*®

bi

eLIE05E1I_7327
CLECEOZ_771%
SLECE21_2€22
cLEoe _IEU!!
CLEDBODI_103432
CLEDSE1_185032
CLECSE1_2554
SLEDEO2_101074
CLEIDBO2_127€17
C:.!E!:!_l-l!ls
CLEDSE1_1
SLEDEEI_3401
SLECBOI_116£477
srEo=2l_zs1e
CLEIDEE1_2427
G:.!El:]_ll]]l!
SLIE0DEC3_137740
CLECEO2_11213%
srEo=2l_=73
CLEDBD3_3327%
CLEDBEO2_13I7ELZ2
SLEDSR1_<4057
cLECE02_10220
CLECE02_1%22%0
sLEDEE1_4318
CLEDBO3_BE87
SLIE0DBC3_14573
cLECE0I_1653¢
SLECE21_2%7%
CLEDBO2_1€477
CLEID=E1_1%582
CLEDBOI_S51e3
SLECEOI_11&881%

crEo=el_727
CLEDBODZ_771E
SLE0DEE1I_IE2Z
GLECEOZ_12063
cLECEDI_103:i%:
CLEDER1_1%532
CLEDSE1_25%54
SLE0DETI_10187s5
CLECEOI_137€17
GLEDEDI_14%26
CLEDER1_1
CLEDSE1_3401
CLEDBO3_11&477
SLE0EE1I_3E18
CLECEE1_3457
CLECEDI_11321%
CLEDBO3_137740
CLEDBEDI_11313%
SLEDEE1I_5732
CLECEDZ_33275
GLECED2I_127€12
CLEID=El_40%7
CLECDBO3_10330
CLEDBD3_135230
SGLEDSE1_4316
GLECEDI_Z€E7
CLECEDI_13%72
CLEDBOI_1ES2E
CLI0SE1_337%
CLECEC2I_1€477
cLECEE1_15832
GLECEDI_ST1€2
CLEDBED3I_11481%

CLEDERL_727
CLEDBOD2_T771E
SLICEEl_26€22
CLEICBO2_120€2
GLEDREO3_103454
GLIOSEL_1S502
CLSOSBL_Z554
SLSCRO3_101074&
SLECRO2_127E17
CLEQBO3_14EBE
GLEDERL_1
SLEIDEEl_2401
CLECBO3_11€477
GLSOSEL_3H18
GLSOSEL_3457
CLECEO3_113315
GLEDBD2_137740
SLECeO2_l1212S5
CLEDERL_272
SLEDBO2_23275
CLEDEO3_137613
CLECEBL_.
CLECEOI_10330
CLSCRO3_15250
CLSDSE1_431€
SLSDRD2_BERY
SLEIgeO2_l4572
SLIgED2_le52¢
SLEDERL_3%7E
CLECBEOI_1E477
CLECOSBEL_1882
CLECBOI_SS51E2
GLSORO3_11481S

Appendices

TACARTATAARCARCOTARTCOCADCTCOARATACTSD

ACCCACACATATATIALRST

SoZT I ATCAAL

2EQCD

A AT I S L R D Do AL AT O T OO T CACAT O Lo oA LTSI TITOISILAASICT 2D

299 |Page



b*|
cl

-]

n oo T

L]
—

o w guow

*

cLECERL_727
GLECED3_771S
CLEDERL1_2E£22
CLECEDI_120E3
CLECEN3_103454
CLEO0SE1_1503%
CLIC3SR1_3I554
GLSORO2_101074
CLECEDI_137617
CLECEDI_14586
CLECEEL_1
CLECEE1_2401
CLECBD3_11E£477
CLEDER1_JIB1E
CLECER1_ 3457
CLECED3_113315
CLECEDI_137740
CLECE03_11213%
CLECEEL_572
GLECEDI_22275
GLECEDI_1376132

crEompl_1:2%0
CLECZEL_4316
CLSCECI_BERT
GLSDEDI_14573
GLS0RO2_l6536
CLEDSE1_3575
CLE0BD2_1€477
CLEDERY_15B82
CLEDBDI_SElE2
CLEDED2 1l4B1%

SLEgsEl_727
CLEQEOI_771%
SLEgsEl_2€322
SLEOEDI_132063
CLEOEDI_1034%3
CLEOXEL_1%502
cLE0SE1_2554
SLEQEO3_101Q74
CLEQBRO3_137€17
CLSO0E03 _135E¢
cLEgEE1_1
coEgsEl_3401
CLEQEOI_116477
CLEgEE1_3218
SLECEE1_34857
SLEQE0I_213215
SzEZECI_227740
SILEZE0I_212132%
SLESEE1_%732
SLESEOI_32275
SLEZEODI_127€132
cLEDEE1_J0%7
_1a
CLEQEOI_1E2EC
CLEQESL_421€
sLEoEg3_Bes?
CLEDEOI_13%73
SLEQEOI_1E53E
SLEQEEl_3E7%
CLEDEOI_1£477
cLEosEl_15E2
SLEOEDI_SE1E2
SLEOEDI_11481%

G:!ﬂ!ll_'}z?
G:!ﬂlﬂ]_'}'}lﬁ
ﬂ!ﬂ!ll_?izz
CLEQBEO3_120€3
CLE0E03_ 103458
cLE0sEl_1502
cLEOSE1_2554
cLsOoE03_101074
cLEOE03_137617
SLEOS0Z_ 14526
snEosa1_1
srEgssi_z401
SLEOEO0I_116477
crsosel_z@ie
sLEOEEl_24%7
cLEoEO0I_21221%
cLEoR02_127740
SLE0D202_11212%
crEozel_s73
cLEgEO2_23278
CLED202_137€12
srEgEsl_40%7
sLEom0I_10230
CLEOQEO3_1X232X0

SLEQXEL_4321€

CLEOROI_1ESIE
CLEOSELl_3575
CLEOBOI_1E477
CLEOSEL_1S82
CLEOBO3_SS1E&3
CLEDECI_11481F

Appendices

27280

2788

SR SRR ST OIS A S S ST T E AT ST TIACTAAST SIS OCRATSSZATSTATSASICT 2820

300 | Page



b
c* I

k1

o W gw nogn T
' —

GLECDEEL_727
sLECEDI_77LS
SLEDERY _2E22
GLECDEDI_120E3
CLECED3_1034%58
CLECEEI_1502
CLECEEL_2EEd
CLEOEOD3_ 101073
CLEOEOD3_13ITELT
CLECEO3I_14XIBE
CLECEEL_1
CLEDERI_F&01
CLECEOZ_LIES77
CLECSEEL_ZELE
CLEDEEL_Z&57
CLECED3I_11331F
CLSCRED3 13770
GLSOEO3_ 112135
CLECEEL_ 5732
CLECED3_33375
CLECEO3_137613
CLSOSEL_<057
CLECED3_10220
cLECcEDZ_1EzEC
cLECEEL_&3LE
crEcEnI_gegy
cLECED2_13%73
cLECEDI_lEsie
CLECEEL_3%7%
crECcED3_lE277
CLECEBL_15E2

CLECED3_BEleEl ———————
SLECED2 _1liElE ———

sLEDEE1_727
crLECED3_771S
crEoxel_2E£23
CrLETCED3_1320€E3
CLI0ED3_102333
crEoEEY_1802
CLIOSEL_ZS54
CL50ED3_10107&
CLEDEDZ_137E17
CLSCEDI_145EE
CLEOSEL L
CLSOSEL_3401
CLSCEO3_11E477
CLECSEL_2ELE
CLEDSEL_2457
SLECED2_112215

Appendices

IS0

GLEDRBO3_137740
CLEDBO3_13213E
CLEDSRL_S572
SLECED2_22275
CLEDED2_13T7E12
SLECEEL_SCET
SLEfecz2_1o0220
SLEzfecz_1=Ez:0
GLEDEZRY_&31E
SLEzgpED2_BeE7
GLEDEDI_ 14572
GLEDBEDI_1E52E
CLEDERL_2E7E
CLECED2_1E277
CLEDER1_1%522

CLEOED3I_SXI1EQ

CLEICED3_113B1lE s E s s EEEEEEEEEEEEEEEEEEEEEEEE———

CLEOQEEL_T727
CLE0EQ3I_T771S

CLEDXZR1_2E32
SLEOBEOX_1IC0ED

ELEQBEC3_LO032s5s
SLEQER1_1502

SLEQEEL1_Z5Es
GLEOBO3_101074

GLEOBO3_137617

GLEOBEO3_L14ZBE

coEozEl_1
crEosze1_2ao1

CLEOBEO3_L11EIT7T
SLEQEE1_2E1R

CLEOSE1_3457

GLEDEQ3I_L132215

SLEQEQ2_1277aR

SLEQEC2_11313E

SLEQERL_E732

SLEQEQ2_22275
SLEQEQ2_L27812

SLEOZE1_&0%7
SLEOEO2_10220
CLEOEDI_1X2%D

[-X1.L1}] 1E -
GLEOEOI_BERT ——
CLEOEON_1&573 —

CLE0EQ3_LESIE

CLEOSE)l_257%
SLEQEQ2_LES577

SLEQERL_LSEZ

SLEQEQE_SE1e2
SLEQEQ3_LlisElE

ISTSITSCTICEA TS 25E0

301 |Page



Appendices

SLEQDEEL_T2T7
GLEOEQ3I_TT7LE
CLEQEEL_IEIZ
cLEoEo2 13062
GCLEDEO2_102453
cLEOEE1_1502
snEo=el_zsEd
CLEIOEO3_101074
CLEIOEQ3_13T7ELT
CLEOBEO3_1&XBE
CLEOXEL_1
CLEOSEL_3IS01
GLEORO3 116477
cLEoEs1_2ElE
crEoEsl_3457
cLEoeoa_11221s SO OASTCSoARCTOCTCTCTTCOATOOAL
CLEDE02_137740
SLEDEOI_ 212138
C’.'_.SEIS!I_S'J!
[~-M]-] -] 327%
CLEIOEO2_12TEL2
CZ.!H!!I_GH!T
GLEQEQ3I_1o330
GLIDED3_153I50
cLEOEEl_s3le
CLE0E02_EEE?
GLEOEO2_ 14572
CLEOED2_1€22€
snEozal_
CLEOBO2_1£377
CLEIODER1_1582
CLEOEQI_S3ILEZ
CLEOEO3I_L11SELE

cLsgsEl_727
SLEQBEQI_T71S
SLEOSEL_ZE3Z
CLEO0E03_22063
CLEO0E0I_ 1034854
CLEOSE1_1502
crEo=E1l_25%4
cLEORO2_201074
CLEOEO03_1376€17
SLEOEDI_14%26
CLEOEE1_2
SLEOEE1_2401
CLEDEOI_11€477
CLEOQZEL1_32818
SLEDEE1_24%57
CLE0E03_112215
sLEgEDI_127740
GLEDEOI_211222%
cLEDEEL_%73
sLECEC2_2227%
crToEnoI_137€13
crEg=m1_sgs?
CLEOEOX_103220
crTomoI_1x2%o
cLEOSEL_S316€
CLEOECI_EEET
cLEOECDI_24%73
CLEOBOX_L1ESIE
SLEOEEl_3%7E
CLEQEDI_1E477
CLEOSE1_ 15832
CLEOE0I_SS162
CLEOE0I_114E1%

GLSOSEL_727
GLEQROI_771%
CLEQSE1_2622
GLEQRE3_12063
crEoeoa 102424
GLEQZE1_1502
CLEOZE1_25%4
crEoeo2_101074
GLEQRE3_1376€27
crLEDEOI_ 1432
GLEDZE1_L
crEgEel_2401
cLEDEOI_11€477
GLEQZE1_2818
crEozEil_3437
cLEOEg2_11221% CITCCATTSCTTCOCACS TOCTETCCTCCASSATACTECAATCTCAACSSCADSCTOSCA 4200
crLEDEDI_127740
cTEOED3_11213%
cLIOIE1_372
cLEDEDI_3327%
SLEOEOX_137E13
crLEoxEl_&os?
cLEOEDI_10330
CrLEQEDI_15230

CLEOBEQ3_14373
CLEJEQI_LESIE
CLEOZE1_357%

CLEOE03_16477
cLEosel 1583

cLzoEoa_ssiez
CLSO0E03_114E1S

302 | Page



Appendices

crLEOosEL_727
b *| czzgeoa_imas
CLEOSEL_2E22
c™ I CLEOEDI_LZ063
b | StIoEoa_aozsss
SLEQOSEL_1502
CLEOSEL_Z55&
CLEQOEO3_1O01074
CLEIDED2_127ELT
SLEIDED2_liZEE
CLEOZRI_1
SLEQOIEL_22D01
CLEOEOI_11E477
CLEOSEL_JE1E
CLEOSEL_3457
I CLEOEDI_11331S
GLSOROI_137740
1 SLEQED2_112125
SLEQZRL_E72
CLEQED3_23275
CLEIDED2_127€612
SLEQIRL_40E7
cLEOED3_10330
| coEoEDa_isasg
CLEDEEL_4316
®| crxzpeoa_peey
CLEOEOI_14573
CLSOEOI_16536
CLEOEEL_3575
SLEQER2I_164577
a SLEQSRL_15B82
* GLEDED2_531&62
CLEOED3I_114B1E

0o oo o

L]
=

o w oW

*

SLEOEEL_T27
b 'I CLEOEOI_TTLE
CLEOSEL _JEZZX
c* I cLEDEDZ 13063
b GosoEoa_tozsss
SLEQOSEL_LSO0ZF
CLEQSRL_Z554
CLEQED2_lO1074
SLEQERI_127EL7
c CLEOEDI_142B6
SLEIOIRL_1
CLEOXE1 3301
cLIOEDI_11E477
crEosEl_1E1E
I CLEOXEL_FIXET -

SLEQDED3_L13215 EACCCTTCOATCCCTACARCOCOATICAS

b S23I0
c | | SeETEDa_1377:0

b

c

1 GLEOEO3_113135
CLEQERE1_572

SLEQED2_22275

SLEDED2_127E12

‘I crEoen3_io3ap
crLEgEoa_1E2Ep
SLEOIEL_Z21€
CLEOEDZ_BERT -
CLEOED3_145732 EEEEEE e e e e e
CL!EIH]_IEE]E o
SLI0SEL_2575
SLEOEDI_1E877
a crEosel_1se:
crEoen3_sEie:z
CLEDED3_11iB21%

cnzgzey_727
b 'I CLE0EO2_771%
& | Stso=za_zeaz
c I SLEODEDI_120632
bl SLEQOBEOI_1034%8
CLEOSEL_15032
CLEOSEL_JE534
SLEOBEQ3_10107&
SLI0EC3 TELT
c cLzoEoa_1is@E
cLzgze1 2
cuzgze1_2301
GLE0E02_11€477
cLzgzel_zele
CLEQOSEL
I CLEQEOI_L113I1E
I CLEOBEEI_1377&0
I CLEOEO3_L11Z1E5
CLEOEEL_573
cLzoe02_2227%
cLEgeo2_ 127612
cLEgze1_s057
cLEoeQ2_ 10220
CLEOEQ03_1%¥32%20
CLEQIEL_&21€
SLEOBEOI_BERT
CLEOBO03_ L3572
CLECOEOI_LESIE
cLEgse1_2Els
cLE0203_ 16477
a cisgsay_1sez
cLEgeQ2_sElez
cuzgeoz 113818

0o oo g

L]
—_=

o w oW

*

303 | Page



ngng

o w oo

CLEDXZE1_727
CLEOQOEQ3I_T771E
SLEDEEL_2E232
SLEOE03_13I083
SLI0ER3I_10385s
SLEQSEL_1502
cLEO0sEl_zs554
cLsoe03_101078
snEoaga_1237817
cLEOgE03_1s%5E€
snEo=ai_1
crEoE2l_zsmo:
CL!U!U!_IIE‘??
SLEDEEl_2ElR
CLEOEE1_3457
CLEOQOEQO3_113311%
SLEOQBEO3_137740
CLEO0E03_11Z135
=nLS0SEL_572
cLsoEoI_33275
cLE0E03_1376132
crEso=s1_s0s7
snEgaga 10230
cLEOoE03_1%5230
srEgEsl_s21e
crEoeEoI_geey
cLEgEga_1:573
CLEQEQZ_1ESIE
CLIOSELl_3357%
CLEDBEQI_LELT7T
CLEOSEL_1S22
SLI0E03_S35163
CLEQEO03_115E15

CLEDER1_727
CLECAED3_7T771S5
CLECSB1_2€322
CLEDEDI_130E3
CLEDBODI_103454
CLEDSEL_15032
GLEDER1_2554
SLIDE02_101074
CLEDBD2_127€17
CLEIDB02_14%Z8€
SLInEel_1
CLECEBE1_3401
CLEDBEDI_11E477
CLECSE1_3818
CLEDSEL_3457
SLEDBED2_1l1321%
eLIoao2_127740
GLEDBD2_11213%
eLIonzel_=272
GLIDRD2_23275
CLECEDI_137E13
CLEDSE1_4057
CLECDBEDI_1903330
CLECDEDI_15350
CLEOSEL_431€
SLIoao2_gcay
GLEDBD3_14572
SLIDa02_1c€52¢€
CLEDER1_2575
SLIDED2_16€477
CLEDSBE1_15B2
CLECDBDI_SS51E2
CLEDEDI_114B1%

CLEDERL_727
SLEDED2_771E
GLEDERL_2&22

CLEDEE1_1%832
CLEDSBE1_25354
CLECDEDI_101374
CLEDEDI_137E17
SLE0202_l458€
SLEIDEEl_1
CLEDERL_2401
SLIDB02_11E€477
GLEIDER1_2B18
CLECEE]1_ 34387
CLEIDBED2_11321%
CLECDBEDI_137740
CLEDBED3_1132135
SLEDSEL_S573

SLECEDI_22275
CLECEDI_127612
crEoEEl_s087
crEceoI_10320
CLECE02_153%50
CLEIDEBEl_4321€
CLEDED3_BERYT
CLEDEDI_143732
CLEDBD3_1E53E
crsosel_257s
CLEDEO2_16477
crEoEEl_1582

ASCCACCRCCATSCTACZIT

COCSTACAROZAT

Appendices

AR T L O L AR T A L DT O e T e T T e AT I eI AR CACTACCCCART CACATOCIAR 4500

IS ICCCICOCACACCAASCOOCRCOTONT

304 |Page



Appendices

crEozEl_727
b *| czzcesa_ins

CLEDER1_JE3T
c* I CLECED2Z_12062
b GStseEsalcisss

crsosel_1503
cLscsel_zsss
CLEDBO2_lOl074
SLECECI_127617
cLEIgEDa_l4iEpe
srEoEe1_1
crEosEl_2401
CLECEDI_11£477
crsosEl_2E1E
CLECDCSELl_Z&457 -
CLECECI_113315 CRACCOCCOOoeETECTACCASATASE zeac
crLsCECI_137740
I, coscecaiizazs
crEcsEl_s73
SLECEDI_33375
sreoenI_1376132
crEosel_sos7?
crLEcECI_10330
cLEDEDI_13250
crEoEEl_q31€
cricECa_peRy
CLEDEDI_14573
GLECECI_LE526
cLsCsE1_2575
SLEDEOI_1E477
a crscssi_1583

& CLEDEDI_SSl62

srEcEnI_11iE1s

o o0 o

=

L]

o wow

*

SLEIDER1_727
b'l CLEDEDI_TI1S
- CLSCSEL_ZE332
c I GLSCRO3_120E3
bi CLSCEDI_102454
GLSCSBL_1502
GLEDERL1_25%4
SLEICEC2_l01074
SLECBED2_127617
c CLEDBOI_l4E2BE
eLIgEEl_1
CLECSEL_3401
CLECED3_116477
CLECER1_JE1E
I CLEDSB1_3457 —————

SLECBEED2_11331% BT A T A O ST T S A S ST oI S CACAT SIS ISOCTI OSSO TACTACASOACACAS 4EBD

b
c| | ctscesaliazisc -
b SLECECI_113213%

|
c

cLECERL_572
GLEDBDI_233275
cLEpED2_127€12
‘I SLEDEZR1_J0E7
SLEgeC2_1c22o
CLECBCD2_123E0
CLEDERL1_4316
CLECED3I_BERT
CLECEDI_14573
CLECEDZ_le53E
CLSECSELl_3575
GLSDBROI_1E377
a CLEDERY_1582
GLEDBDI_S5E5l6E2
SLEfeC2_lls81=

l::'l cLsTEII_12063
b StI39E33_1034ss
GLS0sEl_15302
CLS0581_2554
SL50803_1401a74
GLEQ802_137€17
GLE0B03_14%8€
SLEQEE1_1
CLEQERL_24101
CLEJBO3_11€477
crEgEal_iziz
crsTsE1_ 1437
b I SLEIEEI_11331% CACARAGEAGTECTOEATOSTATET AR TEATACAGETCCARCAARTGEA 4740
g | | StIeEsiiiiae
CLE2803_11213%
-0 | -
c

SLIOSAL_S73 2~ = = ommmem e e e e
&L50803_333275
SLEgEg2_127e€12
- SLEQEE1_403%7

I GLE0803_1021a0
SLEQEC2_1E2:3

a
b ] &
a
b

| &tsoEs3_lesie
CLS0S581_3575
* SLS0803_16477
a GLSdsEl_15@82
*| cLsog03_ss5162
SL50803_11481% Bt ittt ittt

305|Page



o oo o

o it

o wow

*

b*|

c*

k1

o on o

o Wwoow
— ]

GLEQSa1_727
SLEJE23_771%
SLEJER1_32e22
SLEJEQ2_130€2
CLEJED3_1034%4
SLEgEEL_1532
CLEIZE1_25E4
GLEJEN3_1081874
CLETJEA3I_137#17
CLEIBAI_1458E
CLEISE1_1
CLEISA1_3<401
ELEIEQ3_11€477
SLEJEE1_3811
SLEIEE1_2457
GLEJE03_113315
@LEZEQ2_1277480
GLEJED3_11212%
SLEfEEL_=72
ELEQEDD
GLEJEQ3_137€13
CLEQEE1_J40%7
ELEIBEQ3_103230
CGLEQEO3I_13750
CLEISE1_<31¢
ELE0B03_@Bea?
CGLE0803_14573
SLEQEO3_1€53¢€
GLE0SE1_3575%
SLEIEQ2_1€477
GLEQS81_1582
SLEJEQ2_sSE1é2
GLEgEQ3_l1381%

GLEOEE1_727
CLEOEOI_T771%
SLNONE1_2622
CLEOEOX_120EX
SLEOEOI_1034%5d
GLEONE1_1502
SLEQSE1_Z5E4
CLEOR02_202074
SLEOR02_137617
CLEQEOI_L4ZEE
cLEOEE1_1L
cLEoEEl_2401
CLEOEOI_11E477
cLEgsEl_3E1E
CLEOZEL_34XT7
SLEOEOI_11331%
cLE0E03_1377&0
CLEOEOI_11313%
CLEQSE1_572
SLEO0E03_23275
CLEQEO0I_137623
cLEozEl_so0=7
cLEoEo2_10220
GLEOE0I_1%2%0
CLEIOEE1_&31€
SLEOEOI_BEET
CLEOEOI_14373
CLEOEOI_LESIE
CLEOSE1_357S
CLEQEQI_LESTY
CLEQSE1_1582
GLEO0E03_S516z
CLEQEOI_L14E1%

SLEQEE1_727
CLEOEQ3_771%
CLEQEZEL_ZE2Z
SLEOEQOI_120E3
CLEOEQI_LOZ4Ed
SLEQSEL_15R02
SLEQEEL_ISES
GLEI0EO03_10107&
SGLEQEQ3_127617
GLEOE02_14%86
SLIfEEL_1
CLEOER1_3401
SLEI0E02_11€377
SLEgEEL1_28B18
CLEOXHL_Z&X7
SLEOEOI_113315
GLEQEQI_137740
GLEQEQI_113135
SLEOSEL_5732
CLEQEO03_23275%
SLEIg@Eoa_1237é12
SLEIgEa1_s027
GLEI0@03_10220
SLIgEo2_1zaIn
CLEOXEEL_&31E
CLI0E0I_BEET
CLEOEOI_ 14373
CLEOEOI_LESIE
CLEOSEL_3575
SGLEQEQ3_1€477
GLEOSE1_1582
SLEQE03_S5162
SLEQEQ3_114815

Appendices

SACACCARASASSSTCATS 4802

R A T A S S A A S A S A T T OO T ASOSASSACSSCTOSOSSISTATOOARASS JRED

4520

306 |Page



CLII5E1_727
b *| cusoeo3_771s
CLS0SE1_26332
c ¥ || crsoe03_1z0632
bi CLS0@03_102454
CLS0SE1_1502
SLECSE1_2554
ELS0803_101074
SLECED0I_1237617
CLECE0I_14%86
cLEQEE1_1
CLEOSE1_3401
CLEQED0I_11€477
1_ze1e
1_34%7
b _113318
cl T0E03_137740
CLE0E0I_11213%
b —
c

| GLEQSE1_572
GLSOEDI_33275
CLSTE0I_137813
CLIISE1_4057
a ‘I SLI0803_1o330
GLS0803_15250
b IG".!!!IJ._&:IJ.S
a *| cLsoa03_gea7
SL50803_14572
b SLETa0a_1€52¢€
SLEJER1_2E57E
= SLEQE0I_16477
a SLE0SR1_1582
*| crE0803_S5S5162
CLEOED3_11481%

