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ABSTRACT

The 235 kDa merozoite rhoptry proteins of the rodent malaria parasite
Plasmodium yoelii are encoded by a multigene family, members of which
are present on several of the parasite's chromosomes. The proteins have
been implicated in the specificity of red blood cell invasion observed for
different strains of the Plasmodium yoelii parasite. Although partial
coding sequence for two of the members of the family, designated E3 ?nd
E8, has been previously described, the entire coding sequence for a member
of the multigene family has not. |

In this thesis, the complete coding sequence for the E8 gene is described.
The sequence was obtained by the construction, and subsequent screening
of, a Plasmodium yoelii YM genomic library. The structure of the gene is
similar to that seen for many Plasmodium genes, with an intron separating
a short signal sequence from the main body of the coding sequence. The
intron is bounded by consensus eukaryotic splice sites at its 5' and 3' ends.
The putative signal sequence itself contains all the features associated with
a classical signal sequence, with positively charged residues followed by a
largely hydrophobic core bounded by charged amino acid residues.

In addition to the E8 gene, partial sequence encoding three other members
of the multigene family was obtained. Each of these had an extremely high
homology to the E8 gene. All of the members of the gene family
demonstrated sequence homology to a family of Plasmodium vivax
reticulocyte binding proteins - PvRBP-1 and PvRBP-2. The significance of
such homology is discussed, as well as further similarity to an integrin

homologue protein of Saccharomyces cerevisiae.
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INTRODUCTION
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1.1  Malaria - a historical perspective

Malaria is an infectious disease caused by parasitic protozoa of the genus
Plasmodium. The impact of the disease on the human race cannot be
overestimated. For example, summer epidemics of malaria in Europe
played a significant role in shaping the history of the continent. In 413 BC,
epidemics amongst soldiers of the Athenian army led to their defeat at the
hands of the Spartans. This resulted in the demise of Classical Greece and
the rise of Rome to become the dominant power in the region.

The disease has also resulted in genotype selection amongst a susceptible
population. For example, the mutation in the gene encoding haemoglobin
which results in the disease sickle cell anaemia has been positively selected
due to the fact that blood cells which contain the mutated haemoglobin
protein do not support development of the Plasmodium parasite.

The disease appears to have spread geographically following the migration
of man, with its wide distribution being largely attributable to the
adaptability and enormous breeding potential of its insect host, the
Anopheles mosquito. Arguably, the most vital discovery in the history of
malaria research was that of the British physician Ronald Ross. In 1897 he
confirmed the theory that the malaria parasite was transmitted by
mosquitoes, allowing the fight against malaria to continue on an
additional front, with the eradication of mosquitoes and their breeding
grounds being used as an effective method of disease control. Draining of
the Italian marshes to rid the mosquito of its breeding habitat has led to the

reduction and eventual absence of malaria in that country.
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1.2  Malaria in the present day

Malaria occurs throughout the tropical world and ranks as one of the most
prevalent amongst all infectious diseases. Four parasite species which
cause disease in humans have been identified, Plasmodium falciparum, P.
vivax, P. malarige, and P. ovale. The distribution of the species varies
from one endemic area to another, as do the clinical symptoms arising

from infection.

In India and Sri Lanka malaria infections are caused by both P. falciparum
and P. vivax, but severe and complicated disease is relatively rare in all age
groups. By contrast, in tropical Africa infection is almost universal in all
age groups, with severe disease mainly occurring between six months and
five years of age. Severe and complicated disease is caused almost
exclusively by infection with P. falciparum, the symptoms of which can
vary depending on the individual infection. Symptoms can include
anaemia, acidosis, renal failure, convulsions, and coma. Some of the
symptoms occur more frequently in infections in a particular geographical
area and with a particular age group. For example, organ failure is a
relatively common outcome of severe disease in adults from South
America and Asia, but is seen much less often in African children (Mendis

and Carter, 1995).
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1.3  Hypotheses of pathogenesis

In attempting to explain the pathology of severe disease, two main
hypotheses exist which should not be considered mutually exclusive. In
the first, the observed pathology is thought to be due to parasitised
erythrocyte adherence to the microvascular endothelium of the brain and
other organs via interactions between proteins on the surfaces of the two
cells. Vascular cell adhesion molecule-1 (VCAMS-1), intracellular adhesion
molecule-1 (ICAM-1), endothelial adhesion molecule-1 (ELAM-1, also
known as E-selectin), and CD36 on the surface of the endothelial cell have
all been implicated in the pathogenesis of P. falciparum cerebral malaria
(Berendt et al., 1993; Roberts, 1993). The main candidates for the parasite
ligands which mediate the interaction are P. falciparum infected
erythrocyte membrane protein-1 (PfEMP-1) (Howard and Pasloske, 1993;
Newbold and Marsh, 1990). This protein exhibits a high degree of clonal
variation (Roberts, 1993) and has been shown to be encoded by a large gene
family (Baruch et al., 1995; Smith et al,, 1995; Su et al., 1995). The gene

family will be discussed in further detail in section 1.9.1.

The second hypothesis concerns the induction of host cytokines during the
course of infection, in particular tumour necrosis factor (TNF). The
pathology observed in the brain in cases of cerebral malaria has been
postulated to be caused by secondary mediators of TNF action such as nitric

oxide and oxygen free radicals.

Several studies have recorded a correlation between TNF levels in the
plasma of P. falciparum infected individuals and the severity of disease
(Grau, 1989). TNF-o has been demonstrated to be a pyrogen in P.

falciparum infections, as treatment with an anti-TNF-o0 monoclonal
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antibody led to a decrease in body temperature (Kwiatkowski, 1993). It
should be noted that other cytokines, notably interleukin-1 (IL-1) and
lymphotoxin, can produce the same effects as TNF-o. (Rockett, 1994) and

their involvement in malaria pathogenesis is being investigated.
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1.4  The life cycle of Plasmodium

The Plasmodium parasite requires two hosts to complete its life cycle - an
insect host (the Anopheles mosquito), and a vertebrate host. The parasite
is transferred from one host to the other by the bite of the mosquito when
it takes an infected blood meal from the parasite's vertebrate host, or when

an infected mosquito injects sporozoites into the vertebrate (Figure 1.4.1).

The erythrocytic asexual life cycle is initiated when merozoites are released
from infected hepatocytes. These merozoites quickly make their way into
the bloodstream of the vertebrate host and invade red blood cells almost
immediately. The exposure of the merozoite to the host's plasma is
therefore transient. The asexual blood stage of the life cycle is responsible
for the majority, if not all, of the clinical symptoms which present in cases

of severe malaria.

It has long been realised that the invasion of red blood cells by merozoites
and the subsequent rupture of the red blood cell to release further
merozoites is a crucial sequence of events in the life cycle of all species of
Plasmodium. If the invasion of red blood cells could be prevented or
interrupted by some means, the asexual cycle of the parasite would be
broken and the infection effectively terminated. A detailed understanding
of the merozoite and its component proteins is therefore crucial if this aim

is to be achieved.
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Figure 1.4.1 The life cycle of Plasmodium

An infection with Plasmodium is initiated when a female mosquito
of the genus Anopheles takes a blood meal from a vertebrate. The
sporozoite stage of the parasite is present in the salivary glands of an
infected mosquito and is transferred into the bloodstream of the
vertebrate host upon feeding by Anopheles. Sporozoites can exist
extracellularly in the bloodstream for a maximum period of one
hour, and therefore quickly invade parenchymal cells of the
vertebrate's liver, where they develop into multinucleate tissue

schizonts. In the course of up to two weeks, each tissue schizont
divides to form at least ten thousand merozoites. The intrahepatic
stage of the Plasmodium life cycle ends when the infected hepatocyte
ruptures to release the merozoites.

Merozoites invade erythrocytes in the bloodstream. Upon invasion,
the parasite undergoes morphological changes as it progresses
through the ring and trophozoite stages. The trophozoite stage
develops into a multinucleate schizont which gives rise to
merozoites which are released when the erythrocyte ruptures.

These merozoites invade further erythrocytes, to perpetuate the
asexual erythrocytic cycle of the Plasmodium life cycle.

After invasion, some merozoites develop into male or female
gametocytes which, when ingested by an Anopheles mosquito,
develop into gametes in the mosquito midgut. The sexual stage of
the parasite's life cycle occurs in the mosquito's gut where haploid
gametes unite to form a diploid unicellular zygote. The zygote
develops into an ookinete which penetrates the intestinal wall of the
mosquito and develops into an oocyst. The oocyst undergoes
sporogony, which results in the release of ten to twenty thousand
sporozoites. The sporozoites migrate to the salivary glands of the
mosquito where they are transferred to the vertebrate host upon
feeding by the mosquito. |



VERTEBRATE

merozoite
Trophozoite

Invasion Immature

of R8C schizont
Mature
schizont

Erythrocytic
Schizogony

Erythrocytic
merozoitf
Gametocytogenesis
Macrogamétocyte Microgamétocyte
noculation of sporozoite
Macrogamete Microgamete

V jyy Maturation in salivary gland

Sporogony on Exiiageiiation

. Fertilisation
Ookinete

INVERTEBRATE

Source: Critical reviews in oncology/hematology 8(4) 255-311; G H. Mitchell, and L.H Bannister.

{lm)



INTRODUCTION
Chapter One

1.5 The merozoite

Merozoites are released from the hepatocyte, and on invasion of red blood
cells are immediately transformed into the ring stage of the parasite. The
merozoite is oval in shape and measures approximately 1um in diameter
and 1.5um in length. It contains many organelles in common with most
eukaryotic cells, such as a nucleus, mitochondrion and ribosomes. In
addition, it contains rhoptry organelles, micronemes, and dense granules
at its apical end. These are specialised organelles which are thought to play
a vital role in invasion of red blood cells by merozoites. These apical
organelles are present in the invasive stages of other Apicomplexa
parasites, such as tachyzoites of Toxoplasma (Nichols et al., 1983). The
rhoptry organelles of Plasmodium are club-shaped and approximately 300
nm in diameter (Etzion et al., 1991). The rhoptry organelles are synthesised
de novo in each cycle of intraerythrocytic development of the parasite, but
most rhoptry proteins are synthesised at least 12-16 hours before they are
compartmentalised in the organelle (Etzion et al., 1991; Jaikaria et al., 1993).
An organelle which is unique to Apicomplexan parasites is a plastid-like
organelle whose function is currently unclear. It contains nucleic acid
which appears to be related to that possessed by green algae, suggesting a
possible endosymbiotic origin for this organelle (Wilson et al., 1996). The
merozoite possesses an electron dense surface coat which is lost upon
invasion of a red blood cell. Microtubules beneath the plasma membrane
of the merozoite are thought to be responsible for maintaining cell shape,
but they may also be involved in providing the propulsive forces required
for invasion. An ultrastructural view of the merozoite is shown in figure

1.5.1.
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Figure 1.5 Ultrastructure of the merozoite

The Plasmodium merozoite is oval and approximately 1pm in
diameter. It is surrounded by a double lipid bilayer and a thick
surface coat. Beneath the inner plasma membrane is an array of
microtubules, possibly functioning as a cytoskeleton. The merozoite
has mitochondria, a nucleus, and specialised apical organelles called

rhoptries and micronemes.

10
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1.6  Invasion of red blood cells by merozoites

The dynamics of invasion of erythrocytes by Plasmodium merozoites was
first studied using an electro-optical system to observe the interactions of
the two cells (Dvorak et al., 1975). From the analysis of these images, a
theoretical model of invasion could be formulated. This suggested that
free merozoites come into contact with merozoites by chance, and correctly
oriented contact leads to the attachment of the merozoite to the erythrocyte
surface by interaction of specific parasite receptors on the apical end of the
merozoite and erythrocyte membrane ligands. Deformation of the
erythrocyte membrane occurs and the merozoite enters the erythrocyte by
producing a localised invagination of the erythrocyte membrane.

Following invasion, the erythrocyte membrane reseals.

This hypothesis was proposed in 1975 and is still generally accepted,
although more recent discoveries have enabled more details to be added
with regard to the molecular mechanisms involved at each step of the

invasion process.

1.6.1 Initial attachment of the merozoite to the red blood cell

The merozoite initially attaches to the surface of the red blood cell via
fibrils on its surface coat. This can occur with the merozoite in any
orientation. The merozoite then reorientates so that its apical end is
against the red blood cell surface. Entry of the merozoite into the red blood
cell can only occur once this reorientation has occurred. Identification of
the molecules on the merozoite surface responsible for the initial
attachment has focused on polypeptides which are uniformly distributed

on the merozoite surface. Most of the polypeptides are derived from
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merozoite surface protein-1 (MSP-1) (Holder et al., 1987; McBride and
Heidrich, 1987) although other proteins have been identified, for example
merozoite surface protein-2 (MSP-2) (Clark et al., 1989), MSP-3 and MSP-4.

MSP-1 in P. falciparum has a molecular mass of approximately 200 kDa,
and has been demonstrated to bind to red blood cells (Perkins and Rocco,
1988). The protein has been identified in all species of Plasmodium
examined. The large precursor molecule is processed by proteolytic
cleavage on the merozoite surface to form a complex of four non-
covalently linked polypeptides (Holder et al., 1987; McBride and Heidrich,
1987). This processing is referred to as primary processing. Secondary
processing of the 42 kDa component of the MSP-1 complex into 33 kDa and
19 kDa fragments occurs on the merozoite surface. After this processing
occurs, the entire complex is shed from the merozoite, excepting the 19 kDa
polypeptide, which remains attached to the merozoite surface via a
glycosylphosphatidylinositol (GPI) anchor to the plasma membrane
(Blackman et al., 1991).

It has been suggested that secondary processing of MSP-1 is an absolute
requirement for invasion of red blood cells by merozoites. The 19 kDa
polypeptide of MSP-1 contains two epidermal growth factor (EGF)-like
modules which may be exposed upon processing, allowing interaction
with red blood cell membrane ligands. It has been shown that an antibody
which recognises the first EGF-module can block the binding of MSP-1 to
red blood cells (Chappel and Holder, 1993) suggesting a role for the EGEF-
modules in red cell binding. Further evidence for this came from
experiments in which mice were immunised with recombinant protein
containing the two EGF-modules of P. yoelii MSP-1. These mice were
significantly protected against subsequent challenge with P. yoelii parasites

(Daly and Long, 1993; Ling et al., 1994) again emphasising the importance of
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the EGF-modules of MSP-1 in the process of invasion of red blood cells by
merozoites. However, monoclonal antibodies that block invasion appear
to do so by preventing the secondary processing of MSP-1 (Bl ackman et al.,
1994), suggesting an alternative mode of action of invasion-inhibiting

antibodies.

1.6.2 The role of the rhoptries and other apical organelles

After recognition of specific erythrocyte ligands by receptors on the surface
of the merozoite, some kind of trigger is thought to cause the exocytosis of
the contents of the rhoptry organelles situated at the apical end of the
merozoite. The nature of such a trigger is unknown, but it is possible that
an increase/decrease in the concentration of a signalling molecule such as
cAMP, inositol triphosphate, or calcium ions within the merozoite may be
involved. Release of the contents of the rhoptries and/or micronemes is
thought to lead to the irreversible attachment of the merozoite to the
erythrocyte membrane via a tight junction. Release of the rhoptry contents
may also lead to localised displacement/dissociation/disaggregation of
certain erythrocyte cytoskeleton components such as spectrin, band 4.1 and
band 3. Such changes in the erythrocyte have been postulated to increase
erythrocyte membrane deformability and allow invasion of the red blood
cell by the merozoite. It has been shown that erythrocytes with mutations
in spectrin and band 4.1 show differing sensitivities to invasion by P.

falciparum merozoites (Facer, 1995).

How the contents of the rhoptries bring about this change in the
erythrocyte membrane is unclear. It is possible that the proteins are
inserted into the erythrocyte membrane and may enhance its fluidity. The

rhoptries have also been shown to contain lipids. These may be integrated



INTRODUCTION
Chapter One

into the erythrocyte membrane and could bring about changes in the
nature of the membrane.

It has been suggested that lipid components of the rhoptry organelles may
generate the parasitophorous vacuole membrane (PVM) (Bannister and
Mitchell, 1995). It may be the case that the PVM is not formed by a simple
invagination of the erythrocyte membrane. The newly forming PVM has a
much lower density of integral membrane proteins than the adjacent
erythrocyte membrane (Aikawa et al., 1981), supporting the hypothesis that
lipid components of the rhoptry organelles are inserted into the

erythrocyte membrane to generate the PVM.

1.6.3 Internalisation of the merozoite

Internalisation of the merozoite occurs within a membrane bound
vacuole. The surface coat of the merozoite is shed and remains outside the
red blood cell. Elements in the cytoskeleton of the merozoite are thought
to play a role in the internalisation process. Merozoites of P. falciparum
have been shown to contain two actin genes (Wesseling et al., 1988). One
of these is transcribed in the erythrocytic stage of the parasite life cycle and
has a sequence which resembles muscle actin (Wesseling et al., 1988;
Wesseling et al., 1989; Wesseling et al., 1988). Invasion of red blood cells by
merozoites can be inhibited in vitro by treatment with cytochalasins B and
D. These drugs act by inactivating actin-myosin based motility by binding
to F-actin. This has been demonstrated for P. knowlesi (Ward et al., 1994)
and P. falciparum (Dluzewski et al., 1992) merozoites. Another chemical
which is known to block actin based motility is Staurosporine, an inhibitor
of protein kinase. This drug has been demonstrated to inhibit invasion of

red blood cells by P. knowlesi merozoites (Ward et al., 1994).
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In the treatments with both cytochalasins and Staurosporine, merozoites
still attach to red blood cells and discharge the contents of the rhoptry
organelles, however there is no internalisation of the merozoite into the
red blood cell. Therefore, components of the merozoite cytoskeleton, in
particular actin, play an important role in providing the propulsive forces

required in the internalisation process.
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Figure 1.6 Diagram showing the different stages of erythrocytic
invasion by a malarial merozoite

A:  Initial attachment of the merozoite to the red blood cell
surface
Reorientation of the merozoite

C Contact of the apical end of the merozoite with the red blood
cell surface

D:  Invagination of the invasion pit

E: Closure of the parasitophorous vacuole

F&G: Expansion of the parasitophorous vacuole membrane

H:  Final transformation into the ring stage



Source: Critical reviews in oncology/hematology 8(4) 255-31 1; G.H. Mitchell, and L.H. Bannister.
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1.7  Apical organellar proteins and their role in merozoite invasion of

erythrocytes

The micronemes and rhoptry organelles are situated at the apical end of
the merozoite. Similar structures have been observed in all of the
invasive stages of the parasite, for example the sporozoite. Several
proteins have been localised to these organelles which have been proposed

to play a role in the invasion process.