UEDI_12063
TEDI_103454
CLSISE1_15032
CLS0SB1_2554
SL50803_1101074
SL50803_137617
c GL50@03_l4586
cL50581_1
SLE0EE1_3401
CLEJR02_11€477
SLEQER1_2818
SLEQERL_24E57
b IG"—EIEIZ_:.:.JE'.I.E
c| SLECRD2_127740
b IGLEIEIE_:.:JJ.E.‘
GLEQER1_=72
C GLE0B03_ 23275
CLEJBO2_137€12
B1_40%7
a gEB03I_10
b QE03_15250
CLSOSE1_J316
a —
b

o

CLSIB03_mER?7
GLSQE03_14573
| cLsom03_les536
GLSQS81_3575
GLSQR03_16477
a SLEQER1_15:82
SLE0a03_551e2
SLE0a03_114815

I'J ‘I CLE0sE1_727
eLs0803_771s

« | SLS0S81_z€22

< I crEcaca_azoe:

b cr=oeoz_imasss
CELE0S5E1_1%02
SLE0SR1_2§54

SLs0@go3_1g01@7s
SL50803_137617
c GLEDAO02_l4Z26e
&L 1_1
SLSOSE1_3401
CLS0B0I_11&477
CLE0SE1_3E218
GLE0ER1_3457
I cLE0E0I_11331%
03_137740
03 _11213%
GLS0SE1_572
CLEC803_22275
eLzgaga_127¢€12
'I SLI0ER1_40=7
cLE0E03_10220

a

b SLICEDI_132%0
CLECSE1_4316

a crLEzE03_gEE7
GLEDRI3_14%732

b ELEDEDI_1€536

crEoEal_137%
*| crsoRgI_16477
a, GLSOSE1_1582

GLS0a03_5s51e2
cLE0E03_ 11421

Appendices

TSI TACT ST IO oA T ST oo T oA T CACCASTSSOCEATCARCSESDOTTOOADS 4580

A L A A A A ST AT ST T T S o A AR SO O oA S CC OIS T STATASSSISCOTADSD 204D

3
CoATACATOCICTACATRERD TECTATCACCCTOOD ATIOCCCESTCTCRCATT =100
CTOCTATIOSCICTITRACTTITIIT €3

307

| Page



Appendices

I'J ™ CLEOSE1_727
CLEOBDI_771%
c‘ I CLEDSBE1_ZE33

B03_1z0632
=Y | 803_1024%48

=e1_1502

Bl1_2%58%3

EZI_101078
CLECEDI 137617
c CLECEOI_ 14326
CLEQOER1_2
TEl_3401

CLE0ED3_11€477
B1_3E1E
Bl1_343%7
b I 03_113311F
c I CLEIEDZ_1377s0
b | ctsoeca_ 1132133
c

a 'I

CL50803_1g338
b SLE0@03_1%250
a
b

SLEQER1_431¢
SLEQEO2_ 2627

a CLS05E1_1§5E2 T
GLS0803_S51&2 T T T

SLEDEOI_114815 @ —cmmm e

CETATCER TTECAAAACSTESTET ACAASAASASSTSOSASSASTSTISSTSRS 123

GLE0S@1_2401
CLEDRO2_116477
cLEgs2l_z2318

Sal_2457
BOp2_11221% ASATSSTISICIOSTCCT

BO32_137740 e 0 -

02_11212%

Bo3_22278
Bp3_1237€12
- =B1_4357

I CLEDRSI_103330
CLEDESI_15250
CLEDSE1_4316
CLSDBOI_BERT
CLEDB02_14572
CLEDEC2_16526
CLEDEBL_2575
CLEDEC2_16477
£81_15232
B03_s=1632
cLEDR02_11481%

GLSCRO3_771S
= GLSOSE1_2622
€ I GLSDROI_12063
b1 CLS0B0I_103454 o
SLsDEa1_1502 S T A T AL ST oA L S oo oA L AR D oA ST S CATAT O CAATT SO SCARTTATOOCOOSSITAS 182
SLEDEE1_2554
SLsfECca_101074
SLsfeEca_127€17

SETTIATSOCTCATATSIO SAZAACTACTICIT ADSAD T ATZSATATIC =3EO0

Bp2_148=272 e

BD2_1lEs2E FATCCRAACATATATAAR TCAACTT TEITIAST TESTACAZASISIGAT 2482

TB1_2ETE e ————

BED3_1E£477 o o e o s

308 | Page



n oo o

T uw guw
_—

L]

SLEDSE1_727
GLSCEDI_7713
cLESDSEL_26232
CLEDBED3_130€3
SLEDBD3_1034%4
CLEOSEl_1%32
CLECSE1_3834
CLSORO3_101074
SLEIDBED2_127€17
CLEDBOI_14EE€
cLEpEE1_1
CLECSEL_3401
SLSCR03_116477
CLEDER1_2818
&L Bl1_34%7
SLEDBED3_11221%
SLECEDI_137740
CLECHED3_11213%
SLEgER1_S572
SLEIDBED2_2227%
SLEDBD3_137€12
CLEQSELl_40%57
CLSDBO3_1033Q
CLEDBDI_152%4
SLEDEEL_421€
ceoa_gea?
SLEZBEDI_14%73
CLECEOI_1€536
CLEOSEL_357%
CLEDBO3_1€477
SLEDER1_1%5832
SLIDBECD2_5Ele2
CLECEDI_114E1S

SLEDEEl_727
SLEDBD3_771%
CLEDER1_3€3232
CLEDBOI_130€3
CLEDBOD3_103454
SLEDERL_1503
SLEIDEEl_2554
SLEDBO3I_121374
CLIEDBEOI_137€17
SLEDBOZ_l14586

CLEDSE1_3B1E
CLEDSE1_3457
SLEDEDZ_113315%
SLENBD2_137740

CLECEDI_11213%
CLIOsR1l_s572
SLECEDI_3327%
CLE0BO3_137€13
=it Bl_40%57
CLEDBD3_10320
SLECEDI_1%2%0
CLEDSR1_431€
CLSDED3_BERT
GLEDBDI_14573
SLIDBOI_1€52€
cragEel =
SLECEDI_1E477
cLEDSE1_1%523
SLEDBOD2_5SE1€2
CLEDBO3_11481%

C:.!ﬂ!!l_’!’
crLsoEDI_77LE
CLIOZEl_2E22
CIsOEDI_12063
CLEOEOI_103353
SLEOSEl_15032
cLEOEEl_2554
GLS0Ee03_101074
SLE0E02_127617
SLEQEO02_Ll4SEE
SLIfzEl_1
SLEOER1_3401
GLIOBO2_11E477
CLEQESL_2P1lR
crEgEEl_32%T
C:.Eﬂlﬂ!_ll!!:i
ZLsOED3_137730
CLIOEO3_11213%
CIEOSEL %732
CLE0e03_33275
SLS0Re03_1317612
SLEOSEl_<057
CLEOEO03_X0330
SLEOEQ2_152=50
SLIOZE1_421€
SLIORQ2_BERT
CLEOBRO3_14272
CLEOBO3_1E52E
E'.'Z.!ﬂ!!l__!’!
CLXOEOI_1EZT?
C:.'.!ﬂ!'l_li'z
ZLEZOEDI_S51632
CLEZOEQ3_L14ELS

Appendices

SAASTCCTT

ATTTE

- ATCCTAZZOCT
====ROCTTISCACTICADSSETTCTACSSTIC

GICTSOSESS AR CTICoASOSTROS-

ATGE-=TTSTISCSCS
AlS--TICIEIARAS
==ATC=-=TITCOCASTAR
AT E==TTOCARSTER
ATSTS--TOCCSTEATET

- memmmeeee A TCTCTSTASCATCT

ASACOCCOCTA CASAR SRRSO SACGC T CASCTCCATEICETER

————— -——- ~ATCTACACGACTCCRCOODGR

O A T S I T T A A L S A R ST S T A A A ST O o AR O oA S ST CASOCATIONE oA

mmmmee A TOCTTOSOCASSTITOAR
ATSITSSIASSATITEICCSTIA

- - =ALEI L TACRATIICICCTIA
ATECTTCT-———==— ----CTTCTCICICE--T

ATESTTIT-—mmmmm
- I T AT S I AT ST CAS T oS T ST IO T T A~
mmmmsms s e e TOAT e ——————
- —ATE-

ATE-- ———--—-ICTATSSTITOCIC
CCTCATCoATICS ToATATACCATCSACAATCTATCTCTARCACATCCTATTCSTOCAST
————— e CTETTARTASSTT
=CTTITEATASEET
- TASOOSOASOET
~ATASCCOCOSoCT
TETES IO oSS AT T IO O T AN AT A m e oo e e EESTECTARSEET

mmmeeZETITCTOTOS--C

mmmmm R ATTATCTIICTICTIT

- TICACOCTASTOSCICTORODES
== A CTTATCOSTICASCRSCTARCSITER
I I T oIS I oI oI

:

TETICTOS-
TETTICTOS—— T
canan TCooT T A
TITTICATIAATTC--CCTTICT ===
TEETECTICATAST

ISTICET s s

IR

s Tl ot ok Vo et o=

TIECIAACICISCTASTIIC-——=
- T C T O AR T S OCOCASTTE

DOAOHHHADHA I DOHHAON

»
|
]

e = T T AL A A S TETA AR A AT AT ST
< TTTTTACACTCACNONGECT

G TTIST e A== —_—
Az - ETEITCoTTEE -
A - ETTITCOATES - -
ASTTC TEATCTTCACTACTCOADOEAST -

=TCISTIGATASS -~

==TCISTISATARS==

TCTACTICTIIC ===
TCISTATOSTCASATACTICO -~

CTAT TG v o e e e e AR A AR CARA TG C T T CC TG TACT TC T DG GG e

309

ISOSSTCTICTACATOTSOD 8

258

W s s 0 A A
o W30

| Page



b *
-
o

n oo w

o uw oo
_ *

L]

SLEgEQE_7T7LE
SLEOZE1_2622
crxoEDI_120E3
CLEOEDI_1O34%d
crsgsmE1l_1soz
creoxEl_25%4
crIoEOI_1O1074
CLEOEODI_ 137617
GLEOEOI_145EE
crLEOsEI_1
Grsose:_3&0l
GLEOEOI_11E477
SLEQEEL_2818
SLEQEEL_24E7
SLEOB03_ 113315
SLEQEQDZ_1277s80
SLEQECE_11213=
czzgze1_s72
SLEOED3_22275
SLEQED2_127612
SLEoEEL_so=E7
SLEOEO03_ 10220
crxoE@I_1S2%0
crzozEl_&31E
cLEDEDI_BEET
crsoEDI_14573
CLEOEDI_1652E
GrLsosEl_3575
GLEOROI_1E477
CLEQSE1_1582
GLEOED3_S5163
SLEOBEO3_1iqEls

CEZ2_771E
1_2622
GLSIEOI_12063
CLSIEQI_1034%4
CLIOSE1_1902
GLSOSE1_2§54
SLEQEO2_102374
SLEQEO2_137€27
GLEQEOI_14%28€
i1
12401
83_11€377

CLEJEZ3_11331%
CSLEIBO03_137741
CLEIB03_113213%5
cLEOSE1_%73
CLEQBOI_33275
cLECECI_137622
21_40%7
geg2_1023%
gEC2_1%2EQ
1_4218
CLECEDI_BERT
CLEIEO3_14573
CLEJEQI_1€53E
CLS05E1_3575
CSLEIR03_18477
CL50581_1s82
GLEOE23_55162
CLECE02_11481%

21_727
21_771%
1_z€22
SIED3I_12063
CLIOEDI_103434
CLECSE1_1503
GLSOSB1_2554
SLEQEQ3_1012374
GLS0R03_137617
SLEQEO2_l14z2¢

ppag

gpe

(=44

CLECENI_137740
CLEOEO3_113135
cLsCsE1_372
cLIoe0a_2327%
eLIoeoa_137€12
CLS0%81_4057
cLEIoeoa_10323

CLEQJED3_14%73
CLSQEII_1€53€
GLEOSE1_3ISTS
GLS0R03_1€477
CLS0SA1_1582
CLES0e03_5ss51€3
SLEI0eo3_l11481%

Appendices

CEDERASTEICTS

AT T Cm e mm - ——————————
AR T TG ————
=T TAAT T T OGS CACATI T ===
== ACARTTAS
CTTGCEE
CTCATSE
CATTTACTATCCG
~CEARCTEOASCOOCACTAC-
——CEASATASACSTEAAGTAC-—— === —===—
CAATCTE
TACATACCOTTCARCCOACACTCCATT
AATCTCCCTATCARTCEACAATETACS
- CACCETACATCASTATORACCEA — === m o mmm
=====ACCCTCCT -
COEADOEA: -

- CCASTCAS: -
= T A A T TAC O OO AATAR - — = — = === =

—————=TTORGES
STOTSSS
STSSST

—ATSAASASITISIS €€
—ACGASSITCITAIC £
=ACTATARSCTACZAC 128
=AZATAACTSASTAT 72

e m—eeeoeo-CCAZCATC
~TCCTCCTE

D A I I T T T O AR T T TATACAC A CATCTC TSI CACACCTICOARCSTASAZAAD &

310 | Page



0o oo T

o w oo

L]
—

GLEQ®E1_727
CLEQEQ2_771E
SLEQER1_2€22
GLEQ803_120€3
CELEJEQ3_1334%54
CLEISE1_1%02
CLEISE1_2%54
CLEJED3I_101374
SLE0E03_137€17
SLEQE03_14586
SL59581_1
SLEI5E1_3401
SLEQEO3_11€477
SLEQER1_28218
GLEQEE1_34E7
CLEQEO2_1
SLEZED
SLEQEC2_11212%
CLE05R1_X72
SLEQE23_33275
CLIEJB03_137E13
CLEJ5E1_<40357
CLEJEQ3_1333a
GL5J@03_as5253
GLS0581_4316
ELS0803_aeday
SLEJE03_14572
SLEJEIZ_1€52¢€
gEE1_2=7=
GLEQRO3_1€477
SLEJEE1_1582
SLEQEQD
CLEJEQ3_11481%

15

CLSQSE1_727
GLEQEDI_771S
SL50581_2622
SL50803_12063
GL50@803_103454
SLS3581_as502
GLEISR1_2554
SLEJEC2_2131074
GLEJED3_137€17
SLEQE03_1458€
CLEJEE1_1
SLEQER1_32401
SLEZESI_11€477
SLEISE1_3818
CLSISE1_3457
SLEOQEQI_11331%
SL52803_1377480
GLS0803_112135
SL50581_%72
SLSQE03_33275
SL5J803_2137€13
CLEJZR1_4057
gega_1m022a
GLEI803_1%2%0
CLEJER1_421€
SLEQE03_@a€a?

SLSJE03_ss5lez
SLSJE03_11481%

e1_727
BED2_T771E
B1_2€22
BD3_123€3
D3I_103434
B1_1502
g1_2554
02_101874

-

T

B1_34%57
83_113315

poanppapppannRpppanpRRRnRRRRRRRRR

GL!:B:E:}}IB}!

Appendices

A oy
AACCTCTTCETCCTCTETARTCATAC
== ATAADCCTCCTEOSE-===ACTG===asmssansas

- AT AL A IS oS O AR AR A -

ACACCCTGAATG -~ COCAGATARAASA
SO TOTOAASASSACAARRSETCARST - mm m
-COEANNTOEA RS- AEAT
-CoARAT TG ICACCOOREoCASTCOG-
- COACCTGOCCACAGAATANSTCOG-
~CCCETTCoCTCTCODCACCETCRoACT -
-CERSTTOEAS ASCTTASTOOACA-————=
B
S femmmmeseemeee e TTOCTATCG-=====mmma=
-CCAZATSSTACACCCATICT:
- I L LD AR T TACAT OO AR A CD A~
R R SRR ST R SRR OET RIS -
e AR ee s s aaaaame

EATA

ARG ——

TT, T

- R R AR S T L T I o oA T S L AR AL L TACAT LSO T OO ARSI CST
- A T AR T S o ST OO oA CTICT TSI T === === ===

T CAAT O AR AT OO TSI CACLATASILAD
- AT T TATOCASASARSTSTST -

-&T! TIGCTATOCAGAGEACTETGT -~~~ —— ===

~CCCCoETITOCTACCCACARACAT OG-~ mmmnmmnm
Essssssssssssssssssss=sROTRR Lo T E T TATCL EACT IO LT s===sss===
e ———— ACTCOTACOE B e =

PR Ly

ZACTIZIZACZIAC
- =
ot -
ACATCCCOSRAC A —————————
e e

AR TTESSoATTAS
FATGACIST-—-G~

OO CTATC T SO === s

——————AASOOAS-
ARSASSTEOS

e AR CAATARG - ———m—mmmmmmm s mmm e

SRR —_

ARSI AC AT S oATAT SO RAT SO IS RATATAZSOSTISTT

ASISTISTATOC0S

311 |Page



SLEDBO3_103454
SLEdER1_15132
SLETER1I_2554

CELEDBDI_11£477
cLSo Il_]l].l
CLEISEL1_34357
CLECEDI_11331%
CLECED03_137740
CLECED03_11313%
=72

CLSDED3_15350
GLIDSR1_4316

23_g6a7
GLS0ROI_14573
GLEDROI_1653€
GLECEE1_2E7E
SLECECI_1€477
21_1522
T1_sriez
I_11481%

sLEOERL_727
cLIgen2_771E
CLEOSEL_2623
CLSOEO3_12063
GLEOEO3_10345&
GLSOSEL_1502
GLSOSE1_2554
eLE0E02_1Q1074
SLEORO2_1276€17
SLI0EO02_14Z86
eLIDEeL_1
SLIDERL_2401
CLEOBO2_11€477
GLEDEEL_3E1E
GLEDSEL_3:%7
GLEDEDI_11331%
cLSOREI_137740
GLSORO3_222135
CLEOSEL_S72
CLECED3_33275
CLECEDZ_137613
GLEOERL_4057
SLIoen2_1o03220
SLIOen2_132%0
SLIDERL_421€
SLIgEo2_pEET
CLEOEOI_14573
CLSOEO3_1E51E
CLEOSEL_3575
GLSOEOI_1E€477
GLSOSEL_1582
SLEOEO2_SElé2
SLEOEQ2_1l4ElE

eLEOERL_727
CLEOEO3_T771X
CLEOXE1_JE3232
CLEOEOI _1J0ER
CLEOEOI 10345
GLsOSE1_1502
GLSOSE1_2554
GLSOREI_102074
GLSOREI_127607
GLEOEEI_14586
crEoEEl_1
GLEDEE1_2401
cLEDEDI_11£477
cLEgEEl_lE1E
cLEDEE_34%7
GLEDEOI 113318
GLEDEEI_137740
CLEOEQI_I1Z135
CLEQSEL_S572
CLEQOEQ2_33375
GLEDEOI_ 137612
cLEDEEl_$057
GLEDEDI_10220
cLEoema_1Ea%n
CLEQEEL_JZ31E
CLEOEO3_BERT
CLEQOEOI 133272
CLEOEOX_L1ESIE
CLEOSHL_JI575
GLEOEOI 16477
cLsOsE1_15832
GLEOEO3_SE16zZ
GLEOEOI_114E15

Appendices

AAASTCCOCIC= e esssnsnneee s T ACACCARCSTACATITIOCCTCTICCICCITATCT
COCRCE] = TACATTACSSITICCICCITCEICT
ToARATACT S - -~ ToCoA---CTETSSATOATSTES
TOSARCACTE--~ToCoo---CTETSSATOATSTES
ACCETCAGIE---SLACCRAATICT {id

183

CITCTCATCOSTICCTAAATTICTATTICCICICRATST
ST TCTAATIGATSSTAATTICTATISOICIOSATST
SICACCATOSS A CATACTISSISSICASTITICS
S AR RA AT AL TAAATACTSSICISANTET
AT === T AT AR T SO AR RSO AR -~ SR RRET -~
[= k- b ] AT-==TTE A OO oA TS OA S SO RS--S0500T -~
ATARTATAAC= === === == ST OOCCT SO TOSCASTOTCT TSoSTCC
fr-tmat it eal bbb S f S bl S abralan g rtab Lo gt B bap palap el L lab-Taiml eyt ad- |
CRCCACCITICOASTI SO IOCTC==CACACTICA
=== IO A TCACC TS~ 00 TC0CS == T o0 o === 132
CACTCCATCTATCTATACARASCASC-~CISITACS

ACEACACCT: CTCAATTCTCTASAATCTASTASCACASACCSSTOS 258
ACSSTTICT: GEAGSTCATCEARCCTSTGATGACTATSSASTIITST 156
ACRATTTICT -=GS TGS TCATCSAACCTSTCACSATTACSSASITIOT 153
ASRSTTICT - SSSCCCATESSSTCTSTEACAARCASSSOATETST 153
TﬂMﬂﬁMWMCCﬂﬂACﬂﬁG:““WW 768
ATAZICT — = IO T RAT AR S CAZATTISCATIARSTOCEAS-—-TEC 137
ATAST — = IO CAC S CACACTOoATOSSS IO RS- —-T5T 137
GCA’;?C:GC‘ S s s s s A C S TCATCCCACATCICT OO RC oA -==TCC 147
I e = s s m == A DO TCAT OO TOST S TACACASSOCAD S ===TCC 147
ACASTOIC e mmmmm e S O OO A S S S S TCTOCATOS TS ARSTAT--=TCC 204
T ise
ACASIATICEICS = 188
——ASRmm———— - 138
- 138
- 158
- 538
ART ACALS---ATIT === 171
AR ACALE---ATIT === 1€8
ATA
SAT:
COEETOGAOGE
TAS ACCCTTOSSICS
=S ACSSARCCATST-
T ACSSSTCTCICT-
....... TeT-
esT SOSSTANTCTIT-
AR TCoE===ACAAT-
=3 TCCASANCTOoC-
coe TCAR—————=
TEEA TTSTZARSACES
ART TEIZATASLZS
ART TEZEATZAAAA-
ASSm——— —mm e TACARACACASmmm—————m= 1E7
AR SR AR O EA S S S T TE AN TACCTTCTCCTCTCOCTECTATCASCSCACTSTARAR BI8
cas-- === TCTCACAASSCmmmmmmmm== 1§21
(12 TETEACASAS === === === 1§21
TET TEOGASATGAR === === 161
AT TeemAszaT
TAT: TaT=ASSATES
——————————————— CCCCTGAACCCAG mememmees 221
- — O CATIAR T C S S S - 211
- -CTTCCCOETCC-—— - 1137
- -CTTCCCCETO - 137
- -CETATCSRECESRA - 173

“EATCTEIAAAS A
=CTTCTECTSRO0C-

~COTCEEAETETCOETCT -
= mm e m = GOTCGCASTSOGOETOS- -

- SSTETTAT
e ———— A OO C G AR SCTTATATCTASCCASTCCCATARASSASTITONA 143
CECSG mmmmmmmmmmmmmm————— 20

ASACCTE:
——————————————— CTACTATETCACET - - 223
- mmmmmmm e = TTATTCCCCSACT == mmmm == - 183
- === == CTATTCTOCHACT == - 180
e AR S S CTTCC A= -== 180

A A A T oA T oA AT A O S oA LT o oA O O DA A SO AR S TOC AR SO AR CATATIC
R 0 0T = s = - L
=ATACSCCTTATCRS

- =CTATASSTISATAS—
- =CTATTTISCTISALSS

312 |Page



bl
c*

bi

o W gow n oo o

0o oo o

o w oo

L]

cLsoEEl_727
CLEOBRO3_T771E
cLEo=El_2£22
cLIoEDI_12083
CLEQEDI_103454
CLEOEE1_1502
CLEOSE1_2%354
CLIOBOI_101074
CLIZOEDI_137€17
CLEQEOI_14586
cLEOEE1_1
crLEoEEl_3401
CLEZOBOI_116477
cososE1_381:
CLEQEE1_3457
CLEDE03_11331%
crLEoEnI_137740
CLEDEOI_11213%
coEgsE1l_s72
cLEZROI_32275
CLEOEQ3_137€13
cLEOEE1_4057
CLE0803_10233
CLEDR03 15250
CLEQEE1_421€
crLEoE03_s€@7
cIEIE03_14572
CLEQROI_16€53€
CLEQES1_3E7%
CLEDR0I_1€477
cLEOEE1_1582
cLEDE0I_SE162
CLEDE03 11421

SLE0sE1_727
SnLEQREa_771s
GLEQEE1_2€22
SLIORO2_120€2
CLIDE03_ 1023424
GLEOEE1l_1542
SLIOEE1_2554
GLEORO3_101074
SLIOROI_127€17
SLIDE03_14%8¢€
GLEOEE1_1
SLIOEE1_2401
GLEOBOI_11€477
SLEQEEL
CLEQER]
GLEORO3_1132215%
SLEIORg2_127740
SLIOEDI_11213%
CLEQERL_X72
(=11 -] 27%
SLEQEEI_ €12
cLIo=El_4as?
cLIoEDI_10330
CLIOEO3_13230
cLEoEEl_d431E
crzgEna
cLEOEDI_143573
CLEZOEQI_1E€536
CLEIOZE1_3%57E
CLIOBDI_1€477
cLIgEEl_1582
CLEQEDI_S5162
CLIOBOI_114E1%

CLECDEEL_727
SLECQBEDZ_771s
CLEDEEL_Z6€22
GLEDRD3_12063
SLEDBEDZ2_1C023Es
GLEDERL_1502
SLEDEEL_25:24
CLEDBC2_101074
GLEDRE2_137E17
SLEIDBED2_l4izBE
CLEDSEI_1
CLEOSEL_3L01
CLEDED3_11E477
CLEDSELI_3818
CLIO0SEL_3457
SLEQDBEDZ2_1l12215
CLEDRD3_137740
GLEDRD3_112135
SLEDEEL_E72

CLEIgEs1_a0%7
CLICEC3_10220
CLEDEDR _123X0
CLECEEL_S316
CLICDEC03_BERT
GCLSCRC3_18573
GLS0ROA_1E536
GLE0SEL_3575
SLEQEDZ_16€877
GLEDERL_1582
SLECDBEDZ2_S5El€2
GLEDBED2_11l481E