1.7.1 Microneme proteins

P. knowlesi in primates and P. vivax in humans both have stringent
requirements in terms of the subset of red blood cells which their
merozoites are able to invade. Both of these species of parasite have been
demonstrated to invade red blood cells only if they possess the Duffy blood
group antigen. Red cell-binding proteins with a molecular mass of 135 kDa
have been identified in the culture supernatants of these parasites
(Wertheimer and Barnwell, 1989). The proteins were found to bind only
red blood cells which expressed the Duffy blood group antigen. The 135
kDa proteins were localised to the micronemes of the parasites (Adams et
al., 1990). It has been suggested that these so-called Duffy binding proteins
(DBP) play a role in determining host cell specificity of the parasite. P.
knowlesi merozoites will bind to Duffy negative red blood cells but cannot
invade them, as junction formation between the two cells does not occur.
The release of these, and possibly other, proteins from the apical organelles
of the merozoite upon initial binding and apical reorientation of the
merozoite may act as a final component in the determination of red blood

cell specificity for the parasite (Chitnis and Miller, 1994).



INTRODUCTION
Chapter One

A 175 kDa protein, designated erythrocyte binding protein-175 (EBA-175),
localises to the micronemes of P. falciparum merozoites and has been
shown to have a similar overall structure to the Duffy binding proteins of
P. knowlesi and P. vivax. This too has been identified as an erythrocyte
binding protein, its ligand being the sialic acid-containing glycoprotein

Glycophorin A (Adams et al., 1992).

1.7.2 Rhoptry proteins

1.7.2.1 Rhoptry associated proteins 1 and 2 (RAP-1 and 2)

RAP-1 and RAP-2 are found as a complex of at least three major proteins
(p80, p65 and p40) in the rhoptries of Plasmodium falciparum merozoites.
Immunisation of Saimiri monkeys with the purified complex led to the
protection of these animals against a lethal infection of P. falciparum
(Ridley et al., 1990). Further investigations showed that the 80 kDa and 65
kDa proteins of the complex were the products of a single gene, rapl, with
the 65 kDa protein being a cleavage product of the larger 80 kDa protein
(Ridley et al., 1991; Ridley et al., 1990). RAP-1is in fact synthesised as an 84
kDa precursor protein which is rapidly processed to the 80 kDa protein.
Analysis of the putative amino acid sequence of the rapl gene
demonstrates the presence of a putative N-terminal signal peptide,
suggesting that the protein is transported from the endoplasmic reticulum
to the rhoptry organelles. There are also stretches of amino acids which
could give rise to the formation of amphiphilic helices (Ridley et al., 1990).
Such structures occur in many proteins which interact with membranes,

for example &-haemolysin (Eisenberg et al, 1984). An interesting
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hypothesis suggested by such a finding is that, on release from the
rhoptries, RAP-1 could penetrate and disrupt the erythrocyte membrane to
allow invasion of the merozoite.

A possible dual role for RAP-1 has been suggested. Cleavage of a fraction of
the 80 kDa protein into the 65 kDa product occurs in late schizogony, just
prior to merozoite release from the infected red blood cell. Monoclonal
antibodies directed against epitopes adjacent to the p80-p65 cleavage site
have been demonstrated to inhibit merozoite release in vitro
(Harnyuttanakorn et al., 1992). The 65 kDa product of RAP-1 is entirely
absent from merozoites released naturally from intraerythrocytic schizonts,
is seen only in late schizogony and not in ring stages (Bushell et al., 1988;
Clark et al., 1987; Howard et al., 1984). It has been proposed that the fraction
of the 80 kDa RAP-1 which is processed into the 65 kDa protein has a role
in merozoite release from infected red blood cells, while the unprocessed
80 kDa protein has a role in the invasion of red blood cells by free
merozoites (Harnyuttanakorn et al., 1992).

RAP-1 may be non-covalently associated with a number of proteins
including RAP-2, a 76 kDa serine protease (Braun-Breton and Silva, 1988)
and a family of metalloproteases (Locher et al., 1992).

RAP-2 is a 42 kDa protein located in the rhoptry organelles. Like RAP-1, it
contains a putative signal sequence at its N-terminus. It has hydrophobic
domains which may be responsible for its association into the complex
with RAP-1 and in the lipid-rich environment of the rhoptries (Ridley et
al., 1991; Saul et al., 1992). Little is known about its function in invasion of

red blood cells or merozoite release.
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1.7.2.2RhopH]1, 2, and 3

The high molecular weight complex (HMWC) of P. falciparum rhoptries
contains three distinct polypeptides in equimolar amounts. These are
RhopH1 (150 kDa), RhopH2 (135-140 kDa) and RhopH3 (105-110 kDa).
Synthesis of the components of the complex occurs at the late
trophozoite/schizont stage of the parasite life cycle, and the HMWC is
formed within the cell long before organelle formation in the segmented
schizont occurs. The HMWC is released from the rhoptries of the
merozoite at the time of invasion of red blood cells (Cooper et al., 1988;
Coppel et al., 1987; Holder et al., 1985; Lustigman et al., 1988; Sam-Yellowe
et al., 1988). All three proteins of the HMWC have been demonstrated to
bind to erythrocyte membranes and preferentially to vesicles made of
phosphatidylinositol (PI) and phosphatidylserine (PS). Both of these
phospholipids are localised on the cytoplasmic face of the erythrocyte
plasma membrane (Perkins and Ziefer, 1994). The authors have suggested
that proteins of the HMWC may disrupt interactions between the
erythrocyte plasma membrane and transmembrane proteins, by
translocation of the rhoptry proteins across the lipid bilayer during

merozoite invasion (Sam-Yellowe and Perkins, 1991).

The gene which encodes RhopH3 has been cloned and shown to possess
seven exons (Brown and Coppel, 1991). Such a complex gene structure is
almost unprecedented in Plasmodium, although it is not uncommon for a
gene to possess more than one intron. It is not known whether the exons
represent functional domains of the protein, although this is not thought
to be the case. The N-terminus of the protein contains a signal sequence
which has been shown to be cleaved between positions 24 and 25 of the

amino acid sequence of the protein (Cooper et al., 1989). The protein
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contains thirteen cysteine residues which are all situated in the N-terminal
half of the protein and appear to form intramolecular disulphide bonds

(Brown and Coppel, 1991).

1.7.2.3 Apical membrane antigen-1

Apical membrane antigen-1 (AMA-1) is a rhoptry protein of unknown
function. Analysis of the amino acid sequence shows that it contains two
very hydrophobic regions, one at the N-terminus of the protein which is
proposed to act as a signal sequence, and the second near to the C-terminus
which displays a sequence characteristic of a membrane-spanning domain
(Peterson et al, 1989). Synthesis of the protein begins in mature
trophozoites and reaches a peak in segmenting schizonts. The 80 kDa
molecule is immediately processed to a 62 kDa form. Immunoelectron
microscopy studies have shown that AMA-1 is localised in the neck of the
rhoptry organelles of mature merozoites within segmenting schizonts and
in free merozoites, and subsequently appears to be associated with the
merozoite surface (Crewther et al., 1990). It is not carried into the host cell
on invasion. The redistribution of AMA-1 onto the merozoite surface has
been suggested to occur by release of the protein from the rhoptries at the
time of schizont rupture and integration into the merozoite membrane
(Peterson et al., 1989). The fact that the antigen is released from the
rhoptries prior to merozoite release from infected red blood cells has led to
suggestions that AMA-1 may play a role in this process (Crewther et al.,
1990).
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1.7.2.4The 225 kDa rhoptry protein of Plasmodium falciparum

The 225 kDa protein of P. falciparum was identified by Roger et al. A
monoclonal antibody which was raised against P. falciparum culture
supernatants detected both a 225 and a 240 kDa protein on Western blots,
with subsequent experiments showing that the 225 kDa protein is a
processed form of the 240 kDa precursor. The same antibody gave a
punctate pattern when used in immunofluorescence experiments on P.
falciparum erythrocytic stages. This pattern is indicative of the protein
being located in the rhoptry organelles of the merozoite. Immunoelectron
microscopy demonstrated that the protein was detected only in a particular
region of the rhoptry organelles. This could mean that the protein is
located only in this particular region, and suggests different functions for
different parts of the rhoptry organelles, depending upon the proteins
located there. This result underlines the fact that the rhoptry organelles do
not contain a homogeneous mixture of components, but suggests a
heterogeneous distribution of rhoptry contents (Roger et al., 1988). The

function of the 225 kDa protein is not known.

1.7.2.5The 235 kDa rhoptry proteins of Plasmodium yoelii

The 235 kDa rhoptry proteins of Plasmodium yoelii were identified in 1981
(Holder and Freeman, 1981). Screening of a panel of monoclonal antibodies
which had been raised against P. yoelii merozoites showed that several of
them reacted with the rhoptry organelles, as indirect immunofluorescence
assays with the antibodies on fixed merozoites gave a double dot pattern at
the apical end of the cell, a pattern characteristic of the rhoptries. High

resolution immunoelectron microscopy confirmed that the protein is
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indeed localised in the rhoptry organelles (Oka et al, 1984). The
monoclonal antibodies were demonstrated to immunoprecipitate a protein
with an apparent molecular mass of 235 kDa from parasite cultures (Holder
and Freeman, 1981). Plasmodium yoelii clones are lethal or non-lethal.
The YM line of the parasite will normally infect all types of red blood cells,
leads to a high parasitaemia in infected animals and is usually lethal. The
17X line of the parasite, by contrast, is restricted to reticulocytes and does
not usually cause death (Yoeli et al., 1975). Passive transfer of two of the
monoclonal antibodies into mice, followed by challenge with the YM
strain of parasite, led to the infection mimicking that of an avirulent
strain. Parasitaemia was shown to be restricted to reticulocytes and the
animals survived the infection. The 235 kDa protein was purified and
used to immunise mice, which were subsequently challenged with YM
strain parasites. Again parasites were restricted to reticulocytes, with no
observable infection in mature red blood cells (Freeman et al., 1980; Holder
and Freeman, 1981). These observations suggest a role for the protein in
determining the specificity of red blood cell invasion by the merozoite.