Appendices

e e e e T T T AR D S AR T O A A AT T CACTADSSSSATATA
o DS DGO G TCAR TCARACTACT SO CATCACTADSSASATATA

--------------- ACATSO o CATATAACAACTCACTOTCTICRLEIT

"=ITIST TIC A==l CARCCATIARTAD
- CACS ATAC AT oSO CATOAS -

ATCoCCACAATCITOSAC-COAATIAT

ACCOOSTAST - TOS:
AeACICTAICCIEEA A s ICAT—
ST ST LTI T AS T A AR, T S e
AT e AL e T T e T I I oI T T AR AR L C T oA R e T~ CoCARACASTORATICOSTET
—==m—=========TASTTTGATTIS-— ===~ T5oT GA-————CARRSASSOAT

SR EAT TACS TS CCCATTGACSLST SOOI
AT EATTATS T CORATORACTLOLTICT

-ttt
AT
ARCT
ASCT
ACEE

AATSTCTGC

ASTSICSTGT

TISTATEZA

SITOSSTET

T A S S A T TA T S O A T A T O ST T T O I CARARAT COARCCICICI OO CART AR

- AR A AR T C AT CACAS T AAT OO IACTICAIT

----- S LAAAA AR T SAT SAAA CAAATCOCACCCA

=== ATCET

OSSR TASTARTAT IS o TART G -~ = — === === === m————oe e

e AT ST I OO AS SO ATACASCICAT
----- ~CETCOCEATCEASEORATA
=======CTCTCTITTECAC

—==———GATCACACARCASEASTCECCEALTITCTAS
—————— ~CTCCCACCACAS-———-—-CAACATCTAN -—
a1 ATAASN

=T

- ZCTAASTCOACCAATSSCATC

2532
2532
153
153
Za4
81

23E
222
44
Z0e
155
218
23a
261
Se4dE
156
02z
23s
245
ig2
1ze
1Ze
3a3
152
155
155
S48

ig08

TETATACCARATGASTSOCT COARGCASSD
COARSCATISTSTCAASASASSARD
- L LA RAARRTIFICICAATARAS

313 |Page



o oo o

C U oTuw
_— et

L]

CLECSEL_727
CLECEDI_T71S
CLSOSEL_26322
CLSCEDI_120E3
GLEDED3_103454
CLSCSEL_L502
CLEDSEL_Z554
GLSDRO2_101074
GLECEBO2_137617
CLECEC2_L4EBE
CLEDEBL_1
CLEDEEL_2401
GLEDBOI_11E477
creozei_sele
CLEDEEL_34%7
CLECECI_11331%
CLEQED2_127740
CLECECI_11213%
CLSCOSEL_S72
CLEOEDI_3317F
GLSCECI_137613
CLEOSRL_QOST
CLECEC3_1033C0
CLSCEBO2_L52SC
CLECEEL_&316
CLECEDI_EEET
GLECBO2_14572
GLECEDI_LE536
GLEDEE1_357%
CLEDBOD2_164277
cLEDEE1_15232
CLECEDI_S51€2
CLECEC2_114B1%

SLEDERY_727
crLIoEDI_771E
CLEOSEL_ 2623
GLSDEOI_1Z063
GLSOEDI_103454
SGLE0SEl_1502
SLECERL_2554
GLEDER2_101074
CLEIDED2_127€17
cLEDEDI_145EE
crsoxEl_1
CLSOSEI_3401
GLSOEOI_116477
SLE0SELl_2@1e
CLEOSRL_3457
SLItEpa_112215
GLEDED2_127740
CLEOEDI_11213%
cLEOEE1l_X72
cLEDEDI_33ITS
GLIDEDI_ 137613
CLEOSB1_&0S57
SLItepa_10220
SGLEOED2_152E0
SLIDERl_421¢€
SLIoepa_ese?
CLEDEDI_14573
CLIDEDI_1E536
GLSOSEL_3ISTS
CLSDEDI_18477
GLSOSRL_1582
SLIDEpa_gsEl1€2
SLIfEpa_114B1E

cLEOXEl_727
crLsDEDI_771S
GLSOSRL_Z622
SLEOEDI_12063
GLEDEDI_103454
SLE0SEL_1502
CLEIDZE1l_2554
CLEDEDI_1018073
CLEQEO®_137E17
SLEDEDI_145EE
GLSOSRI_1
GLEOSEI_2401
CLE0EDI_116477
crEosel_zele
CLEDSR1_2457
CLEDED3_113315%
cLEDEDI_137743
CrsoEDI_11313%
CLSOSEL_S72
CLSDEDI_332T5
crEoEoa_ 1376132
CLEOSRI_4057
SLEDED3_103320
CLEDBOI_15250
CLEIDER1_4316
CLEDEDI_BEET
CLSDEDI_14573
CLE0E03_16536
GLSOSRI_3I575
cLEDEOI_ 16477
cLEDEE1_15E2
CLEDENI_55162
crEoepa_11481E

Appendices

1128

e e e e e e e e = D TS TS DS CTASSTET

---CACCTETICEACASTSS
—mmmemee e CACCTCICCACASICS
——=CETTTSTIACACASTIET
- TETEOSATICTIET
———— AR AR CCCTAS = === =
At E AT A -
CooSTSoR
o e A S EAC TETECASSTOSTES
e - ACCGOOGCTECACSSOETSS
CTCTCT-CACTESTT -
ETTCOOEETT T T

TATCASTCTCRGEROCTE
L CTTCTCTCTAATOSTCAS

ARR R T AT I O T T AR C T AT I AT CACCARCT CARCCTCATATSCTICTISSICAS

N - T s - iy s - -Toe
s e e - o S L L e S e S A

T T e S S T T A A S T T A A S S T O T A ST SO O TATCS TC TCAAS TS TARSSTS

L e e e 5

o

e

314 |Page

3E1
221
238
2B
1315
238
228
23
228
252



cLIOEE1_727
CLIOEOR_TILE
CLIOSEl_2E22
CLEOEO®_130E2
GLSOROI_102454
GLEDSEEL_1502
GLSOSR1_2554
CLSOROI_101074
GLSDROI_237617
CLECECI_ 14586
cLEps@L_2
CLSOSRL_2402
GLEDRO_22E477
cLsosS@1_2AEMR
cLEDSR1_2457
CLEDED2_122215%
cLEpe02_137740
CLEDEO2_11212%
crLEp=e1_s=372
cLEpen2_2227%
CLEDEO2_137£13
cLEIp=ZEl_40%7
crLEpEOa 10230
CLEDBEO3_1X2EX0
SLEDEE1_S3LE
cLIDED2_EERT
CLIDED3 _12X72
CLEDEDI_1E53E
CLEDSE1_3375
CLECBOI_1E&77
CLEIODXE1_1582
CLEDBOI_SI1E2
CLEOEOZ _11IELE

GLSOSR1_727
CLSORO3_77LS
GCLSOSE1_ZEZZ
CLEDED3_13063
CLEDEO2_102454
CLSOSE1_1502
CLEDSE1_Z554
CLEDBOI_10LO074
GLECED2_137617
CLECED2_145EE
GLEDER1_1
GLEDEE1_2401
GLEDEDI_11E477
=@g1_zE1E
=E1_32%7
ED3_112215
CLEDBD2_137740
EOD3_113113%
=E1_=732
CLEDED2_23275
CLEODBEO2_137€12
CLIDZE1_Z0%57
CLEOEDI_10330
CLEOEOI_15250
CLEIODZE1_&S3ILE
CLEDEDI_BERT
CLEOEO3_148573
GLECEOI_LESIE
CLIOSE1_3I57S
GLSOEOI_LE&TT
CLSOSE1_1582
CLSCECI_S5LEZ
CLEOED3_113E1S

GLEDEBE1_727
GL3IOEOI_7TILS
GLIOSB1_ZEZ2
GLSOEO3_12063
GLSOBEDI_102454
GLIOSELl_1502
GLEDERL_ZI554
CLEDBOA_lOLD74
GLEDRD2I_1276&17
GLIDBED2_l458€
eLIDEEl_1
cLIDTel_2401
GLEIDEOD2_11E8477
cLIopzel_2ere
GLIDER1_24%7
CLSOEDI_113318
GLEOEDI_1377&D
CLECOEDI_11213%
CLIOSE1_S72
GLISOEDI_3327S
GLSORDI_137612
GLSOSE1_s057
GLSORO3_1D0330
SLSORDI_25250
GLSOSEL_&3LE
cLEIDBED2_pgea?
GLEDED2_14572
eLIDBED2_lE52¢€
CLEDERL_3E7E
eLIDED2_1E877
GLIDEE1_1582
SLIDE02_STlE2
CLEIDBEOI_11EB1X

Appendices

TOATCTARTCETTACT T IO TS = = = = = m o o 338

e CTETAATS-----mmmmmmmmmoooe 1€8
B - 1€
Izs
248
e . L = e ——————— T 1
s S T 24%
TSI AT TS TEARR ST S o TATCARTATATTCOSO0CESTOECTECATTTCAASCA 1275
- o T T o o o 6
-SASAATS 245
=SARCCTC 245
-SATOCTS 245
cssssssssssssse Tl ClCesssssssssanas 258

o L e T e o o o T o e o o e e
-

Y -

= AR A A CAT T IS TACATAT OO CATATOOCAZACT

TATRCA AR GET = m o o o o o o TOSCSZAR 310
AT DRI o o e e w DOD G RG0S BB
Fad- N ad- T ASCT T &0

I n Ac 338
A ASTCRAASC ACCTGSCA 225
TICELASLEICT TooOSSIT 245
ATTISECEAZIT SooOESTA 207
= 225
EETASE SR TOCTESCA 216
TooZIEZAZIE 221
CEORASCEASTA SooZZEA 2TD

e - Y - e tat W% 1. 1.1

B Ty I 1]

TARSICCRASTS = B2
TCAATSCORAASTS TS ZB2
AR T AT AT TS T A S OO A AR T I TS ICICoATCISCICICCTATITACACAGIAS 1255
TACATCTACITS s 277
TACATSTACITS = 277
CTOCTGOSARTS Ch ZBEOD
CIOCISTISASTS CA ZEBED
TIOCTCOECTTE o 33

315 | Page



0o o0 o

o w oo

L]

o wouow 0o on T

L]

CLEOZEL_T27
CLECEO3I_TTLE
CLEOSE1_ZFEZF
CLECOBEDI_1ZFOE3
CLECEDI_LO3454
CLEQEEL_L1SD0Z
CLEQSEEL_ZI5S5aQ
GLISC0RD2_lO01074
GLS0RO3_137617
GLEDRD2_14%RBE
SLEDEEL_1
EEl_2s0L
BO3I_11E&77
EEL_2BlE
IEL_2:2ET
ED2_1i221%
137740
SLEDED2 _11213F
CLEOSEL_XT72F
CLICEO3_23IITS
CLECEOD3I _137ELR
CLEOSE1_<O=7
CLECEO3 10330
GLS0RD2_15I50
GLEO0SE1_4316
SLEQED2_EEET
SLEDEDI_14572
GLEDR03_16526
E@1_23E7E
ED2_1e477
=E1_15B2
B03_5E1e2
GL'DED’ i1lsElE

CLEOXE1_T727
CLEOED3_771%
CLEOXEL_2E232
SLEDEDI_12063
SLEDEDZ_1O03ISES
SGLEOSE1_15032
SLEOSE1_ZI55&
GLEDED3_101074
CLEQED2_127E17
SLEDED2_14ZEE
SLEOZR1I_1
CLEQOIEL_23D1
CLEOEOX _11E277
CLEOXEL_3ElE
CLEODSEL_3&57
CLE0EQ3_11331F
GLEDEOZ_1377&0
SLEQED2_11212%
GLEOSR1_S572
SLEQED2_22275
SLEgeEna_127€12
GLEOSR1_4057
SLEDOED3_10338
CLEOEO3 _1X230
CLEOXEL_&31E
CLEOEO3_BRERY
SLEDEDI_14573
GLS0ED3_le536
SLEOSE1_257S
GLS0E03_1&477
SLEOSE1_1582
CLEIDED2_BIlE2
SLEIDEDZ_llaBlE

crEose1_727
CLEOED3_T7715
CLEOSEL_ZEI3
CLEOEOE_1IJ083
CLEDEQD3I_1O03458
GLEOSEL_1503
cLEDEEL 2558
CLEDED2_101074
crEoEZ_1237817
cLEoEDI_1izEE
crEozel_1
CLEOXE1 3301
CLEOED3_11E477
CLEOSE1_ZE1E
CLEOSEL_II57
SLE0EQ3_11331F
SLEDEDZ_137740
GLEDEDZ_11213%
CLEDEEL_5732
SLECEDI_3327%
crEoED2 127812
cLEDEEL_&0ET
crEoEDa_1o2ac
crIoEDa_132EC
CLEOXR1_ZS31E
CLIEOEO3 _EERT
CLEOEOZ_14573
CLEOED3_le53E
GLIE0SEL_3I575
GLE0E03_16577
cLEDEEL 1583
crEoEDa_SElEz
CLEDEDZ_114E1%

Appendices

ATCCCTATICTTITCOARSOCTODARCE TSI CTACTACATCOARCAC TR R == ==== 30
AR TR I T I oI I o R R T o T AR T R I T T oA CA ST I SO ARCACORA -
TACT AT T C I IO A S m = e e AT T T T OO T T T OO A TS o o omomom om m om am m om m

CACCCETCTCTACCARS----ACTTTCEATTITEOATS - - -
ACCTTCTTTICTACCAAACCACACACTCOCAACTCTA

COACS S Te e T C o T CARR A AR ST Co TG ST ACT I CTAASASATCTS ——
CEACCETETEAETERET A ACCARCATOOA

ACACCATCTCTEA ACATG---CTGoASTATOOACA

CTACOATCTOOARANS S T J— ANACSTOTAC

AT AT T T AT T A A T O T ST O S C AN T SN ST A T SO O SN S E AT e — e e e e me
ARCTCATCICCARIGARETIICNIC SISSAC

=== O I TARSTCOoAS———CACTOOE ATEIEE

LA AT AT S T A A AR S o LA ST AT oA TSI CTACTACTICTARGA-
== AR CTACT LI CARART COACIZADS
O A R T D D R D R S D AR CA D S Do ST o TACAC O OO CAS ST OE == ========== 210
S A D D o A T A S S o AT S oA S TS IO ST oo o RO oA T O~ = ———— EED2
(=1 2o
TCTooToRoRs f+»+r.+aMWZMEMQCM#-+nusst.-f.r.-+t.+t.+t.+k-+r.-+v-»-ss ETE
ToOCooERDE= =R CARCTEOCCRRCETCT. -

TEIARSOOZZZATICSIZSOON

ATACCGSCTATGAGCICTACRATICNG

ACCCTESCTATSASCICTATARTIONS

ASARCCSOTTTICOCOCTTOSSOTONT

R AT AR T A T A & A AT L AR S A A R A AT CATEL A AR AT AEA e e A5
ACCATCOATACACAA--COCTORDORACN 30¢
ARGATCSCTATATAS--CTATCSOSCATA 204
TGEATESATACATTA--ATCTC TG 207
TCOACCOCTACATTA--ATCTTOOAMES 207
ACCASSSCTACACARSCSTCICOOOSACS 262

m—m————— T A AT EATCT T CAT T AR T CC T AN CACCAS T C - mm mm e e e e €3

—CTQATSSCTACAASCTSEATSCT
——————A OGSO TACAATSTSAATA
________ CECAAGEATACTTICOST

-------- COCCASEETACTTCATTCCASECEASA

s e e CAACTTACTTCCTCTACAASSECS
ACATART TCTTCAASARCOCE

CTSTCORAD EASTSOSToCACSITI - -~
TTICOCSoOCoTSOCTSSTOSAT SETE
e T T LD S LD DO T OO DT CAT I CA T L ORZAZITT

TACACCAOOCARCDOCTZOTA 413

ST TCTAC ST Ao OO TACT CAS ST CoCACARTSCARRA ——— -~

AR AR LT OO oAS - - ARSTGCASSA-———~

——————————— OO A OC Do ACT
AN oo

ITTARRTSTATAOCARTAR-
ACAACCTCATICCAC A A e e e s s eenanennennn §10

ATTSTCTICCASATA= === e e e === 331
AR ST e AL CAR AR ICICAT == m e mm == L1 5HL

CCCTESSSTESTICOCT
——————————— OO A TS T T CC T COACSSCTACARCARCSTC-
A S TS OATATIS T SO TACCACAASSTOSS
=o====w == === Ol OO ARG STOTCCASTAST - CXTACTOOOTOCRCCAS -
GG C TGRS TS TACCARC-TCISATICATSTACIAS
———————————— AL AR T O I TATASCRT -2 15 AR
—CACCACSTOSZTTSTITONT- - A
———————————— AR T ST IATAT AT -SoASCEACAAAACTICEN
B e L e
mmmmmmm = DO TAT === =T AR DS == ~COCCATE -~ 0000 s
e ST oA TS TE T e T T SATATOAAS S SA-SoASATSSATATA =
m———————C OO A TEARST
CCCTCOACSSCACCT
——————— OO TC TG SATSSCACET
----------- —CTCCTASTTTSTOAASLO5TSET ARCOAOA S - 253
m——————————e A TGO TC TS TSCOS TS TCARAACCT ASSACCTAATCSARACACATIC TE4
=TT ARTCTARCEIASCCS -~ -~ =~~~ COARARRCT T TA- - - - === === 407

AR SCA ST T O SO C O CA LA mm————— 31

-----------c.:»'rv:‘m‘r:r'------------maoccocamtc:c------------ 227
B = e e et o e 1
= AT AL ST RO AR SO S TSSOSO aRTe CEAATOZS--=
= L AT T A S S A T T e S T I T TAATAC O AT O S m -
=T S AT AT T S AR CT I CICICTAARCC SO ACAC S ===
= AT AT AR L e L A CARARTIAT CTACI ST ACAC D ==
SITCTACTCASCTISCATECA SFRAAZTAARITA ASTATZOZATCARS 1517

e e R LG TAT AT CCRAT CERAARETET
——————————— TCTECATEFICCACTACAZIZTIT
——————————— TCTSCATSSITSACTIACR ST
——————————— A T T A A S S A A A S A T AT SO S ST ERAC IO e~ m e m e 413

316 |Page



o oo o

.1

L]

o w oo

*

n oo T

&

o w oo

n oo T

L]

*

o woow

'—

cLIgEEl_727
crEoEgI_7Tis
crLIosEl_zE32
CLEOEDI_120E3
CLEOEO3_10335&
SLE0SEl_21502
SLEOSEl_25E3
GLS0E03_101074
CLEOBE03_127ELT
CLEOBEO2_14%2E
CLEOEE1_1
SLEOEEl_3401
SLECEDI_11E377
crIgzEl_zmie
CLEOEEl_3457
CLE0EDI_11331§
CLEOEEI_137740
CLECEOI_113135
CLEOEEL_5732
GLEOED3_22275
CLEOBEOD2_127ELr2
CLEIOEE1_&40E7
GLEIoER2_10220
cLICEDI_1X230
crLEoTEl_431E
crLIoEoI_EEET
cLEoEDI_12373
CLEOEDI_LESIE
cLECEEL 3575
SLE0E02_16277
GLS0OSR1_1582
CLEOBE02_SSLER
GLIOE02_1l381S

sLEoEEl_727
crEgEOa_771s
cLEOsEl_2E22
CLEOEDI_12063
GLEOEOI_103458
CLEOSEL_1502
GLSOSEL_2534
GLEDED3 101078
CLEOBEO2_12T7ELT
ED2_lsEBE
21 1
GLEOEEL_3301
CLEDEDI_11E477
crLIosEl_3ElE
CLEDSEL_3437
CLSOED3_113318
cLEOEO3_137740
SLEQEQE_113135%
SLEQEREL_S573
CLE0BE02_22375
SLEQED2_127612
SLEQEEL_&SC0ET
(=431} ig2zo
SLEgEO3 _1%2:0
cLEOsEl_d31E
cLEOED3_BERY
cLEDED3_14373
GLEOEDI_16536
CLEOSEL_357S
GLIOEOI_16477
CLEOSEl_1582
CLEOE02_SELEZ
SLEQED2_114BL1lE

GLSaSa1_737
CLEQEn3_7715
crEoTel_ze22
CLEJEQ3_12063
CLSOEQ3_1024%4
CLSOSEL_1502
SLEQSR1_2554
SLEJEn3_101074
SLEoE02_127617
CLEJEQ2_13IBE
crsose1_1
SLIOSE1_3301
SLIOE03_1164877
SLsasEl_381@
SLEQSEL_32857
crEoEgoa_112218
cLToEg3_137720
CLEQEQ3_11213%
GLSOSEL_572
GLSOEO03_33275
CLEJEn3_137613
SLEQSE21_s0E7
SLEgega_10220
SLEgEQ2_1:2:=0
SLEQEAL_J31E
SLIOE03_RERT?
&LE0@03
X LELE]
SGLEQSRL_257%
SLEQERa_1€377
SrEosEi_ise:z
SLEIEQI_SE1EZ
GLSOEO3_11&ELS

Appendices

AR A A T A S T AR T AT AT S A AT ACTACAC ST COSTACATCACSTISTASSSIZARSA

A A A A D AR AR S A AR ST CATT SO CTATART

-—————TCACTCTC
-CEACTEOS
==ACTCTCTS

= G L A R A S S S A T AL A SIS I GOGGATI G ===
ST TR G TATOCASSSIIGIGoERATT - —— =
AN S AT A !
A T S e T T
——— AT AT AR S o T AT OIS oA TACT O =
- AT AT AR ST EACTAS TS EIAOCACTITIO -~
AT AT I AR S ST CACTASTSSISoCASTIC—
ROGATAAAAASTACAASS IS

o o

- OISO CACAS TS TACCAR S TOASACASTAACANGSS
Y-S B T T ey T T N ——
AR ——————— - AT e TOCCAST 2 ATET T ————————
Almm e e m e —————— SO S TS T COTOSAST EACGSEATCI T mmm—————
A S A OO O T O EA S A = = = = AR A S S = m m mm m
AT O S S S S ST AT I T IO T S CASCASASIA~ ~TESAR

=CATTTCEATEASST-SICISSo AN
~ATEERTEEOCAE -~ ~SASSEADCAC R~
~STSEATASCSAS -~ ~CARSSA

- R A GO A A SECEATS A

317 |Page

TEE

1587

535
535
2585
29%
472
57
1=
451
451
12
2e8
EE -]
113
4ES
532
xs18
222
B2€



b*|
c‘l

-]

o oo o

L]
=

o uw ogw

*

b
*
ol

o oo o

L]
—

oW ow

L]

o U oTUuU 00T
b =

*

GLISOSE1_727
SLE0803_7715
SLEQERL_Z2E22
SLE0Eed3_12063
SLEZEma_imo3sEd
GLSOSEL_1502
CLSOSEL_Z554
SLEO0803_201074
GLSO0EA3_137617
SLEQEN2_13Eg€
SLEOEEL_1
CLEOSEL_3:01
CLSOEO3_11E477
GLSOSEL_JELE
SLEQERL_2457
SLEOEQ3_112215
GLEDEQ3_137740
SLEIEO3I_11313%
cLISOSEl_%¥72
SL50803_33275
GLES0EO3_137612
SLEOS@1_<057
CLEOEO02_10220
SLEgEgI_ix2xn
CLEISEL_&3I1E
GLSOEO3_RER?
SLE0803_14572
CLE0E03_1E€526
CLEQOER1_237%
CLEOEQI_1E477
CLSOSEL_1SEZ
GLSOEQI_SS162
CLEQEQ3_214E15

cLEDEE1_727
crLEDEDI_771%
cLICEE1_2622
SLECED3_12063
CLSCEDI_103434
CLEOSEl_1502
CLEOSEl_2554
CLECEDI_101074
GLSCROI_137627
CLECEDI_145EE
CLECSEI_1
GLECSEL_3401
CLSORD2_11E477
CLEDSEL_2ElE
CLEDER1_24857
CLEDBD2_112215
SLEDBDI_1377&0
CLEDBD2_11212E
SLEfEEl_=72
SLEfBED2_22275
SLEfeD2_127612
GLEDER1_&O057
SLEfep2_1o0220
GLEDBDI_1%2ED0
GLEDERL1_&216
CLEDBDI_BERT
CLEDBD2_14%72
CLEDBODI_1E523E
CLEQER]1_2X7X
CLECBO2_1E477
CLEICEIEL_1E5B2
CLEOEDZ_SS1E2
CLEOEDI_114E1S

CLEDSE1_727
CLSOROI_771S
CLEOSB1l_2622
CLSDEOI_12063
CLEDEOI_102454
CLEOSRE1_1502
CLEDESR1_2554
SLEDBDI_101074
SLEDBDI_137617
GLSOROI_145R6
GLSOSR1_1
SLEDEEL_2s801
GLEDRDI_11E477
GLEDER1_321B
CLEDERL_3457
CLECBD2_112215
137740
11212%
=72
SLEfBD2_22275
CLECED2_137E12
CLECEIEL_&4C0ET
SLECBED2_ 10220
CLEICBED2_122E0
SLEIDIEl_421€
CLEDECI_BERT
CLEDEOI_14573
CLEDBOI_1E526
CLEDIRE1_357E
CLEDEOI_1£377
CLEOSB1_1582
CLEDBOI_SS1E2
CLEDEOI_112B15

CLEDERL

Appendices

=T AT SR ATASAACTACASACASOASTASCTICST
=l A AR TR AR I SIS oIS -~ ST TC oA S~~~

- T O T OO T AL S A A A CATCT OO m mmm—m =04
—— - ARSI SO SRS E T S AR T C O SO C AL T TECASSCATT CETTORASCTEOAESR S13
————CACARAST ST G oS T C TG OCACCTCTACAACTCOT SOCTCARSCTGOASSA 271
-———CACTCOSTSTARSCOTC: -—CCACAGAR TECTAADG === cc 534
- C A A SO TGOGAT GEA S === == = C TG G === O A S A CGAT GO LA GO GEEE====CT 534

Smmm s AT =E2
-G T OO DT T ACA AR TE oS AR SR TEARTATTATARASATCCTARACSOCCATETE SES
———=TAOCH STGCTATCAGS: B L L |
-——teToTT I e T e L L e e ANCCASAATATSS =282
- - T T TOGASS oG ACT -~ CT A S A A SEA AR SO ELCEEACEACCATTTST 573
- T TGOS S e TOCT T~ ~CAO DAL = = == m e e e = SRS S S m = = m e ~CTES 357

=-==ROCRTRSN
e T A A S T T A T S A A S o

TAIT

=T TISTSATCATAC: —
== ww A TG CASTIGIGTAGASIT -
B
B = e Y

T B T T P T T o o B O B O s

==SRCATICASTECTIONOS

OCTCOEODEADSSETACTACCTCTCTARCAS - -
ARCOODSOCACATSCACTEOET ATSCASA -
ARGET TGTACTSOST 2 A

A TAASTCCACCAASTETEGASOCAS
TACAAT SSSSAACT ACTI ST CACACAT OO === == === SO RO ACTOTAS
————TT TATEA T=oTIcE

EEECATATICICACCICAATZCIAT
A OCACCCACTOCACSTORS

________________

CAARSTATCTOARCSSATAATSOS
Gu:.mm_arcca..
————OTEATS
CICIT AR ITCTATCISARSSADSSOAAT
e TEICTCTECACSTOE
e T ACCAOCTEL
SETSCACToOATSO RSSO,

s

m——
g

TOSOCTATIARTSEAAAAT AR ST A A TC TSSO A OCATC TR TAT e
- ATCOCTAASCAATSTARSSCS
= ACAAC: ACCTCOCACCOD

e} O TECAACADS

oA TTTARSCTOST SR

318 | Page

aos
aps
515
a4
oz
SEE
SES
5ES

ase
E17
507
&12
5558
282
5452
a5
ZE

256
2
zEZ
L]
237
a4n
1758
42%
42%
428
L3
a7E




b
cl
crLEDEDI_11213%
b1 =
c

CLEQER1_727

GL30S !1_3 R1R
SLEosEl 2457
b £LEC@03_ 112315
c | | SessEra_1arves
b || GLscaga_iizias
c

SLEI0sE1_572
CLE0RD3_22275

pppRApan

SLE0RO3_137617

= 03_14586

=+ 581_1

=+ Bl_3401
116477
_2818
_2457

I 3_11331%

ppapnppapppRRnng

oL
SLISIDAD

3_114815

cLEoERL_727
CLECEDI_7715
CLEDSEL_Z622
I CLECEC2_LIDE3
CLECECI_103454
CLECEEL_1502
CLECSE1_2554
CLECED3_101074
CLEDBRD3I_13TELT
CLEDBED3 _14%5BE
CLIOSR1_1
CLECSEL_2401
GCLECEOI_116477
CLECEEL_2818
CLECEBL_2457
I CLECED3_11221%
GLEDED3 137740
CLEDSEL_572
CLECEC2_23275
CLECEDI_1237612
CLECERL_S057
cLECED3_10230
CLECEDI_15350
CLEOSR1_&216
CLECEDI_BEET
CLECEDI_14573
CLECEDI_LE536
CLECSEL_3575
CLECED3_LE477
CLECEB1_15832
CLECEDI_SS1632

SLECEDI_114B1E

Appendices

e —————— A S CEAT TCASCACA == ===~ CATCCACCCTCATTICS T~ === €45

- TCoSToS- = ASANTSC -
o e AT S m m TG T R m A AR CAS TOC T = ST A= = $ 36
o e TS T GA T T O E ARG A A S o e m TAC T TG e 3B

A I I I S A AR L A AR T O oA A A CACCCTITAT == === £53
oo = TCTCOSTCATOS==-000
A AT LSS S To oS TOCSoT -~ 58T~

EATAASSSCTSOoTSoEoT 0T~

———mmm———mm— - == GSETOCA
e - TOOGAASARAATASS T — - = - CTANCCTTOOCTCSASOSASCA
~CECACCTCOSOACE000
~CATTCCTOONCACO00S

===CAATACCAACTACACC
=====TITACSACSACTTITCAT-—~--= 528
=====SSSICCTSATIZAS

CTTCATATADS

CTCCATACACSATEATTOOCA 1871
~OCACCCTCATICES===== 458
e e e CTCOCARAAT = m=mmmmmm == e e CTACTCTCOATIC S == 28
e e e CAATCACCOCOCS A JE2
~CAACOCACTATCAR===== 362
~OCCTOCTTTICR A==~~~ 513

------------------------------------------- COSCACACCTCOTCASZN E£62
------------------------------------------- CCSCACACCTCOSCASA £33

—==ALTISTCCACOOS 356
memmATACSTOCRACCCC 356
=ASCSCACTTISTSCOZICCA SH4
=== SO TESASCTSOSS 1010
e e e e .= TOCTCASCTSONS JER
- EE e e e e e e e e e == AR CRATTOCORACOSS B
—AASASTSCACSCA €15
—ASCSATACTIICE €47
=TECTATSCAATC- 448
————————l T TITOOEEEEs 400
——eeeee=DCTCACOCACACT 706
- eeeee=DCTCTSSCTACTT SE€6
e OOGATTOCARCTS 623
== OOEATOOCARCTS €060
el e ==ROTT 405
—SEARSEATATSCECOCTA 10E5
—ASTCAATSCACCTC 265

i
e

O A S T T S m e 22

e esssssssss s ——————— - OO T AT CASCTTE E01

e eesCATCTATCTCICTA 422

---------------------------------------------- GACAACTECATTTA 485
---------------------------------------------- CEEAAATEOCTTTA 488
TCATCS TARCCAARCT TACARCCAARACAATTATTCTCSASSCCTTCOSCACTCCATTAR 1931
---------------------------------------------- TCTCACTCCARALE 473
---------------------------------------------- CCTCACTCCATACE 473

=SATOSCTSOCSTOOC 476
=SSCCSCToSOCTOOC 476
o B e e AU A ST TOGR 52T

ASSTICCATCSATTSOTATSCZS 1021
SEITOTATCTSSCASTACICR 288
€37
€20
EX7

%02
127
=72
701
[1-1-13
&L7
==SISTAATSTACTTACACOOSATEN 1103
==SISCAARACACATARACOSTATET 552
(1]

oA AR AR A T AT AT SO RATICICEATACDDT

ASSAZAT 1551

319 |Page



o oo o

=

o W gogo
L]

0o oo T

o w g
S

L]

stEcEEL_727
stECcEDI_771%
sLECEEl_ZE22
GLECEDI_120632
CLEOED3_1024%54
CLEOSEL_15032
CLEOSEL_I554
SLEDECZ_101074
CLSORD3_1376817
GLECEDI_14%5B€
crECcEEl_1
CLECEEL_2401
CLECEDI_11€377
CLECEEI_2B1E
CLEOSEL_J457
CLEOEO3_11331F%
CLEDEDZ_137740
SLEDEDZ_112135
cLECEEL_S72
SLECEDI_2227%
SLECEDI_127612
SLEDEEL_I0857
GLEDEDI_15230
CLEDBO3 _1%2%50
CLEOSEL_4316
CLEDOEC3_RERT
CLEDEDZ_14573
CLECEDI_1E536
SLECEEI_2857%
CLECEDI_1E6477
CLECEEL_15EZ
CLECEDI_BE1EZ
CLECEDI_114B1%

SLEOEEL_727
SLEQEC2_771E
SLEDEEL_z2¢22
cLEOEDI_120E3
GLSOEODE_1034%4
GLEOSEI_1503
GLEOZEL_2554
GLEAE03_101074
SLEgEg2_127EL17
[SXEEEE T
crEaxEL_1
CLIOZELI_3&Ol
GLIOEO3_11E&77
GLEOSEY_3@ala
SLEOZEL_34%7
CLEOJED2_11221%
CLEQEQ2_137740
GLSOEOI_1132135
GLIOSEL_572
CLSOE03_33175
SLEQEQ2_ 127612
SLEQEEL_sSDET7
cLEOoEDa_10320
cLEOEQE_1323D
GLEOSEL_&3LE
GLIOEOI_RERT
SLEQEQI_145272
SLEQEQ2_1e526
SLEgEEL_2E7E
cLEDEDI_1EST7
SLEOXEL_1582
SLEOEDI_SS1EZ
SLEQEQI_11s81E

cLEgEal_727
CLEJEOQE_T7T71IE
CLEQSEL_ZIEI13
SLE0EC03_13ICeld
GLsgE03_103458
cisgEsy_15032
crEgEEL_zsEs
CLEOEQ3I 101074
CLEOEOQE_137E17
CLSEO0EQE_1&5EE
SLEOSEL_1
cLEsgEs1_3&01
CLEDE0I_11€277
crEgzai_aels
CLEOXEEL 3327
CLEOEC3E_11331F%
CLEOIR02 237740
CLEDE0Z_213132%
ciEoEsl_=72
ciEoEoz_3227%
cLEIEOI_137611
CLEQEEL_&057
SLEJE03I_1D03230
SLEZE03_1525C0
GLEgEEL_4316
ciEzEoz_gee?
SLEOE03_143713
SLEOJEOR_1E5IE
CLEOSHEL_3575
GLI0E03_1E&77
GLEgEsl 15832
cLEOEOI_SE1ER

CLEQEQ2_113B81%

Appendices

ACCARRACCTCSTICR TSoGCIG-

pptabblayat-tatmrys BT T gl betal e Selbstatslag ol b6 b d b b il

=T ASAGAATGOC TG == mm = m =
AT T A S S AR TCOC IO oS TS TECARCATTCATARACTTATATATCOCCCTASSSA 2052

SOGSETANTARGTECA-———-————TTGLIT: -

ElE
=01
58
501

== ARATGASTGOSTC- -= &E€
== =CAATCACTICCCTT- == 2BE
TACACASICTATS-—mmmmmmmmme L

== CAACCACTETCT == mmmmmmmma N TT]
B == e e 11-]
IOEL

TR AR A AT ST TATARCCTAT G I TS OCATACAATCACTTITCTITICSTIITASARSS L1223

Z0ez2

------ AR ST A AT ST T I AT TGRS TEEC TS TISICACSASEASE SSR T3E

- AR ST CACATT T T OCAT CT G oo E o TECTITACADCCOAAGSECOCO0ASER 725
- TR TGO CAACCASSTESTTORASCTASS Ammememem—————— so7

L A AR L O I A - AAATICCCTICICTARSA IST
SRR TC OIS o e oA L SIoo eI I~ SISOSSATSOATSTSSISATS €58

=== R LT AT AR T ARSI I I T ORI TAT I IGCACARR === s === == === GOT

=== ==L A T A A T T A S A A R SR A C ST O TACACARACACACAARCCSTISCA €60
A AR A A ST oSO ST - CASCAS OO oSO AT FoATCTCTATCACRSIC 114D

ToSSToARACAAT ST -CASCASCRCEROEATo! SATCTCOZTT WSS aBD

= AR ACATOCAACACCICTAACACCCACOCTOOCARSTSCACCTCOTTIOCOAACSIAS T2

= A A AT O CAR CACCICTARRRCCCACSOOTOOCARCTCORCCTOCTSCAACDIZA TRE

= A R AT A ST oo A O T oL oA T o T o= == ST SO SO C SRS TS IATITAT

=== == e e CCTOCTIC A= === = =CARCOOCACECCEARSCCTCASTOCACACOCT
==CCTECCTOCTETOCTECASOSACACE

—mmoan ==== €21

- e R T A T A A T O A A A S O T OCTOCAT T OO ST OO CACCOoSoSTIRE 777
- D A T A T A T L o A A S A O ST o T S AT T S oo T SO oA oo =1=Z ELEZ
1 — CATCICOEAG-——————=—======—————-TGo000s05-—= 262
ASTCEATTTCCCAATS 1282

TECICCTOSoATAAS A S TS RAS SIS AASOCoEATTICSTS ==

RS T A AT AT OO SA T S L O CASSATOASTOOSEASSTOoAS ————— 244

‘‘‘‘ A A T o A L S S A S o A A SA SR ST oo R A RS oIS E - - -
- A T A T S A T S R A A S A T A S S T SR A TS R AT SN T O -~
= A T A A R S T A T S O T O oA S - AT SATASOSSARSS TSN
== A S A=== AT AR T L A AT T CACCICATCTI OO TSSO CAT S ==
=R A== AT AR T G CACAC IO AT ICICICTISET S AT S ==
= R LS L AL AL ST I CTICICSASISIGE TSR TTIIS -~
=T C SRS oI oCSACERoAACTIST

A A A O T R S S A S S O A A ST ETACAC IO O SO oo T IO -~

320 | Page



b
*
ol

n o0 g

L]
—

o W oW

Lo o pl ol e

L]
—

o wouo

*

crsgsE1_327
GLI0EQI_I715
CLEOSEl_2€22
CLEDEQI_1320€3
CLEOEDI_103454
GLEO0SE1_1502
CLEOSEl_2554
CrLsOED3_101074
CLEOEDI_137617
GLSOB0I_145E6
crLsgsEl_a
crEgsE1_3401
CLEOEDI_11E477
CILEOZE1_3E1E
CLEDSE1_3457
CILE0E03_11331%
GLIgEQ3_13774a@
CILEOED3_11213%
GLIOSEl_372

CLEO0EQ3_3327F
SLI0EQ3I_1376€13
CLEOSE1_4057
SLIOBEO3_10330
SLEOBO3 135350
SLEOSEL_&431F6
CLEOBO3_EERT
CLIOBO3_14573
CLEOBU3I_1€536
CLI0OSE1l_3575
CLEQBOQ3_1€477
CLEOSE1l_18EZ
CLEOBOI_S51€2
CLIOBO3_114E1S

CLEOSE1_727
SLIOBO3_7715
CLEOSB1_32€22
CLEOBOQ3_13063
CLECEDI_103454
CLEOSE1l_1802
CLEOSBEl1_3554
CLE0OBEO3_101074
SLECEQI_137817
CLEOEOQ3 _145EHE
SLEOSE1_1
CLEOSE1l_3J401
SLIOBO3_11€477
CLEOSE1_JE1E
CLEOSE1_3457
CLEOBO03_11331%
SLEOQOBQ3_137740

CLEO0B03_112135
CSLEOSE1_572
CLEOBEOQ3_3337F%
SLIOBQ3_137613
SLEOXE1l_43%7
SLEO0EQ3I_10330
CLEOBO3_135350
CLIOSELl_431€6
CLEUBOI_BERT
CLI0OBE03 143573
CLEOEOQI_1€831E
CLIO0OSE1l_3575
CLEOBOI_1€477
CLEIOSE1l_1%5E2
CLEOBED3I_S51€2
CLEOBO3_114E1S

crEozel_737
7713

“ag13

2083

SLI0SE
crEgEa1_
crEoEo3I_201074
cLECROI_127617
SLECEDI_li%EE
crEgEe1_2
cLECEEI_3801
CLECEODI_11€477
sLEgEEl_3E1E
cLEOEEI_32%7
SLE0EQ3_11221%
CLEOEO3 _1377:0
CLEODEDI_ 1137135
CLE0S 572
SLICEQ3_3337F
CLEOEQ3_137€13
cLECE=E1_s0s7
crsoena_apg2ag
cLEcEcI_15350
crEgsel_s216
snEcEoI_geeT
crEgEOa_18%72
SLECDEDI_1E32E
(=X 11131
GLECDEDI_1€&7
CLEOSEL_ 15832
CLEOEDI_SE1E2
CLEOEO03 _L1SELE

Appendices

ARG OO T T T T S e T A T S oA A A A TTOCACATACSTARCTACT ~m— - — e e e T2 &
GAGGCTGTC TG TGE TAGCARCAACCASTTTGAGATAGGOGRCTATT: ———— 175
———— 342
———— 343

A AR R L A L AT AT AR T T CAR T o L e e = R DDA A
A A R T A T S A D A L A A A A T A ST T OO AA ST AR TTARCAT N

ACTACTATTATC S oACADCASTIGACARGATCSICCACTTACATAARTACATACITIONSTIC 1200
IS ST AT I S oA A TASI IS - == AT - T oS T -~

R AR o T A T AR AR T CATAAT OO A CACACT OO OACCT

A AR S S D TR S T A R A A S AT S SO DA S TOCA SRR C TS S OADAT

AT ===l AR A AR S AR I AT T== =TS LACARAAT DA DA

o Fladalammam gk b- T gapeap fotet bbbl bbb b A
AT A AR SR O S A L LA D A T O T T AT SR RACCTOSADCT RO
oo ARSI AT OO T o Do O oo CAR AT TACRODD
AACTACCTZOA b ATAACTCOACACAZTOOADID
AR R LT S O R T L L T AT L L L L T T oATARA T SRR A CAST SOOI
o R R T RA S CACASA - COSTOS
A R R R TR T T I o o L T L o L T L O L S LA T OO TACT O TAACACCTICTATICACZ D=

——————— e AT SAAASATATOCCASARTTCTCSCASTTESTACT:
—— GO T A TS AT SAS T TATARC TS TCTTACSTATSTASAT:
———— T ATC T O oA T AT AT AN T TECACSCTATCTATOSASAT:
——————— e T E T e T S A AR ST CCATCSOCECTATCARTSTATCT:
- OC AT OO A TR TACATOACATATSSSASCACST
mm—mm == STETETCIAT = ———— TCOCACSARSATTACARRSSS
-CEATATSSAT-——~ CACAARCCOTADANAR
-G ER T IO CTAT S oS T CCCACCSTATCSOCACSRARS
-G E T C TS TAT S S ST IO S CCACTOSSTEATEASAS
———————CACTCTECTT====CCTCTACCOCATOSSSATCATT-

————— - CACCATSTAAASSITSOST N
——————— S S CATCCARASCCTEOS T R
——mm AT GO TETASSSASAT O - mmmmmmmmmmmmmmmmm
——————— SO E TG CACASAT ST m m mm m w

m————————————m———{OAOC 10
ACRCC BO1
—————gEE

———————CTCOCTCaAASARST 2 -—
ACTCCTATTICTICOCTOCAATCCAATOCSCCCT ==e=AO0CCTOOOCARAAAACT 1248
e GCTEETEE == == === == = T TS = = = m e BT
- T A A R S T A TS A A AT e e e en e eee=CR R ACACOCACTACOCOC 228
-———COCTTEA T -===-=-AAACTCATTADSIT E22

= OO CATTACC TR
== OZATARCACD

=T A T AR AR ST T Al S S el oA =~ e e e e ————
falmtatey alatalat ottt aad L Rap ot Rt bl
———— R TACT I IO EADSITTISE TR -
- ATA IIZZCA ITTCACCH=

B T e -1+

A A A R A R L T L D LR L T O O T AT O oA C S CATACTACCAT OOCACITITITITIZOARATCZA 1355

mmweC TCATOCTTITOSACTOSAT
=== S TSATOOOCTOSATSOSAT
mmme A TCACCTSCACTCATAY
e CTACATOCTACSOACOATATOOOACS
=mweC TTCTSOCTSTISOCTT

SATC==—

T

=== ATTTICICISISCIT AR

mmeeC SO TCOCTICTICTICATTT

————CS OIS IO CTTISISASTIT
o o T o T T e e e s e e o o

PR T T T T e 1 Ty o ————— L. T 1
RSO OE O A AT TR

- AT AR I EE s o D—————— YL YT Y1 Y )
CATCARCCAS - I ST OO AT ACATETCTCT -
STEIST —=CEAATEAST =ATACT ===~

ERIEE
CACCSSCCITATITATCARSSACCATA=
CETCTCACASATACTCAS sooE-
CAATE SCATSOCTICTOCTISCIOR =
L e

e L V- ——
- - ASOCASSSSCATE - ==

————————————— CACACT T
e T AT AT AT AT e mmmmmmmmmmmmmmmmmmmm—mmmmmmma
—mmmmmmn AT ATCT TCET TACATCAACGACA

321 | Page



ngn g

[ o TRl ]
%

o oo o

R 5

o wouw

o oo o

o wow

srEossy_727
srEmEoI_771%
crsozel_z€33
crLEo=02_120€2
cLEoEoI_lo28%3
CLEQEEL_15032
CLEOSEL_2534
CLEOEOQE_101074
CLEOBEO03_137&17
CLEOBEO03_L<3EF
cLEoss1_1
cLzosel_z3s01
SLEoEOI_12£877
srsossy_zsaig
sLEoEEL_24%7
crEoEoa_l1221%
cLEOROI_137740
cLEDEDI_11213%
SLEgERLl_272
CLE0OBEC3_31327%
CLEOEC3I_137&13
CLIOIEl_&037
CLEQOEQ3_1Q0330
CLEQEQ3_1535Q
cLEOEE1_s316
srEosoz_ses?
srEosoI_14%73
crEoE02_1es26
cLEoEEl_2337E
cLEOEO0I_1€277
SLEDEEL_15822
SLEOED3_SE1E2
CLEOEOI_114B81%

SLEQERL_727
GLEQRO3_771%
GLEQESL_2€23
GLEQRO3_120€3
CLEDOEOZ_1034%4
SLEQEEL_15302
SLEQERL_25:=4
GLEOEO03_101074
GLEORO3I_137E€17
CLEDBEOI_14%EE€
SLEQEEL_1
SLEQERL_2402
GLEOBOI_11€277
SLEDEE1_3E18
SLEDEE1_343%7
SLEQEQ3_11331%
SLEQEQ2_127740

1278
cLIOEDI_137€13
CLEOEE1_40%7
CLEOEODI_10330
CLSOEDI_15230
SLSOSEI_431€
CLIOEDI_BEET
cLIOEDI_14373
CLEOEO0I_1E536
GLSOSEI_357%
CLSOEDI_1€477
CLSOSEI_1S82
CLIDEDI_®31€2
GLIOEO3_114H15

CLEQSE1_727
CLEDEOI_771S
SLEOSE1_2622
SGLEQEQ3I_1Z0&3
CLEOEO3_103454
SLEOSE1_1532
SLEQSE1_2554
SLEQEg3_101274
GLE0R03_137617
CLEQROI_14586
SLEOSE1_2
SLEQERL_2402
SLEQEQ3_11€477
GLS0SE1_3831E
ELE0SEL_3457
SLEQEQ3_11331%
SLEQEQ3_1377480
SLEQEg3_112135
SLEQEEL_=72
&L50a03_33275
SLEQRO3_137€13
CLEOSE1_4057
SLEQEQ3_10223
SLEQEg3_1=E:222
SGLEQEE1_<&31€
ELEQa03_aeal
CLEQRO03_ 14573
SLEQEQ03_1€52¢€
SLEQERL_2E7E
GLEORO3_1€477
SLEQERL_1522
GLEQRO3_SEl€2
CLEDE03_11481%

Appendices

TARSARSCATT SLETARTAAST gt
AR A RCACTICIGASCASARCARST a

AR oA C=== T A AT I I R A AR S OO A O O e e e e e e s e e e e =S TTE
=====STATC

= L L A~ T D A D D e e

ITT ISoET z z

T B T N P P P

RO ARSSANCASTOSST H
(== SoZIZRI ST ASTZAZISZCIZOAT
=====oCnnoT b bbbt = R B mm e ——— X211
S O T T O S T O S A A A RS T AT TATI SO CTATATATAA A AACAT-OSSASTITET 12503
IR ARSI A OIS~ ARSI SIS ANE-
AR O COC o CoO oA ET oo EAT S~

=S ACAZATAT ===

ARTAAATSISICST
==A3 TEICT
==AATCCATOCATT
TACCSAASSOSIS-~-=

—1

TIT

== I LI ST ATADOOSSIADS IS ———
_—— A AT T ST T S T T A ST e T e e m e m— e — - ——————— E7x
B T e e e el LT

--AZCTCSACTOSARSTTSOTOAS -
- - CRASTASS
-——-CAAZSCASS
CTAACACCOATCCTACCTCTAC A= mmmmmmmm s
TASACASCCTSCTCSCOACSSCE

STCEOCTE-—CAAS-AOSTEOGEAR -~ — = — s mmmmmmm ACCACAASARCSTOC 552
ETTTCCARSACATETADEASTES TR~ ~ == mmmmmmmm e e e =~ OEARCACCARSTITE 546
CTETCCCE~ACEEACOOEEECTOC D~ mmmmmmmmmm e m mm = = = TETCCECACOCATES B3
=

ATTCOCEESTETARSACATETACTA-~ === == mmmmmmm e e == AOCACCARACTCOASA 1000
- CAACCCSSTECTTCADS TEOECTE—— - TESAS-—mmm————— EIT
DSOS O AL S S CAS S SO T~ m — - mmmmmmmmmmm—m ==~ CASTSTSOCASSACT 370
CACCCTCCEAASCTASCOD OO OO mmmmmm—— e m e m e == CACTCTOCARSSACT €333
=== CCCCETCEACE e  REELEE LT T+
CTCCATEC S TCECARTCTCSCTACSECATETATCSACATATCT CITCTCASARSTECCTT 1560
T e e

- ACARCTEOCASROSTEoTOCTE S ~mmmm e m e

== AN RN CACACACTC

===OCATACACAACT

o T A T AU T T o

B 3 S T e

SOCT IS AS A A ST === GO G T IR G ARSI GO OO IO CARCT -=OCARCSATOAR
CoCTICCAA SOOI ====C0CCCATST ARCTCTATCAR ACATATARAC
EElE LT EICEECTE