Experiments to investigate the fate of the 235 kDa protein within the
merozoite, from translation in the cytoplasm to its appearance in the
thoptry organelles have been undertaken (Ogun and Holder, 1994).
Brefeldin A is a fungal metabolite which has been shown to cause the
disassembly of the Golgi apparatus in mammalian cells (Klausner et al.,
1992). Treatment of cells with Brefeldin A thus prevents post-endoplasmic
reticulum processing events. Brefeldin A has also been demonstrated to
block protein export in Plasmodium falciparum (Das et al., 1994). The
treatment of P. yoelii -parasitised erythrocytes with Brefeldin A resulted in
a . noticeable decrease in mobility of the 235 kDa rhoptry protein on
polyacrylamide gels suggesting that the protein undergoes some form of

processing, probably proteolytic cleavage, and this processing is a post-
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endoplasmic reticulum event (Ogun and Holder, 1994). Other rhoptry
proteins in Plasmodium are known to be processed after synthesis of a
larger precursor molecule. RAP-1 in P. falciparum is processed from an 84
kDa precursor to an 80 kDa protein found in the rhoptries (Bushell et al.,
1988) and a 225 kDa P. falciparum rhoptry protein has been reported to be
derived from a 240 kDa precursor (Roger et al., 1988). These processing
events have been demonstrated to be reversibly blocked by treatment of the
parasites with Brefeldin A (Howard and Schmidt, 1995),

It has been demonstrated that the 235 kDa protein binds to the surface of
red blood cells (Ogun and Holder, 1996) but the ligand on the surface of the
red blood cell has yet to be identified.

DNA clones encoding a small part of the C-terminus of the protein have
been identified (Keen et al., 1990). The clones exhibited a high degree of
conservation of sequence, but were not identical. This suggested that there
was more than one gene in the P. yoelii genome which encoded the 235
kDa rhoptry protein, or highly related proteins. Further work has
suggested that there is a multigene family of at least eleven individual
genes (Borre et al., 1995) on at least six of the parasite's chromosomes and
situated at nine individual loci (C.A. Owen, unpublished).  The
significance and possible implications of such a gene family are discussed
in detail in section 1.9.2.

The isolation of two large genomic clones, designated E3 and E8, and the
deduced amino acid sequences of these, has enabled a putative structure of
the polypeptide to be suggested (Keen et al, 1994). The amino acid
sequence has indicated that the 235 kDa protein may adopt the structure of
a classical type I membrane protein, with a large hydrophilic ectodomain, a
hydrophobic membrane-spanning region, and a short hydrophilic tail

which extends into the cytoplasm of the merozoite.
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The 235 kDa protein first observed by Holder and Freeman has more
recently been resolved on low percentage polyacrylamide gels into a group
of polypeptides. Different polypeptides in the group were observed to have
differing reactivities with monoclonal antibody reagents (Ogun and
Holder, 1994). Whether this is because they represent products of different
members of the multigene family which may contain epitopes of differing
reactivity, or are modified products of a single precursor has not been

determined.

There is relatively convincing evidence to suggest the existence of proteins
analogous to Py235 in distantly related species of Plasmodium. P. vivax
reticulocyte binding protein-2 (PvRBP-2) is a high molecular mass protein
found in P. vivax merozoites (Galinski et al., 1992). Analysis of the
deduced amino acid sequence of the partial gene sequence of PvRBP-2 has
shown that there is a region of 500 amino acids which shows significant
homology to the sequence of Py235. This region shows an identity of 29.6%
and a similarity of 51.6% (Keen et al., 1994). Further analysis of the two
sequences has suggested a structural homology. Both proteins possess a
putative transmembrane region preceded by a set of short amino acid
repeats (Galinski and Barnwell, 1996). From this analysis, it would appear
that these proteins from highly diverged Plasmodium species belong to the
same family. The proteins are structurally and functionally similar, both
being proposed to play a role in determining the specificity of red blood cell
invasion for their respective parasite merozoites (Galinski and Barnwell,

1996; Galinski et al., 1992; Holder and Freeman, 1981).
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1.7.3 Reticulocyte binding proteins

In P. vivax the Duffy binding protein (DBP) forms part of the system
which determines host cell specificity. The Duffy blood group antigen is
present on mature as well as immature red blood cells, so the interaction of
the parasite DBP with this red cell ligand does not explain P. vivax
merozoites' preferential invasion of reticulocytes.

Two P. vivax proteins which bind to reticulocytes have been identified
(Galinski et al., 1992). The binding of the so-called reticulocyte binding
proteins (RBPs) to the reticulocytes of other primate species correlates with
the susceptibility of these species to P. vivax infection. The PvRBPs bind to
Saimiri monkey reticulocytes, which are invaded by P. vivax merozoites,
whereas they do not bind to rhesus monkey reticulocytes, which are not
(Galinski et al., 1992). They are relatively large proteins, with molecular
masses of 275-280 kDa, and are predicted to be largely a-helical in their
secondary structure. The localisation of the proteins has not been
determined. By indirect immunofluorescence assays both reticulocyte
binding proteins 1 and 2 (PvRBP-1 and 2) give a fluorescence pattern of a
cap or crescent which appears to cover the apical pole of the merozoite
(Galinski and Barnwell, 1996)

The entire gene encoding PvRBP-1 has been sequenced (Galinski et al.,
1992). In common with PvRBP-2 it also possesses a putative
transmembrane region and a short cytoplasmic tail. Interestingly, the
protein also has two RGD-motifs, which have been shown to be integrin-
binding sites for a number of proteins (Galinski et al., 1992; Hynes, 1987).
Whether these motifs are adhesive domains for PvRBP-1 has yet to be
determined. It is thought that the reticulocyte binding proteins form a
multimeric complex on the surface of the merozoite. RBP-1 contains

sixteen cysteine residues clustered in four regions, which could be
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responsible for the formation of intra- and intermolecular disulphide
bonds. It has been proposed that PvRBP-1 is a homodimeric membrane
bound protein and the monomers associate via interchain disulphide
bonds. PvRBP-2 is thought to associate with PvRBP-1 through non-
covalent interactions between the two molecules (Galinski and Barnwell,
1996)

It has been proposed that binding of P. vivax merozoites to reticulocytes
via the RBP complex of proteins leads to the release of the Duffy binding
protein (DBP) from the micronemes of the merozoite, and therefore
commits the parasite to invasion of the reticulocyte (Galinski and

Barnwell, 1996).
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1.8  Multigene families in Plasmodium

Several multigene families have been identified in species of
Plasmodium. The role of such families is becoming clearer, with roles in
antigenic variation of the parasite and the generation of receptor

heterogeneity.

1.8.1 The var family of genes in Plasmodium falciparum

There is considerable evidence that malaria parasites exhibit antigenic
variation, and that such parasite variability is a major factor in the
survival strategy of the parasite. Antigenic variation in the strictest sense
is defined as the regular replacement of the antigens which are exposed to
the host immune system. Antigenic variation at the surface of the
parasitised erythrocyte is associated with prolonged and chronic infection,
and also the capacity to re-establish infection in previously infected

animals (Baruch et al., 1995).

The proteins which are involved in antigenic variation of P. falciparum
are of diverse molecular masses, ranging from 200 to 350 kDa. They are
expressed, not on the parasite surface, but are transported from the intra-
erythrocytic parasite to the surface of the infected erythrocyte itself, hence
they are called P. falciparum-infected erythrocyte membrane protein-1
(PfEMP-1). Interactions between PfEMP-1 and various ligands on the
surface of endothelial cells are responsible for the adhesion of parasitised
erythrocytes to the walls of vessels in the brain and other organs. Such
adhesion is responsible for many of the symptoms of severe and cerebral

malaria.
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The evidence that PfEMP-1 is responsible for antigenic variation in the
parasite has been accumulating. Selection of parasites for changes in
cytoadherence characteristics is accompanied by changes in PfEMP-1
expression (Biggs et al, 1992; Magowan et al., 1988). Switches in the
antigenic type of a parasite were shown to be always accompanied by a
change in molecular mass of the PfEMP-1 protein, and a change in the
binding properties of the molecule (Roberts et al., 1992). Therefore, the
antigenic diversity of PfEMP-1 is correlated with functional diversity.
Different populations of infected red blood cells may adhere to a variety of
endothelial cell receptors including VCAM-1, ICAM-1, CD36 and E-selectin.
The structure of PfEMP-1 proteins which allow interaction of the parasite

protein with those of the host cell would be expected to be equally diverse.

PfEMP-1 proteins are encoded by a large gene family named the var gene
family. An upper estimate of 150 var genes per haploid genome has been
made (Su et al., 1995). Evidence that var genes encode the diverse PfEMP-1
proteins has come from a variety of independent sources. Four var genes
have been sequenced by Su et al. (1995). Analysis of the deduced amino
acid sequence of these genes showed that they possess structures
characteristic of cellular adhesion molecules, that is they have large and
variable extracellular domains, a single transmembrane segment, and a
conserved intracellular domain. Baruch et al (1995) expressed fusion
proteins of parts of a var gene from the Malaysian Camp (MC) strain of P.
falciparum. Antisera made against these fusion proteins recognised
PfEMP-1 in the knobs of parasitised erythrocytes. Interestingly, these
antibodies also blocked adherence of parasitised erythrocytes to the CD36
receptor, but had no effect on their binding to other receptors, for example
thrombospondin. This suggests that MC strain parasites express multiple

forms of PfEMP-1 with different cytoadherence properties. Further
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evidence for the differential expression of var genes has come from studies
into the switching of these genes (Smith et al.,, 1995). This work has
demonstrated that the switching rate of var genes is as high as 2.4% per
generation, and that expression of distinct PFEMP-1 antigens on the surface
of infected erythrocytes correlates with expression of distinct var genes.
The authors have also demonstrated that such differential expression of

var genes is the basis of antigenic variation in Plasmodium falciparum.