AR CEACAATCOACAAST ————TC T T TS CAT O oA TACT IO TTCARCASTCATOARASAST
—————m— = === ARCTEOSOCA
T T TCCOaCTACAAC - == A SO T T C T AR CC SRS OO ADSEA o, cesTe
CTCTOCCCEaCTACAAC-———Co0o e O oA OO oA CACASCTCASCICOCATECASTE
ARCCE
COCTETAS TOOACSATCTCoTACA TCOACARSCTOCACASATCATCARTCCATATOCTSE
CALAS--STACA— —— AT TTOOSST-———CACTEATOAT ——————ARRARSTSS
A SSRGS A T TOS T oo O ORGSO S o SEAT ARG S S —————— S TECARSE
————————————— = AAXT
ARCATCTCACATCCARARLS
ACTTTCTGACATTCACAAT
CTASTAASTOOATTACTTST-ACASCSTSTOD
ACAATTTG-ASTCARGSTSTITOOASTASSOAT
ACAATCTC-ACTCANCCTCTTTOANTACASAL
CTCATCTC-ACAAAACCASTCICTTATCCTCAT
CTATECTCTERACTTE TCTECATACAAD
ACCAACCAAACTATACCCTTICTACAS
ASSAASSARACTASACOSTCICOATSSO00AT
ARRACSSSSATST-—~CTTCTSTICTSATOAS €65
ASAATCOSARCST-——CTTTTCTICTASOCAS €65
ACCACACCATOOT--~CoONCTOOASCOATOSS 717

322 |Page



o oo g

o w oo

*

cLEOEEL_727
g2_771%
B1_2€22
Bo3_12062
BDI_1034%4
B1_15232

S3_101074
SLEDBEOI_137E17
CLSOBO03 14586
GLS0OSE1_1
CLES0SRY_3401
GLEDBOD2_11€477

cLEDEDI_11321%
CLEDEC2_137740
$2_11212%
B1_=732
BO3_33275
3 _137£13

CLEDBEDI_15350
CLEDSE1_4316
GLEC0EDI_a6a7
CLEDE02_14572
CLEDE02_16526
cLEOsEl_2578
BII 16477
=El_1583
Boa_sE1€2

pppn

CLEO0SR1_737
GLSCECI_7715
CLS0SB1_2632
CL50R03_12063
GL50R02_103454
CLS0SEL_1502
CLE0SRL_2554
CL50R02_101074
BD2_137€17
Bo3_l4z2¢
B1_1
Bl_2401
03_116477
B1_3818
B1_3457
_113318

papRpRnan

GLS0RO3I_33275
CLSO0ROD3_137613
SLEDERL_4057

_10220

ppRanpRpang

SOBDI_1l4ElN

SLETEEL_727
SLEZEC2_771=
CLED

CLECED3_1034%54
CLEISE1_1%§332
SLE0SE1_2554
cLIgega_a101074
cLIgega_127€17

GLECSE1_3401
CLECEO02_116477
SLs0se1_3818
SLIoEe1_32457
CLE0803_113315%
cLEgEnI_11374a
CLITEQI_11313%
CLECSE1_%72
SLETEQI_3327%
GLECE0Z_137€13
GLE0581_a057
CLEQBO3_10320
cLIgega_1z2:z0
SLEIgERl_421¢€
crEzEa3_ges?
SLECEDI_14373
GLE0EOI_16536
SLS0581_3575
SLIgaga_1€477
cLIgEE1_1582
crEoEni_sziez
CLITEQI_11481%

Appendices

CTISTICTIAT SEIGEETSITAT 542
CTATICTIAT SEEFECICCIAT B2E

e =i 11

ALTOOCOCT

TSTTCSECT
SSTSTAS-T
TESTSCCACS
TETOCARTS

TACCTICCSEACACACTICTITISITICOCTIALT AR
- S TANTACTG-——mmmme
AnEACTE-

AR TARS T AR T SO e m e e e - -GS T AT T === == m—-—- STE
CATCCCACTCATE I ICOO S EAA === e e e e e e e = = = e = DO TEATC I === === §ET
TEoAASTCTSACARTASSSS - ——
TECAAATCTSACARCASTSS -
AR CATGASTCACTACATOCS ST ===
AT A T CAC T TOC

TEoSTTGASSSSTATSIT -
TECSTTSATSSCTACSTICT A
TEOAASOOESEATATEASAT A~
T
ACTC======QACCAAS == =ssssssssssmn===
TETSCCACCTISCACSICAS
TEOSASROCT CSSACSSAA~
ACARSCCSSOASOTEOSTTIOAST-
COCCCToACACSOTSOATOOOST=

- - Ll g =i Lt~ R e ACACCDLO ===
AR A A AR T AR T OO TARR S EATTAAT ST IS TASASAST TATEE=———————

COTETOACTOACT S~ COASAD G = = = = e o TCCTOSAASS -
B Tt g g oY -V
TACET acCec

SRATTACATSIAATSOSSTIST
CEoCAATSTATCISTISACEAAS

CATAACTETCTCTCCEATEACE -=-ZTTACCATCE-
A ST TAT T T o o EA DS A S e s s s s o s e e e CCOACASTOC - == ===== J2E

TR AT S TCC A AT Ao ==
AS--=TISCTCATSOCACSA RS-
Eom = TS T T OO AT S A A -
CooAACTCTCICT ST SACCSAT =
CoSAASTSCATCTSTOATEACS
ATAATAT

=== A ATCATATCOOSCATAST

CTARTSCTACARCTAGASC
STASTACCITAASISEASS

R A R S S T R A A T A S S S oA S A A T S A S T TGS AR A DS -
CACCCoLooOTICTOART ACSTCSTTS==ACRACLDLASITT

CASARSCTACSSTTIOISTIES
SISCAASCCSODATTOSTES

oA OO CATACASSATS TS T O === === = = = GACARSTCI T T === = === === === === 2487
CooOCTCTCTCRATA RACA S —

—COASATACASS-—————————=—
~CARSOCOCTCS-========smm——=aas 73K
~CAACCTOTTOS-— - 72%
mmmmmme et A ATTAT O e e e . m— ... TET

- 726

CoACCICTCOCAST A= ==

323 |Page



0o oo o

o w oo

CLEDER1_727
CLE0BD3_771%
CLEDER1_32&23
CLEDRQ3_1320&3
ELS0RQ3_103454
CLECSE1_1503
GLECS21_25%54
cLEC203_101074
GLECE0I_1376€17
CLECEDI_142E2€
CELE0ER1_1
ELE0SE1_3<401
ELE0EIZ_11€477
SLS0SE1_3818
GLE0SE1_34%57
GLECE03_112215%
CLECE03_137740
CLECEDI_11213%
cLEgERl_=72
ELE0803_2327%
ELE08I3_137813
GLI0S581_<€3057
cLs0803_10330
GCLECE03_1525Q
CLECERI_J31€
CLECEDI_BEET
CLED0BO3_14%73
CLEDBO3_1E8531E
CLS0OSA1_ 1575
CLE0B03_16477
GCLECSEB1_1582
GLECE03_sS1€2
GLECE03_11481%

CLIODEE1_727
CLEODEDI_T71S
CLEOER1_ZFE232
GLE0OEO3I_LIOEZ
CLEOEO3_LO3SS54
CLEOEE1_1502
CLEODEEL_Z2534
CLEOEOZ_101074
GLE0EQ3I_L3I7ELT
CLEQOED3 S5EE

GLSOSEL_3&01
GLSOEOI_11€&77
GLS0SE1l_38l1&
CLECOSEL_3357

GLEOSEl_572
CLSORD3_3327%
SLEOEQ3_137&12
SLEDSEL_&0%7
GLSO@A3_10338
GLEOEO3I_1S2ZE0
CLEOEE1_J31¢
SLEoE0a_gea?
SLECEDZI_14372
SLEDE02_1e52¢€
GLEOSRY_357%
CLEOE03_1E477
SLEOEE1_1522
SLECE0Z_SE16€2
SLEDEC2_11481%

crLEDEEL_727
CLEDEO2_771%
GCLEDEEL_2€22
crEoEoa_tioe:
CLEDEOI_1034%2
CLEDEEL_1502
CLEDEEL_25%4
CLEOE02_101074
cLEDEOI_137817
GLEDEDI_13%28
cLEDEE1_1
CLEDZEL_2301
CLEDBO2_11€477
crEoEel_2m1e
CLEDEEL_23%7
CLEDE02_11331%
CLEOEO3_137740
CLEOEO3_11313%
CLEDEEL_X72
cLEDED3_2327%
CLEDEO2_137€12
CLEOXEE1_&O037
CLEOEO3_10330
SLEIOEQ2_1X220
SLEOERL 1€
CLEOED3_BEBRT
CLEOEO3_ 14373
CLEOBRO3_LESIE
CLEQEEL_IX7X
CLEODBEQI_L1E&77
CLEOXZE] 1582
CLEOE03_S31EZ
CLEOEOZ_L14ELS

Appendices

=== =sTTETCARTSSCTOCRS 1022
m——— e~ TCETTAACARCTCOASS 101E
e mmm s s ————————————————————————————— O A T AR DS m mmm——- TEE
TSR TR O S

~GAGATTACGGOSTCTT
A I IR AT F o CICCTCATIGAS A~ L1555

TAICTACATCAICEI AR O EITATAT

ST O A A S NS T AT oA FT-H AN ST T ALACASTS
AT A A S O TE AR A e AT AR NSCA SR ACSTCTEOACASASTS -~ 1148
AATCC-=ACARTTOCAMASTCTECT! SCATAACATAD====CCTCCCASCASTE == 1120

CROCT

O ATAACA S === EEE
L A A A L AR ST O T o T oA L L LA A L T A A L A AT SO T S oo o CARS DTS- -- 120

e e L T TCOCATAACAS EEs

— -- GO TGEACGASCTG 1118

- - == s e == REATCOACCASCTS €502

- e s e e e e e CCCTCOCCEACCTE -~ 52

TATATTESTCAA TERCAACTCCCASTCOCACTETCADEACCOCART TEOOCD c 1222
—————— A SATACCAATARS ~ - - COCAROCTOCO0EES-

ST AT ST G AR TAG DA G AT ICTIACICIASITICTICCAACACSGSATSOACACST 1852
—————— = DO T GEET G == === == TETASET TS~ 1001
—————— AR O T GOCA SRS T OO T OCT! B T B -1

——————— TETATIIC——-TARACASTACOSCIT 10s8
——————— TETATACT-——-TEAARLCSTASSSOCT 1025

e STaATG- EET

e TATG-

CRARRATC-===CCARSRCCCTOACE- 1188
CEARS - OCAASSCCOCTCADE- 1170
CRATARCA-===ACAATTATCTTACC- 1122
~=Q2CEICTC-~~=CTAACTATCTCARCE 271
CRADSCTIAT m==TCARCe=ACDa== X232
CASTCTAT STTICTASCAACCLTE 1228
STSTSTAZACAATS 507
= ACACCTEEZACE 114l
=== ACCACATCTORARCE

Bse
77E
mmmmmm . TCACACTC - mmm - e TOET e mmm—- 773
R - TR & 1
TEACATACCTACASTCTCSTCTOCACA 2527
TTATSTET----CARARGATESTEAST 772
~CTARASSTEARERET 772
=ACATCCANCCOCAAT THL
~ATTCTGAGSGOCAST 781
TACCOCET == == ACTTTCACCCTCAST B2 S

324 |Page



2]
L]
—

CLEOEE1_727
CLEOED3_771%
SLEJEE1_2£22
SLEQER3_12062

CLIOSE1_1%32
CLEOSE1_2854
CLEOE03_101074
CLEOE03_137817
CLIQE03_1458F
SLEOsE1_1
SLEO5E1_3401
GLE0803_116477
GLIASE1_381@
GLIASE1_3457
SLE0802_11221%
cLiog 137741

GLIgeg3_11213:%
GLEOSR1_572
cLIgEgI_3327%
CLEDE03_137£12
CLEQSE1_40%7
ZrToEga_1o3as

CLIOSE1_&31E
CLIJBO3_BEHET
CLIOBO03_14373
CGLIJBO03I_1ES3F
SLIO5E1_13575
GLEQE03_16€477
GLIQSE1_15@z2
SLZ0803_531€2
SLE0803_114@1%

SLIgEE1_727
SLIgaga_771s
SLEQER]_2€22
CLE0803_120€3
GLIOB02_10343%4
GLIOEE1_1%32
SLIgER1_2%E4d
CLE0802_101074
CLEDEDI_137617
SLIDEDI_143EE
ZLIgsEl_1
ZLIgsEl_3aml
CLIZOED3_116€477
crEosEl_3s1:
crEos21 3457
SLIQ@03_11331%
GLIg@aa_13774a
SLIQ@03_2121213%
GLEOSe1_572
GLI0e03_32327%
GLE0@03_137¢€12
GLE0SR1_4d0%57
eLIgEga_102320
CLE0B03_1322%0
CLEIOEB1_431€
SLEOBRD3I_BERT
GLI0B02_14372
CLIQEQI_1653€
CLEOSE1 3137
CLEnEDI_1£477
CLEOSE1 1582
ZLIoEgI_S31€2
cLEgE03_11481%

eLIoEEl_727
cLIiEn2_771s
crLECEEl_2£32
CLECEDI_12063
CLEDBOR_103454
CLEDSEL_1503
CLEOSEL_2554
plo7e
G&'EBB 127617
CLEQRD2_l4ZEE
CLEOEEL_1
CLEQERL1_3401
CLECBOI_116477
CLECSEL_2818
CLECSEL_2457
CLEDBD2_113215%
GLEORD2_127740
GLEOBO2_11213%
GLIOEZR1_272
CLEIDBO2_22275
CLEDBD2_137€12
CLEOSEL_&057
SLECEDI_1023%
CLEDBDZ_15350
GLEDERL_&421€
CLEDRD2_BERTY
CLEOBO2_14%72
CLEOBO2_1E526
crecEEl_amTE
CLSOEDI_1£477
CLEDSE1_1582
CLEDEDI_S5162
GLEDBO2_114815

L
o
L)
L=

"w

Ll

Appendices

T AT T T A A T A A S S S A A T S A S S S AT AT m m e m e = = AATTETCASASST 1098

T A ST S A ST AR A ST T SO TESTEAATOOAS
=T SACCST=CTITICTICCATCTITICASSOASITIC

= A S S oA S TS ATOCATAACTOOCSASATTS
- A AR AR T ST S CATASAT R ACT ST ARAAASZATT
-o0 A LS~ -CACTC AR TSI TIAACTI S - =

===GCASTOCAATSSA 1278
===ATSCAASACCTST 535
11a%
€574
€57
2008
1a72
1212
83
JES
472
X1
Biq
I AR AT S CTACCCTACT A = e e m m e = == = AT COCTCACOSATT BLL
- A AL AT S I TACC O CACA S = = = e e e e m mm = = = = = DOTCCATCASTZARA BL4
A AR S A T A A ST S ARACACAATACCAAACATAATACATATICTITICTATCTSCTACA 2587
S T A S T AR S S T T S oA T I A T C IO S TEAA S = == = = == = TTTSOTEOSSTESTS B23
T AR T AR IS TS oA T S ICTASCICISO TSRS -TTTSCISCSSCS55IC B2
T AR S A S AT S oo T T T o oA S CACSoACACS- =-TITSCSCTICASCATS 222
ST AR e A LA O T oo T I CACASCATOCACACS- =TTTCCS0CAACCACE 832
ACCSATELSTECATCT ACCCACALC - ====TCTCOSSTCACCALS 20

ASCACTIOZTCRCAT-~
TITIZACTCN ASCICTIATICECTICICST

L=riery

= ASSACTZCCTTITICISCAATASTEA
= ARAASICTCTCCTTISCAATAATES
T T A A A A A T A A A A A A S A A S S T O T TR ST AL AT I T AR T — — s, ATEA 1084
A T A e S e S O O T S T A S S R A A TEOCAS O A SR A OO -
- ACCASOCAS A AR O T AACAAST =
= T A A A R S S S S T A R SR A S SO T TEC A A SR ST S -
=== A A R L AR T S T AR AR T AR S C T AT C TS o AR SEARTET-
-COCSCASRSITIIRE
ARRAARTARCCATCTIZTET-
- A A L S AT A === A TAC ST CTACARA A LIS I CA= = == == == === == Q2 1315
- T A T S A O ST A T T A A A S TO S oA T CTIC T CAAS S~ === = == === ==TAC 583
ACCASASCATAASTTSCATASSSISN TGEAS=
A AAACTATACCCT S CATASSAT S CAACSASAATSOISTOSAS

----------------------------------- BATRARAAZT T~
a.a-rsssasms:ran:a..a.n.aa..a.amsm::mmc
——————— SEOET TASET -
TOGAGAALTIS === ASACSISCTOCT ACAASEOE==========
ASAT ACTEACAAS ====ssss=======
STEREAAA
ATATS
SRTLZIANN - SAACTLIZT ARSI oA A mmmmm e = Z2TZN BER

B ====TEASTCTICATETTC sommonosnnnnnonTCE £33

TASE- ~TGAZACATCTCCTE
CACCCTACAACAAZAT TAACCTTITICOCTOCACCAACDCSTCCATTAACSCSTCACATAT 2 €47
CETCE I ST TCARSSACCASTSTSTTT

CETCATEOCTTISTACACCASTSTSTET

CETCETECASCACTEACTOSTSOSTET

SETCCICCARSACTERSTOCTSOSTET

el AARTA Pt -

~CASAST-—————=mmmmmmmam CTCCAACTCACCOACCTACASETCS

e T ATCTCECTETECCACTCCTASETCS

m—ee A TETTTEOALCTOC T =
m— = ATACTTECOACCTCTT = m

blsvtatatalab Ratalabalad-Laley fub- Rl - 1738

—ACTGOLTCCTCTOORACG -~ - 1202
~ACTGOCTCCTCTGOARTC - - 1z88
———————————————————————— ATTEOAREEAATESCASA-—————————— 1278

Cof====mmma=== E5]

e L

= ===meeeeCASTOCOCACOCACTE-============ €34
TORSRET——= = CCATEO DS SEACA S -——

TOASSES--- -

ASSOCSA==mmmmmmmmmmmmmmm e

ASSTCSA=====mmmmmmmmmmmm e

TE-———mmm -

T ACETCTTCC TS TTACCT TARTCEARACAACTACCSTCTTESTCTITCTARTECR 2121
TEOSOEE--= -~ ACTCCACCEETEE OG- - 113%
TECEADS === == CETECAASTCOOEATTCE T === mmmmm 1277

TASSARASACAS-- - 887
TACCASGAANDGS=
TIGGAACCECTG-
TICOCACCSCT S m = == = m = = = mmm = mm = AT GOAC G OCC GG = == m e e mm e == §OE

TOSATARSAAS === mm = m e e e TCIGCATGOCATEC-—mmmmmmmmmm== 55§

325 | Page



b*|
k3

bi

0o oo o

L]
=

o w oo

L]

n on o

L]
—n

o Vv ow

o
]
—

o oo

o Wwow
]

*

CLEDSE1_737
=LEDEDI_T771S
CLEDSE1_Z63Z
crLEnEOI_13062
CLEDRBD2_102454
crLEsEEl_1832
cLEDER1_28Ed
CLEDEDI_101074
CLECEOI_13TELY
ﬂ.!:!:!_li.!!s
CLEDSE1_1
GLEDSEL_2401
GLEDED2_116477
cLEDEE1_2E1E
crEn=El_
CLEDEDI_11331%
CLEDROI_137740
CLECEDI_11213%
CLEDSE1_S7Z
CLECRDA_33ITF
cLEDEOZ_ 1276132
GCLEDER1_4057
CLEDED2_102323
crLEDEOI_1
CLEDSE1_4316
CLEDREOI_BERY
CZL!EIEZ_ld.!T}
CLEDEDI_1E538
CLEDSR1_257S5
CLEDEDI_ 16477
crLEDER1_1582
cLEDEDI_BElER
cLEDEDZ 114218

CLEOSEL_727
CLEO0ED3_T7715
CLEDSEL_JZeIZ
GL!DIE!__I]EEI
SLEDE02_ 102454
crEosgr_1soz
srEosEl_2554
SLEDEO02_101074
CLEORDI_137E17
C’:.!EI!E!_IS!!E
CLEOTEI_I
CLEOIEL_2:301
CZ.!HIH!_IIEETT
=nI0SEL_2ElE
cLEosEl_38%7
SLEQE0Z_112215
CLEDEDZ_127740
SLEmEOI_11313%
cLEDEE1_5732
srEsEoa_2227%
SLEDEOI_127612
crLEose:l_si0%7
SLEORD3_10230
CLEOEO3_15750
CLEOSEL_&316
CLEOEQ3_EEERY
GLEOED3I_1&8573
=LIE0EQ3_LleFde
srEosEl_257%
SLEDE0I_1E477
crEosel_1ses
srEoEoI_s=iez
CLEORDI_114B1%

CLEOSEL_7327
CLEOEQZ_T771%
cLEOEEl 2622
cLEDE02_ 13062
SLEDEDI_103454
SLEOSEl_1502
CLEDSEl_3554
SLEDE02_101074
CLEDEOI_137617
sLEmEDI_lasEE
CLEOIEL_L
CLEOIEL_3301
CLEOEQ2_LLESTY
CLEODSEL_3E1E
CLEDSEL_3857
=nI0EQ3_L1231l5
SLEDE02_127740
CLEDEDI_11313%
srEoEsl_s=72
SLEDE03_2227%
SLEmEOI_137613
C:.!ﬂ!!l_iﬂ!'!
CLEORD3_10330
CLEOEQ2_13230
GZ.!H!I]_:!IS
CLIO0E03_BRERY
CLEOEDI_ 14573
crEpeoa_1es36
CLEDSEl_257%
SLEDEOI_18477
SLEosEl_lsEz
SLEDEDI_SElez
SLEDEOI_114B1%

Appendices

TICAS
o BT R T T
ARTAA
=25

O

T AT ST A A A ST A S A SO SN SSR SOA A TS T AR

ETACARAASTCC - m— === ———
R B T T o o o

GATCACASEIASISIASATSIooT I ANNGASCATCOACATCOCASTSOATS
ACCACTATECTOCTCASOSAASA TN T T e e v

A A D A e A T A A S e A O o A T A T A A A S A A A AR A O e = -
SRR CASTET EATACCTECARS SR ACTACAASAS A D—
LA LTI ST AR CAC ST ST S ACCATOCATITT. ASASTASOCZAAD
TSI IS IS --2OTEED

S == ==TETESTATOST
SSATTICTITIC -1

oo CTSOCARCSOCATOST T
AT oA s o o S s 3 s 3 e 2

g o, g g = s R s 8- - s - L) -1
T TCTCOARLCANS:
CTGOO00GoG--CACETCASCACASACSTOS-ATE--———GATICIGOARG-—————===
ST A T A S A A S A S A S T T GO S e e e T e TACCACSETOART —— ===
COCTCCARCEOCTEOAASEAASER~~~TAD! TAS--0C00GETo0E-——m———man
COCASLGSSSA~TANCA TCCAACCOR

=== CTCe=======ACTGOET=======T¢

i

A A AT AT A AR A T AT A R A T T RA T T eI - AL R RAS T ST SO eRACT == =
CASTGCATTISTSIT AASTCISTOCICATSSTTOCTISTARARR
CASTCCATTCTISCT ACRSETIT T ACTIGTACARATACZCC-
COCTEOCTOOTEEAL ASZTCT STCTAATTITCTA-———— =
ST eI T I eI T e s e A S A ST ITC OO I CAT S SASASTSCACSSTCTTON -=T
AR T A T O T A A S A S S T T S O O O S T A S CACATE T A SO OO SR A S e e T
---------------------- TEACATTTGCATATETG--=~

SACSSOAASTISISTTII
CACCOARASTSOSTIT-
e T
-SEACSCTCTATSS00C0S-———

TETECCARSTCC A=~ == mmn
TCTCCCARCTCC A —mm e
TECAASEOATEOMA -~
T TR TS = ===
TS A AT T Sl -

== ~TACCTCOTEOAACACS-====
~=~TACCTCCTCTAAS
-~ CTCCARCTEOARRRS R~ —m——
——— RSO CCTACASAS O —————
———— T

TEOCACACSTEOC G e m e e e e e e = = CC DO G ETGAT G LTSS
———-ACACCOCCTOSACE-
EIEIA

ACACTICCZATCEICEZETIAL

AACACTOORARD-=-=-~
CTCTCTCCA Lo

GETATATGSSSITE-
SETATCSTATSITIS
ARCCAATOST. i = SICIGATEOASAST A~~~

ATSTOCTSEACS TS ======= ==ToTATCODLOo AT A====

326 |Page

1181
1153

11:¢
17382

811 ]
1282
127%
[ 313

[ =13

1334
igge
12€€
EEEL
[1.1-]

2127
1113
1378




bl
=
i

0o oo o

o w oo

L]

2]
*
=

0o oo o

o w oo
*

cLzozal_727
srEoamI_771s
CL!U!!I_!E!!
SLEOEOD3_120E3
CL!U!H]_lﬂ!G!i
SLEQEEL1_150z2
CLS0SE1_Z2554
CLE0RO03_101074
crEo2oI_137617
cLEo2oI_lasec
cLEoEal_1
crTosEl_3io:
SLEQEQ3 _11E477
ZLEQERLl 18
CLEQERL =7
SLIOEQ3I_11331F
crEoEoI_1377:80
crEoeoI_11zias
cLEOEE1_572
crEoaoI_z337s
sLEmEgI_137E13
cLEgTEl_sO0%7
SLEOEO3_10320
CLEOEO3_1X2X0
CLEQSEL_&31e
SLI0E03I_EEE2T7
cLzoeoz_14572
cLEoEnI_16536
cLEosEl_237%
srEoamI_1e477
crrozel_1sez
srEoamI_sEiez
CL!U!U!_IIS!I!