The mechanism by which the parasite effects switching in expression of its
array of var genes is not entirely clear. From studies in other organisms,
there are three basic mechanisms which are used for switching in large
families of surface antigens (Borst et al, 1995). The first is at the
pretranscriptional level. In this mechanism, the antigen gene which is
transcribed is physically replaced by another. This can occur either by
reciprocal recombination or gene conversion. The promoter of the gene
remains unaltered. Such events occur in the switching of expression of the
variable surface glycoprotein (VSG) gene family of African trypanosomes,
with previously silent VSG genes being translocated into active expression
sites which are situated near the telomeres of the organism's
chromosomes.

A second method for switching, which again is utilised by trypanosomes, is
at the level of transcription. The promoter of a silent gene is activated and
the promoter of the previously active gene is switched off (Borst and
Rudenko, 1994). The precise mechanisms by which such events occur are
yet to be elucidated.

A final mechanism is at the posttranscriptional level. The opa genes of
Neisseria contain pentanucleotide CTCTT repeats. Depending on the
number of repeats a given transcript contains, the translation products will

either be full length protein or truncated N-terminal fragments. It is
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thought that variation in the number of repeats contained in a given
transcript is a result of "slippage” of the RNA polymerase during
transcription of this region of the gene (Borst et al., 1995; Stern and Meyer,
1987). Other posttranscriptional controls could also be feasible. It is
possible that differential degradation of mRNAs of multiple genes could
occur to allow expression of different gene products. Such a strategy would
appear wasteful in the case of the var genes, where estimates of the copy
number in the parasite genome have been put at 150, which would
constitute 6% of the genome if all the genes represent full-length genes (Su
et al., 1995). However, it is not known what percentage of the genes is
functional in the sense of being capable of being expressed in the first place,

or whether all var genes are capable of being expressed simultaneously.

The evidence for the mechanism of var gene expression switching in
Plasmodium is limited. From what is known, it does not appear that
expressed var genes are invariably located at telomeric expression sites like
the VSG genes of Trypanosoma brucei. Nor are there any indications for
the activation of silent var genes by duplicative transposition into an
expression site. This leaves us with the transfer of var genes to expression
sites by means of a non-duplicative mechanism, for example reciprocal
recombination, or control of gene expression by transcriptional or post-

transcriptional mechanisms.

Su et al (1995) noticed a broad 1.8-2.4 kb band on RNA blots which had been
probed with exon II of a var gene. These products lack a consensus
translation start site and some also aligned with the intron of a var gene,
suggesting that these transcripts do not themselves encode protein
products. The authors have speculated that the transcripts may participate

in the expression or rearrangements of var genes. They have suggested
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that this family of transcripts could be involved in trans-splicing events
which have regulatory importance. It is also possible that the transcripts
arise from the initiation of transcription from internal promoters, which
in turn could affect transcription from regions upstream of the var gene,
i.e. the promoter whose activity gives rise to full length transcripts of the
var gene. The authors have also speculated that transcription of the small
mRNAs may correlate with accessibility of wvar genes to DNA
rearrangements. Such a scenario is not unprecedented and has been
observed in other systems. Transcriptional activity stimulates
recombination in certain yeast and mammalian genes (Nickoloff and
Reynolds, 1990; Thomas and Rothstein, 1989) and is also thought to
correlate with the rearrangement of immunoglobulin genes in

lymphocytes (Alt et al., 1987; Okada and Alt, 1994).

It is clear that the expression and switching of the var gene family must be
tightly controlled. While it is desirable for a repertoire of proteins to be
expressed on the surface of parasitised red blood cells in order for the cells
to adhere to endothelial cells and thus avoid destruction in the host's
spleen, if each parasite in a single infection expressed a different var gene
then antigenic variation would not work. The immune system of the host
would experience the parasite's entire repertoire of surface antigens and
the infection would be cleared, with no chance of a "successful" infection
subsequent to this. It is more than likely that the order of expression of var
genes is determined by a complex combination of both genetic and external
factors, as is thought to be the case for the expression of VSG genes in

trypanosomes (Borst et al., 1995)

Due to the diversity and high frequency of switching in the var gene

family, it is unlikely that they will form the basis of a vaccine strategy
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against malaria. The genes would only be useful if an antigenically
conserved region of the PfEMP-1 proteins was found. It is possible,
however, that the study of PfEMP-1 and the var genes could lead to the
design of chemotherapeutic strategies to reverse the adhesion of parasitised
erythrocytes to the endothelium of vessels in the brain to treat cerebral

malaria.

1.8.2 The multigene family encoding the 235 kDa rhoptry proteins of

Plasmodium yoelii

The 235 kDa rhoptry proteins of Plasmodium yoelii merozoites play a role
in the invasion of erythrocytes by the parasite. As has been mentioned in
section 1.7.2.4, immunisation of mice with purified Py235 protein, or
passive transfer of certain monoclonal antibodies raised against the
proteins, results in a subsequent P. yoelii YM infection being restricted to
immature red blood cells, rather than all erythrocytes as one would expect.
A cloned DNA fragment of a gene encoding a Py235 protein was isolated
from a DNA expression library by screening the library with serum from
mice hyperimmune to P. yoelii. This DNA fragment was demonstrated to
hybridise to multiple fragments in Southern blots of P. yoelii genomic
DNA (Keen et al., 1990). This result suggested that the sequence, or closely
related ones, was represented more than once in the parasite genome.

The number of genes and their variability was examined by PCR
amplification of a region which had been shown to be highly conserved in
the two gene sequences previously identified (Borre et al., 1995; Keen et al.,
1994). Amplification of the region followed by restriction fragment length
polymorphism (RFLP) analysis of the products, showed that the genes fell

into seven distinct categories, with distinct RFLP patterns for each group
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(Borre et al., 1995). Further variation within the gene family was evident
upon sequencing the PCR generated fragments. Of sixteen clones analysed,
eleven different sequences were present (Borre et al., 1995). Further work
on the location of the genes revealed that the family is distributed on six of
the parasite's chromosomes, with at least nine loci. A true estimate of the
number of genes encoding Py235 is not available, but the varying frequency
of the RFLP patterns observed by Borre et al has suggested that there may
be as many as fifty copies, if indeed the frequency of the clones is indicative

of the number of genes in the genome.

Little is known about the expression of members of the gene family.
Pertinent questions such as whether all of the genes are expressed or
merely a subset, do individual parasites express only one of the Py235
genes, and whether the gene which is expressed affects the virulence of the
parasite are being addressed. Preliminary data suggest that the repertoire of
genes which are expressed is smaller than the repertoire in the genome. A
recent publication has shown that the repertoire of Py235 genes which are
expressed depends upon the parasite line (Dr. P. Preiser, Experimental
Parasitology, in press). Using apparently conserved primers which flank a
variable repetitive sequence near the 3' end of the genes, reverse
transcriptase PCR was carried out on mRNA from a lethal (YM) and a non-
lethal (17X) line of P. yoelii. They found that they could detect transcripts
for the Py235 gene family in both lines, but the 17X line expressed a larger
subset of genes than the YM line. It is interesting at this point to consider
the origin of the YM line of P. yoelii. The virulent YM line arose
spontaneously from an avirulent strain (Yoeli et al., 1975). Both the YM
line and the avirulent 17X line of the parasite possess the multigene family
encoding Py235, with evidence for an additional locus in the 17X line (Dr.

C.A. Owen, unpublished observation). As immunisation of animals with
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Py235 leads to a YM infection resembling that of the avirulent 17X line in
being reticulocyte-restricted, it is not unreasonable to suggest a role for the
Py235 protein in the invasion of mature red blood cells by YM line
merozoites. However, when the repertoire of genes expressed by the YM
line was investigated while the parasite was restricted to reticulocytes in
the presence of anti-Py235 monoclonal antibodies, no difference in the
pattern of transcription of the Py235 genes was observed (Dr. P. Preiser,
Experimental Parasitology, in press). The primers used to amplify the
Py235 genes came from a region that had been shown to be conserved in
several genomic clones isolated previously. The assumption has been
made that using these primers to screen the transcription pattern of
parasite lines results in amplification of all the members of the Py235
genes. However, because of the specificity of PCR, it may be the case that

only a subset of the family is being amplified.

These results raise many further questions about the role of Py235 proteins
in red blood cell invasion. There may be multiple pathways for red blood
cell invasion, only one of which involves Py235. It is also possible that
different Py235 proteins recognise different ligands on the surface of the red
blood cell, enabling invasion of different cell types. Receptor heterogeneity
has been proposed as a possible explanation for the parasite possessing such
a large gene family, however there is no evidence for this at present and it

remains speculative.
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1.9  The control of gene expression in Plasmodium

19.1 General features of promoters in eukaryotic genes

The large majority of genes which encode cellular proteins in eukaryotes
are transcribed by RNA polymerase II. The elements which control the
start site and frequency of transcription from any given gene are contained
in a region known as the promoter. These elements are located upstream

of the transcription start site.

Promoters of eukaryotic genes are modular. The elements which
constitute the promoter can be classified according to their proximity to the
transcription start site. There are three regions: the near region, the
middle region, and the distal region. The regulatory sequences contained

in these regions are very short, usually less than ten base pairs in length.

The near region of the vast majority of promoters contains a TATA box
(also known as the Hogness box). The TATA box is located approximately
thirty base pairs upstream of the transcription start site, and has been

demonstrated to have a consensus sequence of

T82A97T93A85(A63/T 37)A83 (A50/T 33)

where the numbers in subscript represent the frequency of the given base
in percentage (Breathnach and Chambon, 1981).

The TATA box is responsible for the choice of start point for transcription,
by correctly positioning RNA polymerase II on the gene. If the TATA box
of a gene is deleted, the transcription start site becomes erratic, however the

frequency of transcription initiation is not affected. Conversely, if
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sequences downstream of the TATA box are replaced, transcription of the
gene still initiates approximately thirty base pairs downstream of the
TATA box. Some promoters lack a TATA box, for example the human
epidermal growth factor (EGF) receptor gene. In this gene, initiation of
transcription does not occur at a unique start point but occurs at any of a

cluster of start points (Ishii et al., 1985).

The CAAT box is a feature of the middle region of eukaryotic promoters,
often situated approximately eighty base pairs upstream of the
transcription start site. Comparison of the CAAT boxes of several genes
has shown a recognisable consensus sequence, however the conservation
is not as impressive as that seen for the TATA box. The consensus

sequence is

5'-GG(C/T)CAATCT-3'

The CAAT box is conserved in several, but not all, known promoters. This

motif can be in either orientation and still be functional.

GC-rich sequences are a common feature of eukaryotic promoters. A GC

box with a consensus sequence of

5'-GGGCGG-3'

has been identified in the middle and distal regions of several gene

promoters, and again these elements are functional in either orientation.

Elements of the distal and middle regions of promoters are thought to play

a role in controlling the frequency of initiation of transcription. They are
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probably involved in the initial binding of RNA polymerase II to the

promoter.

Specific promoter sequences interact with protein transcription factors.
The first sequence specific transcription factor to be identified was
specificity protein-1 (sp-1), which has been demonstrated to bind to the GC-
box sequence motif of promoters (Dynan and Tjian, 1985; Dynan and Tjian,
1983; Tjian, 1995).

The TATA box is bound by a transcription factor known as TATA box
binding protein (TBP). Other factors which interact with TBP, known as
TBP associated factors (TAFs) are thought to convey molecular signals
from activators such as sp-1 to the basal transcription apparatus of which
TBP is a component (Tjian, 1995). The TBP complex therefore acts as a way
of integrating the regulatory signals from DNA-bound transcription
factors. Although the elements which play a role in the control of
transcription are separated by tens and sometimes hundreds of bases on the
DNA molecule, it is thought that they interact by inducing looping of the

DNA to allow them to come into close proximity.

The factors described above are required for gene activity. Other factors
which regulate the transcription of specific genes have also been identified.
The genes which encode heat-shock proteins are transcribed only in
response to certain environmental changes. Eukaryotic heat shock genes
contain a conserved sequence located approximately fifteen base pairs
upstream of the transcription start site, and a heat shock transcription
factor (HSTF) has been identified which binds specifically to this sequence.
HSTF is only active in heat shocked cells, and activation of this factor leads
to the transcription of the group of genes which contain the consensus

sequence for HSTF binding in their genes (Topol et al., 1985).
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Thus, eukaryotic gene promoters contain basic modules such as the TATA
box and CAAT box which are involved in general interactions with the
RNA polymerase II complex and influence the frequency of initiation and
the start point of transcription. They also contain a series of specific
sequences which allow RNA polymerase II to transcribe the gene under

particular conditions.

1.9.2 Transcription and its control in Plasmodium

Plasmodium is not a particularly good organism for the study of molecular
biology. The complete life cycle of the parasite is difficult to maintain, or
impossible for some species. Classical genetic approaches are very difficult
to apply to the parasite because of its complex life cycle, and techniques for
the stable transfection of genes into the parasite are only in their infancy
(Crabb and Cowman, 1996; van-der-Wel et al.,, 1997, Wu et al., 1996).
However, despite these obstacles, it is vital to understand the molecular
mechanisms involved in the control of gene expression as these will
provide insights into the biology of the parasite. ~Of considerable
importance in this respect is understanding how the parasite evades the
immune system of the host by switching expression of specific surface
antigens such as PfEMP-1 (Baruch et al., 1995; Borst et al., 1995; Smith et al.,
1995; Su et al, 1995) and discovering the amount of natural genetic
diversity possessed by the parasite. It is also possible that certain aspects of
gene expression in Plasmodium parasites will lend themselves to targeting

with chemotherapeutic agents.
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1.9.3 Stage-specific expression of Plasmodium genes

Initial evidence for the controlled expression of parasite genes has come
from observations that the patterns of biosynthetically labelled parasite
proteins differ between the parasite stages (Deans et al., 1983; Falanga et al.,
1982; Myler et al., 1983; Newbold et al., 1982). Further evidence of stage-
specific RNA accumulation was obtained using Northern blot analysis,
nuclear run-on analysis and the study of promoter activity (Lanzer et al.,
1992a; Lanzer et al., 1992b).

How is this developmentally regulated gene expression achieved by the
parasite? Observations have indicated that regulation of the genes can
occur transcriptionally or post-transcriptionally (Waters et al., 1989).
Expression of merozoite surface protein-1 (MSP-1) of P. falciparum appears
to be regulated in a post-transcriptional manner. RNA encoding the
protein is detectable only during the late erythrocytic stages of the parasite,
but it is possible to detect promoter activity throughout the erythrocytic
cycle. Expression of other P. falciparum genes appears to be at the level of
transcription, for example knob associated histidine rich protein (KAHRP),
circumsporozoite protein (CSP), and histidine rich protein II (HRPII)
(Lanzer et al., 1992a).

1.9.4 Identification of promoters for Plasmodium genes

The upstream regions of several Plasmodium genes have been cloned and
characterised. The most completely studied upstream region is that of the
glycophorin binding protein (GBP) gene of P. falciparum. The region
between the GBP gene and the 3.8 gene preceding it is relatively short, only
2 kb. Transcription of the two genes has been shown to be discontinuous

and monocistronic, so the intergenic region must contain signals for the
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termination of transcription of the 3.8 gene and also for the regulation of
transcription initiation of the GBP gene (Lanzer et al, 1992b).
Transcription of the GBP gene has been shown to be sensitive to o-
amanitin, a compound which inhibits the activity of eukaryotic RNA

polymerase II

Analysis of the DNA sequence immediately upstream of the transcription
initiation site of the GBP gene has revealed certain features which are
characteristic of eukaryotic promoters (Lanzer et al., 1992b). The region
contains many GC-rich islands, one of which is highly homologous to the
SV40 core enhancer region (Weiher et al., 1983). A similar element is
present in the upstream region of the gene encoding the circumsporozoite
protein of P. knowlesi (Ruiz-i-Altaba et al., 1987). The sequence present in
the P. falciparum GBP gene has been demonstrated to bind nuclear
proteins derived from erythrocytic stage parasites, suggesting that it
interacts with parasite transcription factors (Lanzer et al., 1992b). However,
as a similar sequence element is present in the gene of the sporozoite stage
circumsporozoite protein in P. knowlesi, and GBP is expressed by blood
stage parasites this element would not necessarily be expected to be
involved in controlling the stage-specific expression of the gene. It is more
likely that it is involved in general transcriptional control, for example
controlling the frequency of transcription initiation.

Analysis of the upstream sequence has also revealed a large direct
duplication of 305 bp (Lanzer et al., 1992b). The authors have speculated
that this motif may mediate stage-specific regulation of GBP gene

expression.

Studies into the transcription of the merozoite surface protein-1 (MSP-1)

gene of P. yoelii has shown apparently heterogeneous transcription
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initiation sites (Lewis, 1990). There are five initiation sites located between
377 and 417 bp upstream of the initiating methionine codon. Whether
these are real or an artefact due to the pausing of reverse transcriptase at
A+T-rich sequences during primer extension experiments has not been
determined. However, such heterogeneity has also been observed for P.
falciparum MSP-1 (Myler, 1989) and P. knowlesi CS (Ruiz-i-Altaba et al.,
1987) genes. There are several potential TATA-boxes located thirty to forty
base pairs upstream of the RNA start sites of the gene. This is in keeping
with the distance restrictions observed for other eukaryotic genes,
suggesting that at least one of these could be a functional TATA-box (Lewis,
1990). Two sequence elements with 100% homology to the
immunoglobulin octamer sequence ATTTGCAT, or its complement, were
also present in the upstream region of the gene. Such sequences have been
found in enhancers and promoters, and the sequence has been shown to
bind two transcription factors with high specificity (Staudt et al., 1988;
Staudt et al., 1986). Whether the sequences in the MSP-1 promoter bind to
parasite nuclear extracts has not been determined. It has also been noted
that several regions of the MSP-1 gene's upstream region are capable of
forming Z-DNA, and that one of the sequences with homology to the
immunoglobulin octamer motif lies within one of these regions (Lewis,
1990). It has been suggested that Z-DNA formation may be related to
transcriptional activation, with a role in enhancer function (Nordheim
and Rich, 1983). A diagram representing the upstream regions of several

Plasmodium genes is shown in figure 1.10.1.