GLSOSEL_7Z7
SLS0EO03_771S
SLEQER1_Z632
SLE0E03_12063
SLEIOE03_ 103228
SLEQERL_1E502
SLEQERL_ZEE
crsoEgI_101074
cLsOEDI_137E17
GLSOEOI_145EE
GLSOSE1_L
SLEQEE1_Z2s01
SLE0RO03_11E4577
CLEQER1_3BlE
SLEQERL_24E7
CLEOEO3 113318
crEoaga_1137740
crEgEgI_11213%
cLEOgEE1_ %72
GLEOEOI_3327S
GLSOEO3_137613
SLEQER1_sE=57
SLEQE03_1p32p
SLEQBOZ_1EZED
GLEQEEL_J31&
SLEQEQ2_BEERT
cLEEEEI_12%73
CLEOEDI_1ES3E
GLEOSEI_I57S
GLIOEOI_1E477
GLIOSE1_1SEZ
ELE0@03_S5S51el2
SLEQBOZE_1lsELlE

crEzEEl_727
cLEgEgI_771E
CLE0ER1_2€22
CLIEIEQ3_120€3
“LI0BQ3_103454
SLsIsE1_15032
CLEISE1_25%54
©€LE0802_101074
137817
gEga_143E€

TE1_1
CLEJEE1_Z2401
SLE0EQ3I_11€477
cLsgsEl_3g1s
GLEQSE1_3457
cLEE03_113315
sTEgEsI_127740
gE33_11213%
=81_x732
BO3_31327%
CLEJBQ3_137€13
GLEISE1_4057
sLs3893_18338
SLE0203_152%0
sLElEE1_s316
P

!U!_li!!i
CLEQSH1_357%
G:!ﬂ!ﬂ]_lii??
SLS0SE1_1582
SLE0803_S5182
CLECE03_11481%

Appendices

CT T oI oA T oA S SO S SO CA IO oA O oA S AN CA S CA TESoTTOATCOACCSTOOCASAT
CTEEEm = CAGSEAS e

=== ETTGO-—————GATCARS
== CCTCOEO==AAGCTCATE
ACCAAARCCETACATESO00C

ARCTCCARC D === TCCACS
o T T AR TG GRS e e e e e e A T A G T G DC G = = ATTGETACT
AL TAATARA S = = e e e e OO T AL = = = TGOALS
= ACTTADG -
TCOACTTCOAGSTANTACCTS
= OCACTCARSCECTTECTCAL

ATTAATGSSAASTSCACC A -~
B e

CCOCTTCTICTET========== == === = CTACACTCCCADDOCRS
Lt e e e o ftar ettt Et ey
AR S mmmmm = m e CACACCTCOSAS-————

TS oA S e TAC T e A S S C AR S AR S TE TOS SO S T T T O CAC DO S TTCTTOCTCALT
T AN CACTCTATCCAC = e e e e e e e e e e e m === A ERCCS=TTCTSTCTOCCT
TEOSASSOSTETOA= === mmm = m == m = mm e m e m e ASCASCOAACEATCTOALS
- —COEANCANRETOACR

- -—TACCTTTGCOG-—

- - TOoATETSoE-—

==TOCATOCCA========== - CACOOOCAACTCOCACA
R A D B B T = = m m e e EGATGAOGOE TR T

e A A T s s s s sssssss s s s e == QRAT LTS IATETAT S
- AR EASSTTETET -
ECATSAAACATCTETS
TARDSSCTATICSTAT-
CARCGEETATICTICT=
CEA AR CARSTZTAT
CoACAATAACTOCAT-

== DA T TS TCTCTATSATOSACATARD

= TG T TEE TR = m

1824

1428
ige1
13sz2
8735

2358
1233
13€s

N

S——

e mm e ———————{

Y

T e

e —

327 |Page

1125

287%



{'-'"_335!1_'}27
CLE0EBO02_771%
srEoEs1_z622
£LEg202_12062
srEgaga_1o3dss
CLE0ER1_1%02
CLEISEE1_2SE54
CLS08Q3_101874
ELE0833_137&17
SLE0E03_14386
cLE0EA1_1
srEg=a:
crEgaga_
SLE0EA1
CL!J!!l_-i!?
@L508Q3_11331%F
SLs0@a3_137740
CLE0E03_113213%
srEoEs1_s72

CLE0EQ3I_18330
SLS0ED3I_13350
GLIOSE1_431¢
&LEg3g03_gea?
SLEQE03_143732
&LE0E02_1€52¢€
CLEQERL_2E7E
CLEJBO3I_1€477
SLE0SE1_1SH2
CLS0B03_S51€2
GLS08A3_113E15

cLsgsEl_727
CLEgEDI_771s%
CLSOSE1_26€232
cLIgEQ3_12063
GLEQBO3_103454
GLS05SA1_15032
SLEI5R1_2534
&L50aa3_101074
SLEJEga_127€17
SLEgEg2_14z26
SLEoTel_l
SLEIgER1_2401
CLEQEDI_11£477
CLEOSE1_ 3818
GLEOSEI_34%7
GLEOEO3_11331%
GLEOAEI_137740
GLEQEO3_112135
SLEdER1_E72
&Li0an3_313zars
SLEgEga_127e12
0Eal1_Jda=E7
10330
_1xzxn
gxE1_s31E
CLEORDI_RERT
cLEgEQI_14%732
SLEOEQI_1ESIE
crsosg1_asTs
SLE0E03_1€477
GLI0Sa1_1582
SLEd@gza_ss1€2
SLE0ag3_11481s

crLEg=e1_727
= geg3_771%
CLE0SE1_ZE€323
ELI0BO3_12083
ZSLE08I3_1034354
SLE05E1_1s33

SLI0SE1_2554

£LE0803_101074
srEgEg0a_1a7817
gEg3_14%8¢
21_1

gEE1_2401

CLIOSE1_34%7
GLSOEOI_11331%
GLSOQEQI_137740
&LE0@a3a_11313s
CLE0SE1_572
“LEg@ga_322z37s5
<LE0E03_137€13
CLEgER1_40%7
<LI0802_103220
_1x3:0
®E1_431E
SLEIEQ3_BER7
GLSQEEI_14573
GLS0EQ3_165316
GLSOSE1_3575
SLE0883_16477
SLEQSE1_1583
CLI0ana_s551€2
ELEIgEga_114815

Appendices

O A ST oo T T oI ST oo e T o T A AR T OIS I o oo T T T O oA A =
T L AR A LT e T T A e T e CA L CASICCICI oS I TIICTACAS -~ === ——== 1257
—ACACGAACATS---GCTGSTISET
—EORACAACATE-—-CCCRoITECT
TR AATARCCASEAS SR TTOCTSTACSTIIST
O T T R S R S A O A T T TS AT T S ACATETECAST OTOOS

CASCCTAACAAG SO CCTCASCTACSAASSASAS ACA
TTAGOGOACSCSG=-TACTCAAATATSSSAATSAT A

T AT T A o S T e A AR AR CTACTICCICIATATO ST O D-——

TATEOAAGASOR-====ARTCASATAD T TE=-=CAs-

ARCCITACC T oA S oA C T OO T O T O TSOOOCAS oSO o Too OO o=

LI CACTCTERACEERATEITCOCTSET ACIGICC A= - - - w === EEL1E
= AR SRS S S === 05 TCT TISACCAD: 203
CRACCTI oI CRACAACT S LATAATIATT ATTA ACTICATCCCACCRAZA 2425
===CCARR TS SECT ST -CTSoTADST === TS === ====== 13as

——— D RRCRAA ARSI TA-TSCTTASATSCCT ST ATEI-

mmaTATA s eeseeseesee Ol TOA O e e s e e e s e eses B0
B s i T TR V- N, o, e - - —————————————— 5T ]

A S S A L S T I e A T T S T A T S A A T I TSI oo oo T IS -~ s 222E
e e TOCCAACACTTCCATCACTASCTAC -~ ACCOCTATACD ~mmmemneenea= 10432
e AR R S T AT CACTCACTAT = = === = A OO TATAZ D -

TCCCAACT O oI S AT CATIZ O AT -
=S AR T T O o TS TS TCACTSACAT -

R R R R T e m m = = = e e
=~ CECCATCEEOEEACCASTCTEA=
-~ EOCTATCEOOGECASRACATES
=COCTTTCCOCAGCAGA TADG S =
- A GG CAC T ICCATACAATC -
T AT AT CTATGASCT TS OCACTC TS ARG
Fa Wy - B T BB s - T s (SIS ——— T |
L AAR T CARARAT CLARA DO R TALT
(=it mt e ket btk R R afeemtal- R Rttt
=LA ST AT AATTACCTAAA S~ ~ = mmmm e
e s s e s TOTAACASACTIZS ==
TICCTATCATCTICTCOAAS S TOCT OO -
CCTCTCTEACGCARCCAR GG TOCT=AR T -
A ST T T G AA A A A S ASTOASTE

AR L e AR T E LTI LTI CTE T RARAT
- ARLACTASIEEI I ELAS IS
======RICTATCCEEACIARCSTSOE-———
= — - CARTCCT AR TAASSRASS—
=TASCATCTE---

- =TAZCATARCTCTTITS COE
- =TI CTARSTETCTET A 1co3
- A CATCACCCTCTC T A e e e e e e e e e m . ————————— mmmmmmmme= 1006
- == AR T T T T o o TAA S CA S TAR ST SO ST IS T ICAACTIEROARSTSORAASCRCT 207E
- == TGoOOCAGTIGETATE T === === == === === == === ============== 100
- ——-COAACCASTCTTATEST 1060

1065

1065
— e AGATCOCARGETCTEET -~ === === === === === == ————————————=== 1117
————— = ARTCTCTCOCACACS - mmnmmamas 13423

o o U e o

= O OASG S SACTACASS S = e e = 1384

- A TR - —ATTESEASAAST
- ACCASCADC AT AR

— ACCACATCTCCASC -~
====ACCTCATCICCICTCO S mmmmmmm e 15EE
e e e e == LTSRS SRS S TOARTIE - - - - - - 1208

GO CTOCASOCASACG == m e 3§
- AR T IS CARARCAST CIGLASCCCOTARSCITTIL 1452

— SCTOoOCT SSSSASST

2ol —=e=T0C 1356

328 | Page



2]
L]
=

SLE0SE1_727
CLSom :l_'."ll!
CLE0SE1_JE33
CLE0IBD3I_1Z0&E3
SLEIED3_103454
SLS0SE1_1502
SLE0SEl_25%4
SLsoR :3___1:15'1’5
SLEIED3_137817
CLEIBDI_1458E
sre=osa1_1
Srsosel_32401
cLE0R02_116477
cLsosel_2818
CLE0SEL_3457
Sre=oE02_112215
cLE0R02_127740
SLE0R032_113212%
crsosel_s72
cLE0BDI_23275
cLEDa02_127612

SLEQEOI_10230
cLs0803_15350
CLECSEL_&216
CLEOROI_BEET
SLEQEDI_14%73
B03_1653¢
21_2s7s
03_16477
B1_1582
03_551€3
o2_11421%

RRERDE

crLEo=E1_727
ga_771%
£21_z2&22
goa_1lz062
BD3_1023%2

B1_1502

1]

1]
[

W
=
m
'
-
4

g1g

pooonAaNNaaDNaaAOONNn
CN o T N NN

SLECES 3 15350
SLEQ _'r!l 431€

cLs0sEL 15832
CLECE0I_SS1E2
CLECEOI_11481S

cLEDEE1_727
CLEDED2_771E
CLEOEBEL_2E22
CLEDEDI_1I0E3
CLEDEDI_103:%3
CLEDER1_1502
CLEDERL_ZS34
G"_!I:Iﬂ]__lﬂlﬂ?i
GLSORO02_137&17
GLECBC2_LaSEE
cLEDSEL_L
CLEDSELl_2401
CLECEO2_ 116377
=21 _zz18
zE1_24%57
B02_11221%
crEoeca 127740
ﬂ."ﬂ!ﬂ’_ll!l’!
CLEDEEL_X72
CZ.!II!E!_!!IT!
CLEDEDI_137E12
CLEDERL_S0%57
GLEDEQ3E_LD3z2C
G'_!EIE]_I!]!E
GLEDSEL_&318
GLI0E02_EERT
CLEDEDZ_ 145732
CLECEOI_lE336
=21_2:7%
Bo2_tea77
GCLEDEE1_1582
CLEDEDI_BE1E2
GLEDED2 _114B1%

Appendices

2500
1360
1352

48]

— e m o ATESTATIOSA--------m--me- - - AZCACCACCISOATARTCACCICACIT 1281
-CTEECTTICES - - CETACCATCASAACARTCACTIGACCT 1372
ARTARSSCT
~-CAZACES

== DA RS TORAT S = == === =L CACSCOCTACTSCICAAST O AACCACOCOAATD 126
=== LA CASTORAT S === === =RCACSCOCTACTSCICAASTOAACCACOOOAAD 12551
= SRR ARSI TATISCTCASASTETSECTETORASACR 1235
------- SRR === === =T ACAACCTETE~--~TEACARARESES BOS

1 TACTTICAACATTCCTORE: 1624
=CCTTICCETECAATATCORITAACTSTET 1222
-CTSCACATOTEATTICTSOSTSOADS 1518
STSCACATOTSOCACCACATSOAZS ESDD
=CTECACCACT == =mmmen== OIS BES
=T Ao CTACT ICICOCACAACSOACTCTCCACTOCTTI SO CACACCACST I 2EXE
—— A A A S —————— L= ARSm————— TECAASTOCTSCTACOOOSSATAS 1404
------ TECACSSoCTSTOOCSCOOSSoARS 152

=l AR C T e T === oA == === X[
CSAAACTCTATCARAT XXE
e e e SR AR ATSOATOASET 555
===CACSTTSTSTOSSSARCTSOSTOSAST 13321
== TCCAATOCCACTCACCATCTSTACSTIT 1051
=mm TCAAACOOSCACTCTOCATCTOTIZACCT 104E
ARACTC A m e e e TSI ACSOCTOCASSACTOOSTSARAT 1051
A TAR AT T CE I Cm e e e e e e e e TTEAACCTAAACO R AR ATOSSARARNCAT 3240
A S TACCTCACACEAATATSOARCTCTA 110
L L - T AT C T CACT S TATSTSCASCTOCA 110
mmmmmme LI e e e e e e e e = e === RCATECACAACACSOSSTSOATTTONA 1118
=R CATSSACARCACSOSOTSOSTCTSON 1118

e R T CAD S D= 1405
=oRSEEACES-~--= 14080
=ATCCIACC= === JRE
= AT TAD S mm = THE
-iﬂtﬁ-’:ﬂm‘i laix

s e TCTCEOOSCTOATOEAT

—AG=========== 733
—ASTOOSTSSTISS 1852
~TEAS-ASATSOSS 1255

TSoSITSICIT 2E0%

e ———————— 1227

1EXE

1280

io73

io7o

1073

ACASCATST 33ga
A-——— CTATCASTATAST G S —————————————————————— oo ACRCTCTGRACK 1135
A T AT AT A SO AR~ — s m—mmm e mmmmmmmm e ARSCACTGTEATE 1123
1134

A----TCE&cICIicEZEE’ --------------------------icﬂ‘iiiﬂctiﬁi 1ras
T----TTCARST e e T ACATACTSOCASA 1192

329 |Page



b*|

k1

CLEDEEL
CLEDEODZ
CLEDER1
CLEDEDZ
CLEDBEDI_103438
CLEDEE1_1502
CLECXEL_I5%d
CLEOEDI_101074
CLECEDI_13TELT
CLECEDI_LE%EE
CLECEEL_1
CLEOSEL_34801
CLEOROI_11E477
CLECEEL_3E1E
CLECEEL_34857
CLECBO2_112215
CLEDBO2_1237740
EO03_11313%
EE1_5732
crsceoa_ 22275
CLEDBDI_137613
CLEDSE1_20%7
CLEDED3_10320
CLEDOBEDI_135250
CLECEEL_S316
CLECEDI_BERT
CLEDECI_13573
CLEDECI_1ESIE
CLEOSEL_357S
CLEDEOI_1E477
CLSCSEL_1582
CLECECI_SS5162

T27
JTLE
2E22
120E2

n oo o
=

L]
—

o w oo
%

SLEDEC3_1l4E1lE

SLIo=EL_727

21_2554
GLECRO2_101074
GLECRO2_1276L7
Boa_14%E€
11
g1_2401
CLECEC2_L1E&77
CLECEEL_ZE1E
GLECEBL_2457
GLECEDZ_112315
GLEDBDZ_12774&0
CLECECZ_1132135
GLECEEL_=72
GLEDBDZ_32275
GLECEOZ_L376132
GLSDSEL_&057
SLS0803_10320
cLECRO2 15250
GLECSEL_&216
GLSCECI_EERT
SLE0B0I_14573
CLE0B0I_LESIE
GLEOSEL_357S
CLE0BO3I_Le<T7
SLE0SEL_15E3
CLE0BO3_SS51EZ
CLECDBO3I_114ELE

CLE0DSR1_727

CBG3_11ES7T7

SLEDBOY
SLEDBOY
SLIten2
Bl_=72

11322315
1327730
11212%

seoa_t2ver:
1_s0%7
ceoa2_1o220
oED2_1E2%0

E0BDI_18573
cLEDBD2_lE52E
g1_257%
CLEDBD2_16477
cLEs0ERl_1582
CLECED2_SE1EZ
CLEDBO2_114E1E

Appendices

——————————————————————— ATTCTA ATACAL CAST- ASTECITECA
=CTICTATODEZACSTE CEAST=CICOIISTATECOC
e e ACCECCARSTECACOST === = ==C

=RCRASCC ARSI ADEAT -~ L=

T AR T CCR R RS ATTOC SO OO RS TACOOOSTCARTSED

pr=teptatay ettt el el fatebal flad Ml al s

L R R RS ST AT TACS TSRS TAOOR R RS SOAD
L R A RS ST AT TACS TS oA TACTORRSIALZS

ACTTCATACTICTIASTITISICTARSAT

AT RATATARCARCACTITASIACISZOOASTIET
ICIETACCARACOCOOOACIZESIZASID
ICISTACCCACCCOOOACIZESIZASID
CCTATCA
-
CACCCATOASSCOET-——C0TA
[ e CEAZATTEATAACT -~ === s mmmmmmmmmmman
e - TEATATTAACASET-— - === m-mmmmmmmmman
= —
s —

COCT === s s s s m e CTACACCOOCCACCART = = s = mmmmmmana

TCICTSooAS======CT 0T CCE TAT

e = e e

- CAAAT!
e ACCETATOTETARTTCATE A mm e m e mmmm e mm e e e
- = - GTATOCTITSOS- === =m=—=mmmmmmmmmmm e
&T
-- - GATGATSIGACAR-——————==—=————————m o
-- - - GACGTSASCACAS-—==—=—====—=—=————= ==
s T o S, v A T
[y W —— E g m g e N T o o N ——
[ ST — Y T P T L S —

e mmmmmmmmmmm === A TGS OAS T EEE T S TEASACA T mm e ===

o o C AT DS D T CA DI T o

e e = T LT r - F e SR

—-CCARS - ACATCTCTCARCCARAS - —=CARDSTC-
~E AT~ =AATCTCTTCCoEARE S~ =ASTAS = ===
—CEATC== AR TCTCTTTCSARARS == AATAS ===
SO CASS oS TCTCCTTICTTTICOSCCARTODSATS
oS T T TAASAATCACCOTCOoSCOCATCATSST
—CCARCSSSCTICTTOSSATEARCCSRSSCTSSTA
—CERARCE TTCTTCSTATERRS
AR SATTOCTICSTATCARTCSASSCISTITA
~CCACAS=====sssssssssssssaaas

=S oS CTACT ST AN S === s oo oA R os-

== e D
= R O A AT T S TR o AACACT TR oA =
=S EATEECTTCATEEERATOSDACATIZOES
=S oA AR CESTITCACSERAATTCCACACISIRS
—AC ST oA T SEATICT -~ CoAASTEoARSAS - -
=LA SO A S CAT O SACOSRAS AR ITASIZIIS
AR SO AR SAT OSSO RS T CTASITATIZNIS
— ST AR CAAT TS RASSTACCARSTASIZCICS

— R R L LA AATASRASRAACTSOATAZTIZITS

TSCTA

-= —GCAITA:CA:A&SCTCT#TIG?I

-= -——=GLSICASTCICSoTICISISCT T ———
== === = LIRSS TICAR D ===CT T == =========
ARATSCOCTITACACACATCOIACIE TR TSCCASTCTARTICICCATATARRALDS
== === =LA CATCCACCACRCTICI oA ———
- IS I oA AT S LAACARCACATOIIAS
- ITI o CAS R ICICACIOICA

= AT T oA o CTCAT CCARRC T O ————
- —=== G IS TAASCCACCACCTICATCSTARTCCT

330 | Page

143E
1426
L1k}
11
1458
o082

1E3Q
1ELS
1E1D0
13

755

1E55
1I56
1581
ESEE
s1e

ZEEL
1563
1E52

zes
zee

1288
1088
1053
105%
3360
1175
1175
1184
1184
1225

14€2
1453
B2z
B2z
1478
212%

1€54
1625
1€2€
274

JE3

1720
1206
1554
€575
531

2€83
1452
1€21
571

1314
1ia8
1145
1108
3420
11@5
il@s
1158
1158
1243



b
k3

bi

o w oo o oo o

o w oW o oo T

L]

n on o

*

o w oo

CLECEZEL_727
CLECED2_T771E
CLEDSR1_3J&33
CSLECED3_130&3
GLECEDI_103454
GLSDSE1_1502
CLEDERL_25E4
SLEfEC2_ 101074
CLECBECD2_1327€17
CLECBO2_14%86
CLEDERL_1
CSLEDSEL_3401
ELECEDI_11E477
GLSDSR1_331@
SLEDERL_2457
SLEgef2_11221%
SLECECDI_127740
CLECBEO3_112113%
CLEDERL_=72
CLECED3_3327%
CLSCE03_1376€13
GLEDER1_4057
SLEfefa_10220
CLEDBOI_1E2ED
SLECEZEL_421€
CLEDBO3I_BERT
CLECBO2_143572
CLECEDI_1&E53E
CLEOSR1_3575
CLIECBEC0I_18477
SLEfEEl_15232
CLEDBDI_S5E1E2
SLEfEC2_11481s=

CLEOSE1_737
CSLECEDI_7715
CLIO0SEl_268332
GLSDEO3I_12063
CLEDBDI_1034%4
GLEDEZRL1_1502
CLECEZREL_25E4
GLEDBO3_101374
CLECBO2_127€17
CLECEDI_1458€
GLEDSE1_1
GLSDSE1_3401
SLEDEC2I_116477
CLEDERL_38218
SLECEZREL_34:7
SLECED3_113315
CLEDBD3_137740
CLECED3_11313%
CLEDSRL1_S572
GLSDRD3_33275
SLEfEfa_127€13
CLEDERL_4057
SLEfEfa_10222
CLEDBO3_13223Q0
CLECER1_421€
CLECBDI_HERY
CLECBD3_14573
CLICBC0I_1e53E
SLEDERL_257%
SLECEDI_1€477
GLEDERL1_1582
SLECEDI_SElE2
GLEDBD3 _11381%

CLEDZR1_727
CLECEDI_771%
CLSCSEl_Z622
CLEDEDI_13063
CLERRDA_1D03454
GLEDSE1_1502
CLEDSELl_2554
CLEDRDI_101074
CLEDBOI_127€17
SLEDBDI_14%BE
CLECER1_1
CLIOSEI_3401
CLECROI_11€477
CLEDSELl_3E81E
CLEDSEl_2457
CLEDEDZ_113315
CLEDBDI_1237740
GLEDEDI_11213%
CLEDEZR1_572
CLEIDEDI_3337%
CLECEDI_137613
CLEOSEL_4057
GLSCROI_10330
CLECBEDI_15350
CLEDSEL_4316
CLEDEDI_BEET
GLEDBDI_14573
CLEDEDI_1E€52€
cLEDEZE1_327%
CLEDBOI_1E477
crECEEl_1582
CLEDECI_SS5162
CLSCRDI_114B1S

Appendices

AR D T O e S S T A A T T T A T O S T S A T T ST S AR AR CTEO ST A ACSTEASTON

3T

mmmm T AT AT CTACCAC T O S S e e e e e e m mm TR CATATO SO TARAAT S

=== TGO AOCACATCOCTTAATSAT
-CECETCOCACCACTCETCCTCASES
~ACASCAGECOCTCAADEARSCCARAD

ASCETCTICTEASZARSS
ARCSTICTISTCASCZAZET
ASCSTCTSTSATRAATZD

Py —————
—===TTSCTTISASTSONS

---------------- COSSTCTCTASTCES

———————————————— CARASCTCTACOCOS

== AACACCCTCCOCTECAS

-------------- SoSSSSSTCACSTEOSA

—CCSETACAC S === == OO S TOSAC S === === = === = === RO CC S CASAC TS

T T AT SO A SO NE === A A OO S T T O ST CT S == A RS S SO AR T OIS T oSS SET

- A RIS LR e R A L L e I L A T AR O S e == AT T T S CACATCT ST SR SRS
e Y - — C==AATCOOSTETGOACCASEAR
—ARACTCOAASACC-——TCCACTCASS TC--AANCCOOCACTCTCOCCOCAS
—————— STETATOTA-—mm === T8 mmmmmmmmmm e mm e e~ TEATTCTEASSTEEE
—————— ATTTASATS ———————T8-—————————————————_CCAATCTOASSTTSS
- A R T R T R T AT RO T RO S AR S A TSR - ACETITETEOCADETS

- D D A A T - S S T T S T ST I A CAT ST~ — TEOCASTSOSATEATES
=== AT AT AT C= o T CT ST ST AR CAT SO T = = = == TLOCASTSOSASSADIS

=== AR AR TSI e~ AR CCT S TATASATARZSAR - TEICTCTSORATEATSA
AL AT e T A =~ e e AT T o CTARA AR~ TeCACCTCTAATARATL
AT IS IR AR T AT CATCCI ST CARTSoAATARS CICTTAARCTGACSAATA
A A A LA L - e s T T e T A A S EAAT AR S~~~ -~ CTCTCAAC AT ZASTA
GICIGCASOGE S-S TAT T A I I IO CATCOASTOACCO AT SSADST

ETCT oA ACCATC~CoADETEoAD! FYarY AT OO A AN TCCASACST
AR AT R o T - A S T e T AT A AT T AT SO TASTOSACTATOCTOASSAATA
AT T AT ST == T I A AT O CACA S A S e e s s ccssccsaccannn oo oo
AR TSI SIS TS --TISATASSTSOSOASIASR

T S T AR S I AT AT ARSI TATICIC OO AR = = e e e e

I S R AR ST AT T AT ARACTSICISSOo AR

LTI Tl AT A I CACCARATACCOAZZODLD:

AT T A A AL A A AR TASACSACCTCCASASSD
ASCAT T TACCTISoCAASTAZARES
AACCIACCATOC oA TR OISR R AN TN
ASCATOSCET TACCTSOCARARASASES:
ATACACCCCTC= === == mmmm = CRCRCAT
ASAT===ACTEm == CATEOAS -CCASTCOAS

TooCmm= A O AN S ACCARSARS - AACAACOSR
TooATOoACASE P ey

LSocT RTA T -TCTooGE —
CEOCT ARSSCTIA =TCTECoS: —
...... LT -y ToToooA

L= £l = SoEOEIGOEICICICTS

oTCT ASSEATCOS o Lt

T A AT O T T T CAC AT oD ————

I C-- A SRS SR A CT-TICTISTACTARRATEES
ATATA=CAAATATIII IS === == === Do CAT O
STATA-CARATATOCIT - -~ =-CTSATAR:
TI IR I IATCIATCCARTCOARATCARAAD
ATTTITICTISEASASTATIC-~ - TEARGZACST
ATTCICICRARACCARTZ -~ —TEAZAAST
TITCTATSSIGACTATICS-——-—-=-TGASTTIT

TTATACTCETASCARST G- ===~ =~TCACTCCTCTCCAACCECCTATASASASACTARCT
CTATSET

TTACGAS

CTACACT

=== GTATACS

TACCTTISTICTSOASTID- == === =COACCCT S = mmm == = wm == = wmm = m == CTATETT

331|Page

1514

ixan
1Z31
1231
1220
1220
1272

13514
1533
-1l
224
155€
220%

1738
171%
1713
-F-11

a1s

1776
1368
170
Jass
554

27€8
1583
1703
131

€11

€14

1388
1181
1178
1178
A553
1274
1274
1285
i28%
1323

1XEE
1554
21
18
1550
2243

17€32
17482
174%
512

B1E

b 3=}
1357
i7e8e
Joes
ig1¢
28032
1€12
172€
ERE

E1E

el

1215
1227
1zZ2s3
1zas
2ELE
1308
1208
131213
1323
131&E



o L oo n oo T
M =

*

0o oo o

o wogw

L]

SLsoEEl1 727
GLSOROI_771S
CLEDSE1_J6€33
GL3CRC3_132063
CLEDEDI_103454
CLEDSE1_1502
CLEDER1_2554
CLECEDI_101074
CLEDEDI_137617
GLECEDI_18%E6
crLEDERl_1
CLEOEE1_3401
CLECEDI_11E477
CLS0SE1_3JE1E
CLS0SAe1_3457
SLECECI 113315
CLEDEDI_127740
CLEDEDI_1132132%
CLEDEEL_E732
CLECBDI_22275
CLEDEDI_137613
GLEDER1_4037
CLEIDEDI_103
CLEIDEDI_1%2
CLEOEE1_431E
CLSORO3_B6R7
CLEDEDI_18572
GLEDBDI_16526
GCLEDSE1_357%
CLEDBDI_16477
CLEDER1_15E2
CLECBDI_BE1€2
CLECEDI_11481%

CLEODOSEL_T727
CLEDEQ3_T7715
CLEDSEL_Z&22
CLEOEO3I_120&3
CLECEOI_103454
cLEOSEL_1502
GLEDSEL_ 2554
cLsCEO2_201074
SLECEDI_237617
CLECEO2_1:%8€
crEosEl_1
cLEDSEL_34801
CLEDEO3_11€477
sLEDEEl_zE1e
SLECEEL_ 3257
SLEDEDI_211331%
CLECEDI_127730
CLECEOI_11213%
crroTel_x72
CLEOED3_3327%
CLEODOED3_137€13
CLEODSEL_4057
CLEOEO3_10338
SLS0R03_15250
CLEOSEL_&31E
cLEOE03_sEE7
cLEOEQI_1&8573
CLECEDI_16536
CLECEEL_3IETE
CLECEO2_16477
cLEOSEY_1582
CLECED3_SE1EZ
cLEDED3_11881%

cizoEey_v27
SLEQED2_T771E
SLEQERL_2€22
CLEDEDI_12063
CLEDEDI_1034%4
CLEDSEL_1502
CLEDSEL_2S%4
CLEDEDI_101074
CLEDEDE 137617
CLECEDI_14586
GLSOSEI_1
GLSOSE1_3401
SLECERI_11€477
SLEQERL_28182
SLEQERL_24:527
SLEQERZ_112215%
SLEO0BE03_137740
GLEDEOI_11213%
SLEQERL_E72
SLEgeEm
crECEgE
SLEQERL_&027
[SETTTE
crLIoEDI_13230
CLIEOSEl_4316
ZSLEDEDI_BEE?
CLEDEDI_14%73
CLEDEOI_16536
CLEOEEL_357%
CLEDEDI_16477
GLSOSEL_1582
SLEQER3I_S=162
SLECERI_11481=

Appendices

- A AT T A A S S ST A ST O E AT CACTCA RSO SCTOTCTOTCOCACSATOOATACOASA 1822
==TATATSSARCCTI A A A ZCTCCATTISOCASCASSCATATATAR 1612
= R AR AR AT I CACAT G T CICCT I C===CTATSGTGOCCATCATSOSICSSOC 57E

== FFIATARAZZZEICIT A oG TIGTIG===CTATSTGOOGATOSTSOZISSSIA 573

e TTTETSTOOAA AARST-——G ol oA CACoAnoosmms e ) EaE
-==SSTIIA ey AR CCT oo AR S CACCACAT SOAASICTSTSTATATS 2355
== DA ST AT AT CITAATAR CAAT A=~ CTTCTCACTTOCTCOZC -~ 00ZATSTA 1816

e A SO TAT AT CI TAATAR CAAT CAC-~CTTCTRACTTOOTCOOC--TOZATSTA 1802
===COCASECTATCATCTT

TARCAATEAC--CTISTRACTTGCICECC-—TERATSTIA 1758
531
BES
1E8x2

-1

SCTOCCCACCoTOOCATOOLDLOCITIIT 1758

----2&SSI0ST T SCSSS oSS TISOoCoooTISCoACSSSooTSINT 7142
-——-SSeSIC-—-——~ SITTSACCAZCSSS——-CoIICSS SEAT ST 1048
=l AL S o S oI S CACCASTICICTACRDCOATACTTICCTCOTSTCOSoASoATSCT 2860
=== Ere TCTACACORACASTACTTCCTCCASTICOCSCOoATONT 1665
————TAA TSCIT TCISCCooC oo CoATACTTCATCCASOACSOOSoRTSCT 1752
e A AT SO SIS IS CACTCARAT ST CARCATAACTACTTOCTCAASSACSOOCSITITECT 742

== CIS IS ====CACIGACCA === === == CTETATTGATOCTAASTATOOSACTIA ETE

SAATEASCA -~ -CTCTCTTEACCOCEASCATOOCASSR E7%
TToCOCAZATACTARCTETATTEATTCSARTCAATOCASTS 14874
------- COCCEOEAR=————————————————————— = TCASCA 1232

AT AAT I = === == T OO CACAC A TTIAROCA 1335
== CTAAGTCAT Gm = === = = OC OO G TES CCATCA 1225
COGTCTGCTATCIGEATGAGTGOCCACRARGTGECTGTGGRCTAGCASARGOGGGARCCT 2706
T I AT A AR S A AT oI IO CACCAG--ARCTCTTITCAATCCARATACACICATSS 1366
I I A A LA R S e A A AT oI G IO CATASG -~ ARCTCOCTCARCCCARTCACAACCATSS 1266

AT A A AT I AC ST ST e TARCTEAC -~ COoCTCoCTAACTEATEACATTATSITICR 1281
CASTTEEACTOTTIO CICCETRACCEAT==ACTTOOATANCCCACZACSTOZOCTIC 1282
CCTCTCAATACACS ST ACAT O I TICCCAT T O == AT OO TAOATCOCOATCTITOOITON 1426
AR T LA T AR S T AR A T L L S T A L T AR T S A D O AT ST oo oo oS mmm m e = == 1872
A A A L A A ST I o oA ST O I ST AC S oo S AT o oo T oo oo oI oE- - 1EE0
ACACCATCITTIIC - m IS C S CACACAT O ST Y AT A~ - 1813
ASCACSICITTIICE-————- =S AR A DS T oI CTIAC A~ == === = ig0%

ACATCAACASTARSSS Sl === T D e TAGAC TG AR CTCCAAC TS~ === == === === 1E8E

ATACATCASCAT CCACTSAST =-GIGTOGEC ICIT=======0CTGE 2351
A AT oA CTAS T AR CA L ST ST S TAC T CAA T SCAT SoAT S TATS - ————

A ACCT S CACTASTARCACC ST ST S TACTACATSCATSTATSSSTATS

ARSI oA S TAST T AR AT TSI S TAC T S oA T S oA T S RASCRATAT S - — -~ TEAAR 1851
CATIALZN TECTTATTACATSTITOOSCTITZOCTAR

==ATCCACS S~ cnccccccnc e A TACACAAACAHA

A T S A S A T S T e A S S T T S T o o T RS S A A AT A A Ao ~ ==, ACATS 1505
[t E bk oo ai et eak Tap b Ll B R il Eat st p et ACACC 1457
COACCTOOTON . TCoTALCT B T T

COACCTOOT OO ToooALCT . - T T

[t atatatal b =SOLooLCTOCASoCRoATD TETCTCA

ACCAC ST oo ACACATATOCTORACCCAC oo TOT oS- == CATSCACACOA T COoooITIT 2617
ATCACAACACCAACTICOOCOoSAACCCAZTAT == S CATAC==smasa====TT 1716

GEITGTCCTOS S === e T AT G e 1247
SIeCe T I TAC S e eI I e AR TAT AR TS TASC TG TAATACICSCITCATC-————TTASA 3761
T AT CACARATCATCRAS -~~~ === =TT TeTORATRATARS === TSS 1437
TIEACTEoACCAACCAT SRS -, ACTECTTORATCETARS - === TST 1437
ACOOA TOORD, LY -

ACCACTOOR AT 1 Y. TO———

A COCATCICTAS IO S ITICR T~ =TCTSTCTORCACOOCALS-====CTTST 1473
—ATACCASTSSZICEOAS TASST ATA TACIS-======= SATZAZAT 1722

=ATACCASTOCCTICIAS CASETY ekt T TACTS========CATCAACT 17082
=ICACTISSTACZRTALZS SN SO A T O T A LS o= s s n=m= === CATZAACT 1324
= TAACOSETACAATAS === == C AR A ADCCTCTETAS GG === m = m = == = TATGAROC 1031
=R R I T o S T AR S S o oA AR AT SO ST RO CTETCSTSTCATIORAACARSTACS 1747
ACTCEARARRSASOSTIOTSTIT a1 T

ACTCATAATAAZTC-
ACTICATAATARZTC=
ACTASDZATTICZTS

CCoITCTIACAATIACSTICN:
=== DS TSOOSSADSTCT

ASZSACTACSOCT 1468

AASTSTAATARSISITT ——RARSATIASSAST 1468
STATSICCOSASSEITA CASISSTASSLEIISTIS ARSATTSSEAAT 1515

332 |Page



SLEI0ER1_727
CLEIEII_771S
cLEozEl_2€22
SLEDEOI_12063
CLEDEQI_1034%4
crsgEEl_1s3z
GLEOSE1_2854
GLEDAOI_101074
SLEDAOI_137E17
SLEIROI_1458E
SLsosEl_1
GLEOSE1_3401
GLEDAOI_11€477
GLIISE1_JE1E
CLIISE1_3437
CLIIED3_113318
GLS0E03_137740
GLS0E03_113135
CLEISE1_572
cLEgEg3_13378
GL50803_137613
CLEQSE1_4057
CLEDEC3_1033C
GLS0R03_15250
GLEOSE1_4316
SLEJE03_geg7
SLEJE03_14572
SLEJE03_16526
SLEQSE1_3575
SLEJENI_1E€477
SLEQER1_l582
SLEQEg3_s5=E162
SLEQEg3_11481%

GLE0ER1_727
&LE0aa3_771s
GLE05Al1_2622
CLE0803_12063
GLE0803_1034%4
CLEOQER]_1502
CLEQER]1_25E4
SLEQESI_101074
SLEQEI2_137€17
CLEQEQI_14EE8E
SLEfER1_1
SLEQER1_2401
SLEQEN2_11€477
SLEQER1_2818
CLEQER1_24E7
SLEgfEsa_11221%
SLEfEN2_127740
GLE0En3_112123%
GLEOER]_E72
SLEToEDI_22278
GLETO0803_137613

CLE0E03_152%
SLEIEE1_4316
oBg3_BEBRT
CLZ0803_14373
CLEIJEII_1EE2E
CLE0ER1_3I57S
CLEDORQ3_1€477
CLEOER]1_1SB3
CLEORQI_SE1E2
SLECEDI_11481%

SLEgzea_727
gEga_771s
SLEQZE1_2€32
CLEJEQ3_120€E3
CLEQEQI_1034%4
SLEOZE1_1502
SLIOZE1_IS534
SLEJEQ3_10107s
[~ 1 )] 127€17
GLEdE03_14%8€
GLEdZE1_1
CLEQ3E1_2401
SLEQEQI_11E477
SLE0ZE1_3IE1E
SLIEOSE1_3&57
SGLEJEQ3_11331F
GL5dEa3_137740
GLEdE03_113135

gEma_23
BEO3_137E13
L. 3§1_4aO0%7
CGLSJEQ3_10330
SLEJ8Q3_15350
cLEasEl_4316
cLEQE03_BEE7
cLEQEQ3_14%73
gEgI_1€s3E
381_3I37%
QEQ3_1E277
OQ581_1SE2
CLSE0EQ3_SS1E&E2
CLS0E03_11481%

AT OCATOOCT O~
COOS T ARSSACTSOARNSSATSSAT

Appendices

COCAANAT S mmmmmsmesss—e———.—eeeee O T AT ACCTTC T OCAAT T mmae 1748
COACCARCA=—mmmm—————————————————— e O TEATCATE T CAT T CASCS TS = === 1737
BT AT TR S DA TATC T CAC T S mmmm = 107

L S e e ——— T == E A T F T s TR R DR B T
e o e ————— T Tl = Tt st e S PR § T}

=S ETACTICCACCSOCACSOOO -
e e T TG AT === ==== 1131
mmm e A RAC T OO CCARTCTAC SO O ==== 2003
prer i lalay fatatad oy g ety my otatal L}
AT ST ST OCATTATSOZAT =
- A A T C T G CACART ST CAT -

GECICCAAG=====—========================= == ACCGICIG-========== 13258
COCTOOARG-—————— === == == ——mm——m—mm == == ACCGTE L G ——mmm— ===
A A A O S S e A A A A TATE T T AT AR TATC oS AR A TCOC AT CACTCTC ARG O

e TETES--SSASSATOASA

————————— AT T o= =CARCACTES

=ATTTE--CAZCASICS

————— GACARCTISOGASACCIICIS

~TOCACITEISOCACATSoACS
CCTACTISIGITASSTSIT

CoCASCCTAC S ===
CACCAA AT OoTATIT AL
R o o T T o o o
ACCoOS==ToCTAC

-CTTCOEOCCTACAT-
-ATTACCOCAATCATOASA-
TCARTEACN

mmmmmm=  TACTACARSTIATA

————— STACTATASATICTS-

=G =-CACCTERASCAD
SCOEEACARTOCGOASATSTISCADOC-

ACTCCATCSOASTSoADSA-

mmm e e SRS COCATAASTOOASOS-
=SS TCATAACSTCTAACA -

=CCCOCACCATTISTS
=CCTCATSASTIZOD

e e e A T S T S 1573

333 |Page



SLIOEE1_727
SLEQEQ2_771s
GLEQ=al_Z2ez2
SLEJE03_12062
SLEQE02 1024853
GLEQ=a1_1502
CLE0ER1_25%4
CLEQEQ3_101074
CLIOBQ3I_1137EL7
GLE0BQ3_1&5EE
SLEO0ZELl_1
SLEQERL_2501
GLE0803_11€477
CLE0S@l_381\
SLEQERL_243%57
GLE0803_ 113315
CLEOEQ3_11377&0
CLEOEQ3_11213%
CLIOEE1_572
CLY0E03_3327§
GLS0E03_1376113
SLEQEE1_4057
SLEQEO2_ 10230
CLEQE03_1E2E0
CLEQERL_J21€
CLEQEQ3_BERT
CLE0BEQ3I_145713
CLEOBQ3_1ESIE
CLE0ZR1_357%
SLI0EQ3_1E477
GLE0SAl_15@82
SLEJE03_S5516€2
SLEQEO2_114821:%

GLIONE1_727
cLIDEEI_771%
cLIODZEl_2622
GLIDEOI_120€3
crxoEgI_1o3dsd
crsOsEl_1saz
GLIOSE1_2854
CLIODEEI_101874
CLIODEOI_137€17
CLEOE03_145EE
GLIOSEL_1
crIOsEl_3401
GLIOEOI_116477
GLIOSEl_JH1E
cLEozal_2457
cLICEQ3_11331%
GLIDEE3_137740
CLIODEDI_11213%
cLIo=El_s72
SLE0EQ3_323275
SLEQEQ3_1376€13
cLsosal_4as?
GLIODEE3_10330
GLIODEEI_15250
SLEO=Sal_J3lé
SLE0E03_g€a7
SLEQEQ3_14572
SLEOEA3_LlE536
SLEQE@l_3E7E
SLEQEO2_16577
SLEQ=al_15a2
CLE0E03_S5S1€E2
SLEQEQ3_114s:21%

SoLEQERL_727
SLEQEQ3_771=
SLEQEal_2e€22
SLEQE03_120€2

SLEQERL_25E4
SLEQE02_101074
GLE0E03_137€17

cLEgeEg 11213%
SLEO%El 72
cLEgEga_3337%
szEgEma_1a7el:
crEosel_s0%7
[+ 1] |

CLI0BEQ3_135230
SLEOTEL_4216

CLIOSEl_35TE
GLIDEOI_1€477
cLEOxEl_15E2
cLIDEOI_sslEz
CLEOEDZ_11481%

Appendices

=== A T A A L AT C T T O S S oI ST CI ST CTATCTAC OG-~
—ATTESTE ToT AATACATATCTCICTCOARALS
===CGTATSSTISOCASCASTOCAGCSTCRTICARETIST

A EAATCT ARSI - - lE28
CCACLTCLTASLICTICTA
ITCGRATCECAREOATONA~

- T S T T O ST S S T I T ACT T A-AATACA A -~ 200~

- L T A O T S S S O T T A T T R oA o CA ST AAR Sl
=== L L S TS O A S TS S S T AT T AC AR G AR AR O ST CAC G- === =ATA 535
===AACTATAZICE--

———AASTATSSICE-
- A A LT A CACTCAT CCCCAAT T AL S EACATT-
ssssssssssss=TOCRTA2 T2 A AT IO oA L= sssssssssssa=== 1220
== O G A A AR A AR A SO DO CACCT O EA S = = mmmmmmmm= 1357
TOEAEAR S AR S S SO CACC T EOEAS -~ - 1347

——— T T T CGAS T ATAS T AT CCOCASASARSEET T - ——— e e e e - 1538
-- ——TCTCTCASTATAACSA L 1538
mmmmmm =TT ACTGAS TAY AR S SRS S EARGASAC SO T O mmm e e m o e = 12X
-——=TCAOCCAATA T, AR o eI T

== TR SRR T AT SCASACSSTCTOOooIoIoTI-

————— ACCCCTCTGCICTAACT == === e e e e === CATES 1844
--------------- ACZZSTCTCTTCTARLS:
CCooRACTOCACTOOR
- ARZACTCCTOCCTES:
CATCT AT T A AR C T AR TT T T T C oA T CTAT OO OO E S A OO RS OCTTETY eTC 18312
A TGO GO TEA SO A S T CAA T O A EA S ST m = m e

e e o o R S A T A S S S S T

TARD ACTATCACCOLOICTICN- =DCART Z0lQ
- -=A -SSASS 1055
— STSTCTCRACS: SESTACC=CTODCAS=-- m===== 580

CARCT AACAGCGLST == — e ACA-- 1155
CACAGOCTCOGETOOGAACAR AR COSOATCARGESEETOR =ACCSA 3210

CACACCCT L ACT OO O CATAC O SO DO AT CACCOD AT N
AR I I S LA A T A CA AR L L LT A AT CCACELIEI N
AT AT S e oo T o CAR AR ST S- CTCASASARASZATET

CECCTECETICTTETEACCACOACETCTECTCOABCE -~~~ ————m o mmmmmmmmmemm 1281
TACSTETACTATCSTEOCOROOACCACEACTCEEETE-—
CCOCTATCSTCTT CTTC
CECTTATECICTE CCTE
CACARACECTCETCCACCACCATCOCCOOCEACARCECTETCEARTTCT SZTAT 18552
b T L Y e

TOoL oA ST S STO S TC A ST AR AR TARAS BETE TG -~ —mmmmmmmm e m e
TEOECTASCTEoECTOCTOCACTTARCEATARGEETCTE
TEOECTAS S TEoECTOCTOCACTCARCAATARRG CETE TG mmmmmmmm e
b= e L~ X |
TEOAZATEEETOSAS
TEOCECCACTECEAGEASG-CCTATCTOCCCACERATCEE -
TECCARGACTCCCETOCCE-COTACAACTTCRACECCAS -
CACTETOCTCTEOCTONSC - -~ TECACEEACEEAELETE-
CEoOCTOCTCTCoCTONST-~~TETC oo oACCEARACETE-
CECCETCOACE-~AACESG-==CAGACCTECE-~ACCCTT-
AT I e ST AT SO T O oI A S S AR S ST O AT
T A T T AT O T oA T CT A A ST OAR SRR TR~
TECCCAACCTCCEATCCTCCARACTCSTAATACTCETTCTE
TEOAASCAATCTSTETCATEATET -~~~ oAz z-
—----TEZTT -
—————CHCCT
T AT OO T I AT o T IC T CCTAC T TCTCCTAST S ICIATIIC-
- =T T AT AR O~ LR CT RO ST CAROEASARESTETAT
=0 =T T A TCAA L e=Co T TCO ST CACTEACOOCTICTAT
-CCC-CTTCATCARC S - CoCTTOoSTCASTEACSOETETAT
I A S T AR T A A S A T T T e S T T e T AR A A T I E T T TAT e e «“03s
T = T A A S S R A T A A T A TTTEAATEOARATEOART R
Il =T A A S AR DD o T AT T TCAAT COCASTCOARD DR
I AT A A AR S S e - AR TR oA Ca I CTEORASTEOOR RS
T T A A S o= A CCCACACCICTCTEACT SO DS CA S
T AT AR A R A L L L T IO =T O O T AR A S e e e e e s e e e e e s e s 1 EEJ

mmmmsssssssmmmes 1EEE

334 | Page



o oo o
-2 =

o W oW

L]

T U DoTWw 0ogog
o =

*

GLSOSEL_727
SLEQROI_771=
GLEQE=21_z2€22
SLE0R03_120€3
SLEQROZ_103454
GLEQERE1_1502
GLEQERL_25%4
GLEQE03_101074
SLEQRO2_127€17
GLEQEO3_14%8€
CLEQESEL_1
cLzOsEl_zaol
CLEOEOI_116477
CLEOSE1_IE1E
CLEOSEI_34%7
cLEgEgI_11331%
CLEIEOI_ 137740
GLSOEO3_11213%
CLSOSE1_572
cLsgEQ3_33317%
GLSIEO3_137613
SLEQERL_4057
&LE0@an3_1032a
CLEQEO3_1%220
SLEQERL_421¢€
SLEQREOZ_BE27
GLEQEO3_14573
CLEQRO3_1€52€
SLEQERL_227E
SLEQEQ2_1£277
CLEONE1_18582
cLEOEOI_SN1E32
CLEOEDI_114E1%

CLIEISE1_737
CLEQEA3_7715
SLEQSE1_2€3232
SLIEQEQ3_13063
SGL350803_1034&54
ciLEasa1l_13503
CLEJEE1_2554
crsgaga_101074
SLEIEEI_137617
cLElEOI_1432€
cLEIESL_1
sLEDEE1_2401
SLEIEOI_11£4877
cLEgEEl_32Z18
CLEQEE1l_13%7
SLEJEQI_11221%
SLEQBEO3I_137740
CLIOEOQ3_11213%
SLEOEE1_=732
SLEDEQ3_3337F%
CLEJEE3I_137613
GLIQSE1_<057
@LIOEQ3_10330
SLIEIEQ3_15250
SLEISE1_4316
GLElE03_ge87
CLEQE0I_14573
ZLEZE22_1€536
GLEISE1_357%
SLEIEOI_1€477
CLEIEE1_15232
CLEDEC02_SE1E2
sLEZEOI_11831%