The function of specific upstream promoter elements in Plasmodium has
not been demonstrated. Sequences which fit the consensus described for
TATA boxes and CAAT box elements have been described but there is no

evidence that these are indeed functional. One piece of evidence that there
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is a Plasmodium equivalent of at least one of these elements, the TATA
box, is the identification of a TATA-box binding protein (TBP) in P.
falciparum  (McAndrew et al., 1993). The intergenic regions of P.
falciparum contain extremely A+T regions, many of which resemble the
consensus sequence for the TATA box. This has led to suggestions that the
initiation of transcription in P. falciparum may differ from that of other

eukaryotes (McAndrew et al., 1993).

Polymeric A+T rich regions in Saccharomyces cerevisize have been shown
to be involved in gene regulation (Iyer and Struhl, 1995). These regions are
thought to alter DNA structure in that they may make transcription factor
binding sites more accessible to the relevant proteins. Whether there is a
similar phenomenon in Plasmodium is not known, however it should be
noted that the whole Plasmodium genome is extremely A+T rich and,
although the intergenic regions have an even higher A+T content, such

mechanisms may not be feasible in Plasmodium.
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Figure 1.9.1 The upstream regions of Plasmodium genes

The structural organisation of several Plasmodium promoter
regions has been analysed. Most notable features are the presence of
GC-rich reiterated sequences and the conservation of sequence
motifs in the same gene of different Plasmodium species.

Figure adapted from (Lanzer et al., 1993).
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1.10 Methods for the study of gene expression of Plasmodium

The ability to transfect Plasmodium parasites with exogenous DNA has
recently emerged as a tool with which it is possible to study the promoter
regions of parasite genes. A construct containing a reporter gene linked to
the proposed control region can be used to determine the minimum
region of the promoter for maximal expression of the gene (Crabb and

Cowman, 1996; Horrocks and Kilbey, 1996).

For example, P. falciparum erythrocytic asexual stages have been
successfully transfected to produce chloramphenicol acetyltransferase
(CAT). Parasitised red blood cells were transfected with plasmids that
contained CAT-encoding DNA flanked by 5' and 3' untranslated sequences
of the P. falciparum hsp86, hrp3, and hrp2 genes. These flanking sequences
were required for expression as their excision abolished CAT activity in
transfected parasites (Wu et al., 1995). Such transfection techniques have
increased the opportunities to follow genetic analysis of the malaria

parasite.
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1.11 Aims of this project

The 235 kDa rhoptry proteins of Plasmodium yoelii have been shown to be
encoded by a multigene family. However, the entire coding region has not
been identified for any of the members of the gene family. Comparison of
the sequences for the clones designated E3 and E8 have shown that they
lack the 5'-end of the genes, with none of the features one would expect for
a non-coding region of Plasmodium DNA, that is the presence of in-frame

stop codons and an increase in A+T content of the DNA.

The aims of this project were to complete the gene sequence of at least one
of the members of the 235 kDa rhoptry protein family of Plasmodium

yoelii.

Once the complete sequence of one of the genes had been determined,
analysis of its structural features could be undertaken with a view to
identifying regions of functional significance. It was also hoped to
undertake an analysis of putative promoter region of one or more
members of the multigene family in order to gain an insight into how the

parasite controls expression of such a large family of related genes.

During the course of the project, several other sequences were cloned
which were fragments located at the 5' end of other genes of the rhoptry
protein family. Comparison of these clones gives an impression of the
variation present between the members of the family at the sequence level.
From previous work (Borre et al., 1995; Keen et al., 1990; Keen et al., 1994;
Sinha et al.,, 1996) it had been determined that the C-terminus of the
proteins showed relatively little sequence variation, whereas the N-

termini of the proteins, although still significantly similar, showed more
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variation. This may reflect differences in the proteins' affinity for ligands

on the erythrocyte surface.
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Buffers and Media

Krebs' Saline: 150mM NaCl, 10mM glucose

10.00g bacto-tryptone, 5.00g bacto-yeast extract, 10.00g NaCl in
1L, pH 7.0

Phosphate buffered saline - 140mM NaCl, 3mM KCl, 3mM
KH2P04, 140mM N32PO4, pH 7.4

20.00g bacto-tryptone, 5.00g bacto-yeast extract, 0.5g NaCl,
0.25mM KCl, 10mM MgCl,, 20mM glucose, pH 7.0

Sodium chloride-sodium citrate buffer

1X SSC is 0.15M NaCl, 0.015M tri-sodium citrate

Tris-acetate EDTA
1X TAE is 40mM Tris-acetate, 10mM EDTA pH 8.0

Tris-borate EDTA
1X TBE is 900mM Tris-borate, 2mM EDTA, pH 8.0

Tris-EDTA
10mM Tris.HCl pH 8.0, ImM EDTA pH 8.0
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2.2 Preparation of Plasmodium yoelii parasites

Donor mice (balb/c strain) infected with Plasmodium yoelii YM parasites
were bled into a minimal volume of Krebs' saline, 0.2% glucose, and 250
units heparin. Aliquots of 500ul were snap-frozen in liquid nitrogen and
stored at -80°C until required. On the day of use, the vial was thawed on
ice and 200l of the stabilate injected intra-peritoneally into each of five
balb/c mice. Once the parasitaemia of the mice had risen to 30-40% (as
determined by performing blood smears), they were bled. One hundred
microlitres of the blood was injected intraperitoneally into fifty balb/c
mice. When the parasitaemia reached approximately 50% these mice were
bled. The volume of blood was made up to 100ml by the addition of ice-
cold phosphate buffered saline (PBS). The blood was depleted of leukocytes
by passing it twice over a CF-11 (Whatman) column while maintaining the
temperature of the sample at less than 4°C. Red blood cells were
precipitated by centrifugation at 1000x g for 10 minutes and washed two to
three times in ice-cold PBS followed by centrifugation as before.
Erythrocytes were lysed by the addition of two volumes of ice-cold 1%
acetic acid with incubation for two minutes on ice. The lysis reaction was
quenched by the addition of four volumes of ice-cold PBS. Haemoglobin
was removed from the sample by repeated washing of the sample with ice-
cold PBS and centrifugation at 1000x g. Washed parasites were precipitated
by centrifugation, divided into aliquots, snap frozen in liquid nitrogen,

and stored at -80°C.
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2.3  Purification and preparation of nucleic acids

2.3.1 Durification of Plasmodium yoelii genomic DNA

Frozen parasites prepared as described in section 2.2 were used as the
source of Plasmodium yoelii YM genomic DNA. The DNA was purified
using a Genomic DNA Purification Kit (Qiagen) according to the
manufacturer's instructions.

One to two microlitre aliquots of the DNA preparation were run on a 0.5%
agarose gel to estimate its concentration and size distribution, and its purity
assessed using UV spectrophotometry. DNA was considered to be pure if it
had an Aygonm/ Azgonm >1.7, and of good size if the majority of the DNA ran

at >20kb as assessed by agarose gel electrophoresis.

2.3.2 Purification of Plasmodium yoelii total RNA

100pl of frozen P. yoelii YM parasites prepared as described in section 2.2
were used to prepare total RNA, using a SNAP total RNA isolation kit
(Invitrogen) according to the manufacturer's instructions. The
concentration of the RNA preparation was determined by measuring the
Ajgonms and using the following formula:

RNA concentration=(Ay)(0.04ug pul-1)D

where D is the dilution factor.

2.3.3 Synthesis of oligonucleotides

Oligonucleotides were synthesised using an ABI 380B DNA synthesiser by
the Sequencing and Synthesis Service at NIMR. They were supplied fully

deprotected in 35% ammonia. The oligonucleotides were precipitated by
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addition of 0.1 volumes 3M sodium acetate pH 5.2 and 2.5 volumes 100%
ethanol, followed by centrifugation at 12000 x g for 30 minutes. The DNA
pellet was washed in 70% ethanol and resuspended in distilled, deionised
water (DDW) at a final concentration of 10uM.

The concentration of each oligonucleotide was calculated as follows:

E = (G x 11.7)+(A x 15.4)+(T x 8.8)+(C x 7.3)

¢ (UM) = (Aggono, X1000)
E

where E is the molar extinction coefficient, G, A, T and C are the number of
G, A, T and C residues in the oligonucleotide, and c is the concentration of

the oligonucleotide.

2.3.4 Preparation of plasmid DNA

For small scale preparation of plasmid DNA bacteria were cultured
overnight at 37°C in 5ml LB containing 50-100ug ml-! ampicillin (Sigma).
DNA was prepared from the bacterial suspension using the Wizard
Miniprep DNA Plus purification system (Promega) according to the
manufacturer's instructions.

Large scale preparations of plasmid DNA were performed by growing
bacteria in 250ml LB containing 50-100ug ml-1 ampicillin overnight at 37°C.
Plasmid DNA was purified using the Wizard Maxiprep DNA Plus
purification system (Promega) according to the manufacturer's

instructions.
The concentration of the DNA was determined by measuring its Aygonm,

assuming an A,gynm Of 1.0 is equivalent to 50pug ml-1.
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2.3.5 Restriction endonuclease digestion of DNA

DNA to be digested with restriction endonucleases was resuspended in 1X
buffer specified by the manufacturer of the enzyme (Boehringer or New
England Biolabs). In general, 10U restriction enzyme were added per pg
DNA to be digested, and the reaction incubated at the designated

temperature for 2-4 hours to ensure complete digestion.

2.3.6 DPurification of DNA from agarose gels

DNA fragments were purified from low melting temperature agarose
using Wizard PCR purification columns (Promega) according to the
manufacturer's instructions.

DNA was purified from high melting temperature agarose using the

Geneclean kit (BIO 101 Inc) according to the manufacturer's instructions.