GLEQER1_727
CL30803_771%
CLEQERL_2€£22
CLSIEQI_12063
SLSIE0I_1034853
CGLII5E1_1§03
CLEQSE1_2§53
SL50803_101074
SLEQRIZ_127€17
GLE0BO3_14%58€
crzgose1_1
SLEQERL_2401
GLEQBO03_11€377
CLEINA1_3E18
CLSISE1_3457
CLEJBQ3_11331%
SLSIEE3_137748
SLEQEg3_11213%
GLS0SE1_532
crsg803_3227%
SLEQRIZ_127€12
GLEQER1_4057
ZE@I_1g33m
QEg3_13230
OEE1_J431€
SLESIBOI_BEET
CLSIEOI_14573
GLSOE03_16536
CL5IS21_3575
SLEQEI2_1€477
GLE0SE1_1582
CLEQ@03_551e2
CL30803_11381%

Appendices

OCACTAZASAATTASTES
COOCTCoAZARCTACTS
CIARTA=ZCARTAARL

-

AT ACACARSAACASTIEZZOST-
=TAACCCASTICATCCICA=======
CARDSCASTIEATSITAS - -~

N Y sty -l =1 PSR -}

TSI =-=-=T O T T S L T I S A T TSI S AL T m m e e e e e m e e = = = == TETTATTSEDS
TSI IAT ST IAT ST CC T CATOCICoSTICT -

IO I A AR A A S oRACAT OIS CTIT - 1z22
LA T AL S AR A AT S SRR AT OIS oAT - - iz3g
SISDET = SEATTICTCASZATAITCZN I07e

OIS A A S A AT oA AC oA A ACTICT -~ 2e3g
-1
2121
2118
11sg

ACARCASTANSN R AT ELTETOAS e R
ARSI AN SRS TCT AL TEE -
CTACCACCAACA R AR STCoTCTCASOEOEoEE
e - el

- Tl - Loy T 10487
- A OCAACASEAS CTOCAD 21€3
———— AR e 17532
CTOCTOOOSCACAACSTOSCSCTTCS oS ISST- 2081
T T O ST CAACCC Do o CT O L T TaTE

1272
3351
18588
Z1El
11E1
e T I A A AT AR S A~ e e e e e e e e m e e e e e === R T22RATT TEF
e —————————— T A A T A A e e e e DO RTTRET TIE
1772

ATAZZIET 1330
e R T A TAT G T e = AR RCAAT 1437
-===QSAATAAT 1427

TITIT

----------- TSCSIT TSSSSISoITIIS -~~~ —---——-——-CTCACARS 4052
1635
1625
1E52
1E52
——————————————— ACEETETIT CAR === e e e e eeDOOCARDS 1704
TEITATS TS TACTTOCT -~ CoTARTARS SEEAA 1581
TITTCTE T TACTITOCIC-=-CoCAATARCACAR NS ~=== 1874

msas ==CTTICTT==CTTCA====sssmmsaass 1245

o o e e AU T T e D T L T A= e m e 12 4%

A T A S T S A S T A S O ST ST C ST ST TSI ST I GAT I SRESTTIE IS --- 2133

==CASCATICATCZAT A AATSTSTSZRCA IETS
e— CATCCCTCTICoISTICATCATTS--TISIOR 2167
(=~ TATTSoCSTCESISTCATCATTS--TSSTOR 2152
(=~ CATCICCSTOGoASTICATCATIC--TICICS 2145
[ CATSTICOST TSISCTAS-=TACTCS 1171
(= CATCTICSCTCooICTOATCACCC-~-TECTCE 1078
= SATCTIOOSTOGCICTRETICOOTCL-~TCTERE 2154
Efmmmmm——————————— = e = SR T T OO ST OSSO S ST O T O S - ~TOSTEE 1783
T o e S T RS S ST A SO S TS ST TSI T == TTSTAS 21323

- AT CACOCTI T OO CTCACOCTIC=-=TTICTAS 7507
-—=CATERETST ITAICATCS--TISTTIE 1303
CETATCTCTCACASCASTOCTCE-~TTCTCA 3282
- e mmmmmmmmmmm———————= 1555
oz CATCTCICTTCOTCTCATOSTTIC-~TTICTAS 2154
ez CATCSCTCTCCCTCTOATOSTTG--TTETCS 1122

774
1B04
=TSTARASCDCCD 14587
-TSCARSSSASS 1454

== 1454
=ACTSSOCTSACTARTSTICTISTAATSSOCS 4124

o s o T R

ACCANOCCRS: ~ACRGACSOCT 1661
TCoCT CACCANTTOAS ACAACCCTCT 1661
= CCTEACAS —CTGACAROCR 1672
k- CCTCACAS ~ATCATCCSRAR 16732
TC- ~CATICOOA==mmmma e s COCATCSRAAT 1724

335 | Page



sLEQEE1_727
SLEIE03_771%
ZL xTE1_2e22
ELEJEQ3_120€2
ELEJEQ3_1034%d
CLEISE1_1%302
SLEISE1_ 2554
cLE2E803_101074
GLEIE03_137617
GLEJEDI_14%E26€
srEgEEl_1
SLEQ%E1_13a@81
SLEQEA3_11E477
ELEJSEL_JE1E
CLEISEL_3I&57
CGLIJEQI_11331F
GLE2803_ 137740
GLEIE03_11213%
SLEQEE1_%72
cLEgEga_22327%
cLEgE03_137613
ELEQSEL_40%7
CLEJED3I _10330
CLEJEQ3I_13230
CLSOSE1_<31¢
GLEQE03_EEE7
GLEIEDI_14%73
CLEQE03_1€536
cLEISE1_3%57%
CLEQEDI_1€477
CLIOSE1l_1582
CLEJE03I _S31E2
CLEJEOI_114E1S

CLECDSEL_T727
CLECEDE_T771%
CLEDSEL_ZEZZ
CLEOEOX _1Z0E3
CLECOEOX _103S33
CLEDSEL_1502
CLEDSEL_ZISS4
GLECEQZI_101074
CLECEQ3I_137ELl7
CLSE0ED2 1S5EF
GLEDSEL_1
CLEDSEL 3401
CLEDED3_116877
CLECSEL_3E1E
CLEDSEL_3457
CLEDED2_113315
CLECED2_127740
CLECEO3_11213%
CLECEEL_5732
CLECEDI_2227%
CLECED2_1276€13
GCLEDEEL_a0E7
crLECEDa_io220

CLEDSEL_&316
crLEoeDa_seay

CLEDEDI_1ES52E
CLEDZEL_3T7E
CLECEDI_1E477
CLECERL_1SH2
CLECEDI_SX1E2
CLEOEOX _11&ELX

CLEOSEL_T727
CGLI0OEQE_T7715
CLEQCSEL_ZEZ3Z
GLEDEO3_12063
GLEDEDI_103454
CLEDSEL 1503
CLEDSEL_ 2554
CLSOEO3_101074
CLEDED2_137617
CLECED3_LISEE
CLECEEL_2
CLEDSEL_2401
CLECED3_116477
CLEDEEL_2818
CLEDEEL_24E7
GCLECEO2_112215
cLECED2_127740
GLECEDZ_11213%

CLEOEDZ_127€12
GLEDZRY_&0%7
cLEDEDI_L0330
cLECEDI_1X230
CLECEEL_&31E
cLECEDI_BERT
cLEoEDI_12373
CLECEDZ_LESIE
CLEDSEL_3STS
CLEDEDZ_LE2T7
CLEOSEL_LSEZ
CLEDEDZ_SE1E3
GLEDEDI_11&E1S

Appendices

CCAT SO ooeS oA S TICICIS-———

=L e eI oI oSS ITICCIC G-~
-CESTCTISIICSSTICCTICTO

—

STCSTSSZSTTOSTET
—— IO ST TS CACTITCTAT I IS ===

CAmmmm e ——————
AE-
(=~

=IITCCICICoARRTICEICICI o=
- TR AR R TS T O TS

= L=

e == L=

TATECASOSEETT 4244

e S TR TR TATGSASCST 2033

218z
— - e SO T A S - RSO, ZTII

2305
154
2151
1312
1l2e
2226
g2
2178
TEE2
1242

==STTCCTATS 2424

TTCCICT
STICCICTS

222¢
1174

1850
145E
1453
1483
<287
17C4
1704
1716
= A TCCTAC A T e e e s s s ee e e eee=TCTE 1T1E
—————————————————————— A GG AGEC T G - e m e m mmmwwwwTTTE 1767

T -
A AR T AT I T oI oA A D S oA AT A DA IAT S

e R TR AT T T TS =

336 |Page



cLEgEe1_727
cLI0Ega_771s%
CLEIEE1_26232
_123&3
_1034%54
CLS0SE1_15332
GL52581_2554
GLS0a03_1014a74
&L50a03_137617
20803_1428€

_11331%
GLS0E03_137740
GLE0E02_11213%
cLE0sSR1_S72
cLE0803_33275
CLE0E03_137€13

CLETBO3_BERT
GL50@03_14573
GLS0a03_1e€536

GLSI581_727
GLS0803_7715
SLE0s81_2€22
SLE0a03_120€3
CLE0B03_103454

cLI0SE1_28%4
CLE=0B03_101074
CLEDBO3_137€17
CLEJBOR_145EE
GL5I581_1
GL50581_2401
GLE0803_11€477

CLEIED3I_113113%
CLEJEB1_X72
SLSCEDI_3337F%
SGLS0@803_137613
CLEQ0SE1_4057
SLE0a03_10333
cLEga0a_1s=2s53

CLEDBOI_1£%3E
CLEQJEE1_3IX7%
SLSIECI_18477
CLE0SE1_1582
CLE0@03_551€2
CLEQEO3_114815

cLEOEEl_727
SLEQROD2_T71E
SLEOXEL_JE22
SLI0EQ3_1IC0e3
=nI0ER3_LlO03s54
cLEgsEl_1502
SLEQZE1_25%54
GLEQ202_101074
SLEQORO2_127ELT
CLEOEOI_L4ZBE
CLEQEEL_L
CLEOSEL_Z&01
SGLEOEOI_L1Es77
cLEQSE1_ 2818
SLEQZEI_34%57
SLEDEOI_11221%
GLEDREO02_127740
CLEORO3_11213%
CLEOEEL_372
SLE0ED3_3327%
SLEQEQ3I_137El3
cLEQSEl_s057
crLEgEnI_10220
cLEDEDI_1%232%0
CLEOSEI_&31E
SLEQEOD2_BEERT
CLEOEQE_14372
SLI0ER3_leF2E
CLEQEE1_3575
CLEQRDI_16477
cLEgZEl_ls82
cLED2D3_SElE2
SLEOEOI_114B81%

Appendices

TATACRATCACSICATCACTTITTICON -~
CETeeeCICASTTOACRACTTTT AN -~

A A AT AT S T A TR SR T U, o o o s s s e
TARESS AT AR R T S T T T AT T A S A S T AT ATEAT AACARDET A
COARSSECT,
COARSSOSTAS--
CARRRSOCTAS--
COARSEOCTCA-
ASOCACAATER---
AR AT A -
AR E O T AR = -
A A ST T O A o TARCT OO T T E - -
A T O L O A T T AACA ST T E R ==
COARSSEATAL
COASOASOTAR=—=
TOARCANSTAS-~
COARSEOCTAS--

- - I 4 |

csmsssssssemeememees 1EIE

o T —— ———-
TS ACCAR ST T A A SO T SSTOARSAT I TASSANCSTCOATCACTOCTICTACARAS 423487
TEOCATCCIGe eI I OO CAG ST oo ST AT ICOCARASCOCASTETAS ——————————————= 1745
TEOEATCCTCe oI T IO GA G ST e oA T AT IC TEARACASCASCETAR ——— = 1745
TEA-
TE=m—————
TATASOZATTICA-

A AR oA DAL OO LD Do ACATATCCATARTTOTECT

TISTSSTISCICTASTZATT 4407

A A IR AT AT I I TR T C T e AR TIOS I CATCARACCTOLCTCCARSTICACSS 4567

337 |Page



b =

&

c
bl

GLEQERL_727
CLEQEO2_771E
CLEQEZRL_2E22
SLIO0E02_120E2
CLEDEODZ_103454
CLEDZEL_1502
CLI0ZBEL_I534
CLE0RO2 101074
CLEORO2_ 127617
GLEORO2_ 145826
cLEpzEl 1
CLEDEEL_3401
SLIOEOD3_11E477
CLEDZEL_3BlR
CLEDZEL_3457
SLI0BE03_11331F%
CLE0R02_127740
GLEORO2_ 112125
GLEQERL_E72
CLEDED2_2227%
GLEORO2_127E12
CLIOXAL_&0%7
CLEOEO3_10330
CLEOEO3_15350
GLIDSEL_&3Il1E
GLIDEQ3_EeR7
GLEORD2_14572
GLEORD2_1E526
CLEQEZEL_2E7E
GLEORO2_1E477
CLIOXAL_1582
CLE0BEO0X_S31E2
CLEDEOZ_11&E1S

CLEDER1_727
CL50BD3_7715
GLI0SB1_2E€33
GLITEC3_13083
SLETBE02_103454
GLEDERI_1302
L
CLEDBD2_101074
GLEDBD2_137617
GLEDEOI_14526
CLEDER1_1
CLI05R1_3401
CLE0BD3I_11E477
GLE:EBI_;BIB
GLS0581 3457
sLIgEII_11331%
GLEDBO2_137740

i Al

cLIoE
GLI0EE1 4316
GLE0ED3_gEE7
GL50803_14573
GLE50803_16536
CL50581_23575
CLE0BO02_16477

Appendices

R S AR AR TSRO A T A AT TEAT CACEETARAT RSO SANGATECTCNT Q527

338 | Page



Appendices

Appendix XIl:

CLustalW sequence alignments of the conserved secreted hypothetical protein
coding genes. All the GL50581_ accession numbers represent GS isolate proteins

and all the GL50803_ represent WB isolate proteins.

CLU3IAL 2.1 multiple =eguence alignment

GL50581 2767 ATEAC-CEACAGECCTAGC ——————— CRLEAEEAT— 27
ELEUHUQ:EEEE ATERC-TEATAGACCEAGT ——————— CREEAGEAC—— 27
GL50581 352 ATGICGECECTIGEACCITOCIGOGEIGCITFAGRACEAE 38
GLEUHUQ::I.EEEE AT LI CACECIGEACCITCCIGCOEEIGCITGAGEACEAE 28
=L30581_4184 ALEC I LI I GG T I T eI O RO ECTAT T CCECICITCFL FCCCT GAGEEAGRA €0
FL50803_113038 AT CCI G T ACI T CIT EE I CCIAGCEEEEITCCICICCECEIGOCCCEAGEECERR €0
EL30581_4133 AL GELLGATCCCAAGCITAT CEAGCT CARCGABEETG—— 37
GLEUEUE_EEZU] ALGELFEAT CCTAACCI TAT CRAGCT CAACEAREECE—— 37
- a aa
ELE0581_27&7 CLCEAT EAGCLECAGCE CEAR AT 50
EL30803_5234 CLTEAC EAGCLECAECE CEAR AL 50
GL50581_a3s2 CICEEE GACAGECATCCGEEITCEEEEACTCARCTART 75
GLEOA03_1€s522 CICGEEE GATAGGECATCICEITCEEEEECTICARCTART 75
GL50581_4180 AL ARG LA ARG FCIAT CCACCEFOCIGOCIATICFACCGFEACEFICTFOGLE 120
GL50803_1130328 AL ARG C A FR AT FCIACCCFRAGFOFIFOFICITCFRACGFRARCAGICTIFOELF 120
GL50581_4133 CAAAGD ACATAGCTACTATIGCATAC-~=======CT £5
GLE0A03_S810 CAAAGC ACATAGCIACIATCRCFIAT == =======T £5
L LY - bl . - - . .
GLEOS81_27&7 FRALAAF-=======-=-ARFFAFFCARAFFCCARG - === === mm s mm s s e m e m———= 7§
GLE0B0a_ 5258 FRACARF-========-AAFFAGFlARAFFCCARG -~ == s s e e e mmm————— T8
GLE0S8L1_as52 ARTCACT=========-LAFARAT CARAT I CARAIFF~— === === = mm e e e e m——— ]2
GLE0BO0S_1&522 ARTCACC-========-TAGARAT CARAI I CARAI G~ === === === === e e e e ———— ]2
GLEOSA1_4180 L AR AR TG CAT G F I GAAC AT IGCI AT I FOGAT AT FFCIACAGACIGICGRAL 180
GLE0A03_ 113038 FE AL FFEE L Sl CA G F I AR AT IGCIAI T FIGACGACFFCIACAGACIGICGAAL 100
GLEOSA1_4133 GRAIGAA=========AAGEECl AT CCAGACAGLF- === === e e e e mm mm——= G
GLE0A03_S810 GRACEARG-=—=—===—==-ARGFFECIAICCAGRTARCG-—— - === === === === === 51
. f a
FL303AL_2767 RREECOFGRA -]
GLI0B03_5238 RAGEFCCEEES -k
FLI0581_3352 TLLATAGIAITAITGES 115
GLS0B03_1€522 T T e 115
GL50581_4180 GCIGEARTGCACACCATICS e el FEEC FIGECGACCATEES 240
FL30803_11a0a8 e T R e T e o R I G L A AT A AT GEEECITSICIGOEEOGAT R EEET 240
GL30581_4133 RECCCACE 55
SLEI:IEI:IE_EEII:I ARCCTACE S5
GL50581_27&7 TRCCTTITITRARCRGEECC 102
EL30803_52354d TECCCITCARTAGRECE 102
FL30581_a52 TRCEATSICICAGEEAC 136
GL30803_1&322 CREECT-TCOCCAGRATA 1335
GL50581 #1840 AT G A LG GAC GG ITT AT GOCI CIGCCAGEAGEECTACACRAGCSTC 300
ELEUEUE:ilEUEﬂ LI GCAARRGEEECCCERATEECITIICCIGCECITECAACAAGEECTACACRAGCETC 200
GL50581 4133 ACTEITCOETATIC 113
GLEUHUE:EEIU RCTETCCTETACREC 113

-
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CITEICRTG———————— GCCRAGECRCECATTATACCC
= L . L3 L L3 =
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GRC ARTRECEERGEAGRC——-TECAGE—ERRAGCOCEERE
GGG I T AT eI AT I T I ARG TR AR A G AR A O ———CEACERCTTCERTETE
EREEEC TR TR AR T GG ERE R TTACCR R GER A CE———EEERERCTTITGRACETR
A TG EI IO T AT G AT T A G CCEEA CER R CEATT CTAGCCTGCAGIREC
AL T LI T T A T T O F T R O G R CEA TR EER TCET EECCTECRAECERT
A EEEC RGO RGO T OGO EERCEIGT GEI AL G———ATCRGRTATCTARETE
CR T R AR R I T TR ER T T T G T RO ———ATCRERTATCCR R TR

a aa. e -
C-CaECCC GCTECTE GREETAGTCELT
C—-CCRCCT GOCGCEE—————GEEEARGCCEIT
CETCRRGEE CECECRE GREECCRTCITT
CECCARGES GCOCRCRER GREECARTCITC

R R L T GO R G T T LT I TACT GO CEA T CECTTTEREEECERCETC
R T OGO R R A A R O TR O T R I G CEAGEECIT T RRAGEECERCETC

CITCRRGESR CTEETECCTCCERCCCRGACRTE
CITCRRGESE GLEELECEFICTERCCCEEACRTE
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ELE05H1_352
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ELS0803_5810

EL50581_ 3767
EL50803_S5258
EL50581_352
EL50803_16522
FL50581 4180
EL50803_113038
FL50581 4133
EL50802_5810

FLS0SE1_2767
ELS0803_5258
EL50581_352
ELS0A0_16522
EL50581 4180
ELS0802_113028
EL50581 4133
ELS0803_5810

EL50581 2767
EL50802_5258
EL50581_252
EL50803_1£522
FL50581_4180
EL50802_113038
EL50581_4133
£L50802_5810

ELS0SHL_2767
FLs08d3_s258
ELS0SH1_352
FLS0803_16522
ELS0SH1_4180
FLS0803_113038
ELS0SH1_4133
EL50803_5810

TTECT-ECCRRRE——
TTECT-ECCRAGR——
GATCITRERCETAC——
GRECTCERCETEI——
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————— CECCECREERACEATERTE————————————RCERTEACET- 207
————— CARTCCCRRGRCGARERTEACRARCERCEATRRACERTEAGT - 315
————— CARGCCCRCRRGEACETCCECATTCRGTGEATRAGRCTTIT - 445
————— CEECCRACCRACEATEI COCTETCCRGTGERTRGRCTATT - 445
TR T AT AL LT AT TR T E O G R R CEE R CECECTRCTTOGRGEECCACTEICTE 740
TR LA R R T T AT CEACT GO G CAGETACGCECIACTTIGAGEFICAGIGIGIE 740

GLECIGCITEIGE——————— CLGAGATAGRAGAT AT OG- ——COOGECGCATCRRRRRATTE 255

GIGECIGCITEIGE——————— CCGRERTCCRGEAT I CE——-CCOGECECATCRRGRATTE 255
- - = - - R i

IR 20s

AR 221

ATAGATRE 452

LCRGATERE 453

A AT EECIECAT I T CCEACEERCATEIFI AT GEEEECCACEEEAACTTECRCCRRAC G40
AR TG AT IO CCERCEERCACGICTGOEEIAACCRCGEEFITIGCGCRERC 40

3

-3

A5

a

356

GRCECTTECATTT R CEATEECTACERCATCRTTEATRARCRRCECTTECOETETCETCC 200
AR AT TG R A O A G EEETACCAGCT CATCGATAAGRRCEFICTFCATECCATCC 500

BRI TG I CRRT GEARAGEICTGCCCFIAT GERRCOFT GOGRGOECEACGERATEICC 560
AR TR T OGO R CEEAGAGEIEIECCCGTACGEERCATFIGAGOGTGRAGETATEICC 560

TEEE AT GG AT EC O G CAGACTACGAGCTCTACRACEECARCTGCTACCCTCACTCC 1020
TR LTI TGO E AR CTATET GO CCTRECR AT EECRRETECTACCCOCRATTCC 1020

T TR AT FI CCIT A R AT EER A CCCCERGCICT FITCAGRAGRAGEECCAGTEC 1080
T AT AT T O R A TECRCATCCCR R ECTCTECICTEEACTEEECCARTEC 1080

GRTATGERE RGO I CEATFCACTTECCITICTARCTATGITEERRCFTATT AT CAGRRZE 1140
ERCATGEAGGCICECCECTFCATCTGOCTCICGRTARCTACGERRACRTATTECCAGRERE 1140
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TR A CECICITCTACT CARTEATACGAT ECCICGCECTIGCCIGTGTARGTTAT 1200
TR AT AR C I CCAGAT ORI GARAGEIGOGICICEITAT CCIGCATARGITAT 1200

ERT T AT G A A OO ITEA T T EACEEACECEEEEARTETATREECCTCCATEITE 1260
GRTGCCRATGEE R A ORI TEAGT G AGCEEECRATGEAGECTEOFITSITICCITITCR 1260

G ERCTACC T CAGERR CTATACRTTTAT T GRETTEFITATEEIGEITACITTECICTC 1320
GrRGARCE TR RATTATAACTTI CIT T GCGACTGCAAAGRTSEETACCITECOGITA 1320

GARTACR R TECRECCATEFICRRTTGIT T ERRTRARCEATCITICCCT CARGOCTATC 123480
CRALCREETRCRTETRCCCACT TR RETEOCTARRTCECEATCTTTOCITCARRCCCATC 12480

T RGO CI T AT T I I I LGOI G EEECICIGOCTSICCAGRGEECTATACT 1440
TELRGIEECEITEECITCIGI T CGEACCCEREERITSFIGIATEICCCEAGEECTRACAGT 1440

GEACLE L TR L GO EERE T T CCTER A CET CAGRCRECEFTCATGECOCTEEEEE 1500
FETACEC I GA R R G RR R T ECCC I A AGECCRAGRCEECRFITCIGECCIGEEEC 1500

T I GA T G eI CACGEERFIATT CI AT GECEFITARRCGEEIATGCOGCRAGED 1560
T e AT eI AITACT R ATAT ECACRCEETCT CCEECECEITICIECCEEE 1560
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FL30581_27&7
FL508023_5254
GL30581_352
FL50803 16522

GL30581_21840 TICEEECACTETATRACAGRATARTERAT GITECT CAGTECCACTECRRCEEAGCOECCRAE 1620
ZL30803_113038 T CEEACR T GCAT AR R C R GER CEEAGI T LI CGEIGCCECIGCARCERAGRAGECAGRE 1620

ZL30581_3133
ZL30803_58140

ELS0SE1_27&7
ELs0803 5258
EL50581_352

GLS0B03_16522
EL50581_4180 CTCATCRACGECET AT GoACAECACCEECATECATCCRAGCTCACEGARCTETTIGOARA 1680
GLS0803_113038 CTCATTEACGETGITTGCACARCCCCGECETGCATTGRGECCEATGEARCTGIATGIARG 1680
ELS0S81 4133
ELS0802_SA10

GLSOSEL_2767
ELs0803_s238
GLSO0SH1_352
ELS0803 16322
ELS0SE1_4180 BETAGAGCTACTTCICECEATGEGECTTCITICTATCETAACTAG 1725
FL50803_113038 GCAAGAGGEATCIGCCGTCACGEAGCITGITICIATGRCAATIGA 1725
ELS05E1_2133
ELS0803_S810
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