2.3.7 Preparation of vector and insert DNA for ligation

Vector and insert DNA were digested with the appropriate restriction
endonuclease and purified from low melting temperature agarose
according to sections 2.3.5 and 2.3.6. The phosphate group was removed
from the 5'-termini of the vector DNA by incubation at 30 minutes at 37°C
with 0.01U calf intestinal alkaline phosphatase per pmol 5'-ends (Maniatis
et al., 1982). The vector was phenol:chloroform extracted, ethanol

precipitated, and resuspended in DDW at a concentration of 100pg ml-1.
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2.3.8 Ligation of vector and insert DNA

Ligation reactions were carried out in a total volume of 10ul in 1X T4 DNA
ligase buffer with 1 Weiss Unit T4 DNA ligase (Boehringer). 100ng vector
DNA was ligated to insert DNA in a molar ratio of 1:3. The reaction was

incubated overnight at room temperature.

2.39 Transformation of DNA into competent bacterial cells

20-50ng of ligated DNA was transformed into 100pl competent cells by
electroporation. Electroporation-competent E. coli SURE cells (Stratagene)
were used in an attempt to reduce the chance of unwanted recombination
events. The DNA was added to a 50pl aliquot of competent cells and kept
on ice for 1 minute. The transformation was transferred to a Genepulser
cuvette (Biorad) with a 0.1cm electrode gap. The sample was electroporated
using a Genepulser electroporator (Biorad) set at 1.8 kV, 200Q and 25 pF.
1ml of SOC medium preheated to 37°C was added, and the transformation
was incubated at 37°C with shaking at 225-250 rpm for 60 minutes.
Generally, 10-100ul of the transformation was plated onto LB agar plates
containing 50-100ug ml-1 ampicillin, which had been preplated with 35ul
100mM IPTG and 25pl 50mg ml! X-Gal, and incubated overnight at 37°C.
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24  Sequencing of DNA

2.4.1 Manual sequencing of double-stranded plasmids

Manual sequencing of recombinant plasmids was performed using the
Rapidwell DNA sequencing kit (USB) or Sequenase version 2.0 (USB)
according to the manufacturer's instructions. Sequencing reactions were
run on 6% denaturing polyacrylamide gels (30 x 40 x 0.04 cm) in 1 X TBE
buffer for Sequenase version 2.0 reactions or in 1 X glycerol tolerant buffer
(USB) for Rapidwell reactions. The gels were run at 60W as described by
Maniatis. Gels were fixed by immersion in 2 litres of a solution of 10%
glacial acetic acid, 20% methanol v/v for 15 minutes, dried under vacuum
at 80°C, and exposed to Biomax-MR film (Kodak) for 12-24 hours at room

temperature.

2.4.2 Automated sequencing of DNA

Plasmid templates for DNA sequencing were prepared as described in
section 2.3.4. Sequencing reactions were carried out using the ABI PRISM
cycle sequencing kit (Applied Biosystems Inc.)), which contains
fluorescently labelled dideoxynucleotides. Cycle sequencing was carried
out in accordance with the manufacturer's instructions, with the
exceptions that 500ng DNA template and 5pmol primer were used per
reaction, and the reaction volume was scaled down 2-fold, i.e.. the final
reaction volume was 10ul rather than 20pul.

PCR products were sequenced directly. 30ng of gel purified PCR product
was used per reaction with 1.6pmol primer, and cycle sequencing

performed according to the manufacturer's protocol.
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Sequencing reactions were loaded onto a 6% denaturing polyacrylamide
gel, or a 5% Long Ranger polyacrylamide gel (Flowgen) and the gel run at
30W for 12 hours on an ABI 377 sequencer (Applied Biosystems Inc.). Data
were collected using the ABI 377 data collection software (Applied
Biosystems Inc.) and analysed using Factura and Autoassembler programs

(Applied Biosystems Inc.).

2.5 Polymerase Chain Reaction (PCR)

PCR reactions were typically carried out in a total volume of 50ul with
1uM each PCR primer, 200uM dNTPs, and 10ng template DNA in 1X PCR
amplification buffer (Promega) using 2.5U AmpliTaq DNA polymerase
(Promega). The AmpliTaq enzyme was added in a "hot-start" reaction
once the reaction mixture had reached 95°C, to prevent amplification of
products caused by annealing of the primers to non-specific sequences at
lower temperatures. Amplification of target sequences was achieved using

the following cycling procedure:

Denaturation of template DNA: 95°C 1 min
Annealing of primers: XeC 1 min
Synthesis of target sequence: 72°C 1 min/kb target DNA

The annealing temperature of each primer (X°C) was calculated as follows:
T,,=2(A+T)+4(G+C)

X=T,,-5°C
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where A represents the number of A residues in the primer, T the number
of T residues, G the number of G residues, C the number of C residues, and
T denotes the melting temperature of the oligonucleotide.

These steps were repeated 30 times using a thermal cycler (Perkin Elmer),

and products analysed by running 5-10ul on a 1% agarose gel.
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Figure 2.5.1 Primer sequences and positions in the E8 sequence for

PCR to generate a probe

The sequence of primers E8.5' and E8.7 are given with respect to
their positions in the clone E8.END. They were used in a PCR
reaction to amplify the first 360 bp of clone E8.END for use as a probe
in subsequent genomic library screens.

Clone E8.END is an inverse PCR product derived from the E8 gene
which has been cloned into the pMAL c2 expression vector, and was

supplied by Dr. Jane Keen.
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2.6 Inverse PCR
The template for inverse PCR was restriction endonuclease-digested P.
yoelii YM genomic DNA which had been circularised by intramolecular

ligation.

2.6.1 Digestion of P. yoelii YM genomic DNA with restriction

endonucleases

Five micrograms of P. yoelii YM genomic DNA were incubated at 37°C for
two hours with 40U of the selected restriction endonucleases in 1X buffer
recommended by the manufacturer of the enzymes. The final volume of
the reaction was 100ul. Digested DNA was subsequently purified using
Geneclean (BIO 101 Inc.) and the DNA eluted in a total volume of 20ul
DDW.

2.6.2 Ligation of digested DNA

One hundred nanograms of the restriction endonuclease-digested DNA
was incubated in 1X T4 DNA ligase buffer with 25U T4 DNA ligase
(Boehringer) in a total volume of 25ul. The concentration of DNA was
kept low (<4pg ml-1) to encourage intramolecular ligation of individual
DNA fragments.

The ligation reaction was incubated overnight at room temperature, then
drop-dialysed against DDW on 0.2um nylon filters (Amersham) for 60

minutes at room temperature to remove excess salt.
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2.6.3 Amplification of target DNA using Touchdown PCR

The entire 25ul ligation reaction was used as a template for PCR with the
following additions: 200pM dNTPs, 1.5mM MgCl,, 1uM primer E8.11, 1uM
primer E8.12, 1X PCR buffer II (Promega), 2.5U AmpliTaqg DNA polymerase
(Rrkin Bwmer ) in a final volume of 50ul. The polymerase was added in a hot-
start reaction as described previously. The mixture was subjected to
Touchdown PCR. This is a modification of a conventional PCR program,
designed to enhance specific amplification of target DNA sequences and to
reduce non-specific amplification products.

Instead of using a constant annealing temperature in each cycle of PCR, the
initial annealing temperature used was 5°C above the calculated Tm of the
primers. Every two cycles the annealing temperature was reduced by 2°C,
until an annealing temperature 10°C below the Tm of the primers was
reached. Thirty cycles of PCR were performed using this lower annealing
temperature, and the reaction held at 4°C.

The logic behind Touchdown PCR is as follows. In the first few cycles of
PCR, where the annealing temperature is very close to the T,, of the
primers, only very specific amplification of the target sequence occurs.
Therefore the concentration of only the target sequence increases
exponentially during these cycles. Once the annealing temperature is
lowered to the point where non-specific amplification can occur the
concentration of the specifically amplified DNA product is such that it
easily out competes non-specific sequences for annealing of the primers.
Thus, the specificity of the PCR reaction is enhanced.

5ul of the PCR reactions were run on a 1% agarose gel for analysis.
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2.6.4 Purification of inverse PCR products in preparation for sequencing

PCR products were purified using Centricon-100 columns (Amicon). 2ml
DDW was added to the sample reservoir and the entire PCR reaction (50ul)
added. The column was assembled and centrifuged in a Beckman JA20.1
rotor at 2000x g for 15 minutes. The flow through was discarded, the
column inverted, and centrifuged again at 2000x g for 2 minutes to recover
the concentrated DNA. The sample was precipitated by the addition of 0.1
volumes 3M sodium acetate pH 52 and 2.5 volumes 100% ethanol,
followed by centrifugation at 12000x g for 15 minutes in a microfuge. The
DNA pellet was resuspended in 10ul DDW for use directly in automated
DNA sequencing (section 2.4.2).
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Figure 2.6.1 Primer sequences and positions for inverse PCR
experiment

The sequences of the primers used in inverse PCR are shown with
respect to their positions in the sequence of clone E8. END. They are
in the opposite orientation to primers used in conventional PCR,
pointing away from one another.

Clone E8.END is an inverse PCR product derived from the E8 gene
which has been cloned into the pMAL ¢2 expression vector, and was

supplied by Dr. Jane Keen.
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E8.11: the reverse complement of nucleotides 170-193
in the sequence of clone E8-END.

5-GTTTATTAATAATTTCCCTAGTG-3'
E8.12: nucleotides 281-300 of clone E§-END

5-GAAGGTGAATTAAATTGGAGT-3'

E8.12
~ Dpnll Alul
L L
ER.11
344 808
J 1
193 281 E8-END

1414 bp
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2.7  5'-Rapid Amplification of cDNA Ends (5'-RACE)

2.7.1 Synthesis of first strand of cDNA

2.5 pmol of the E8 gene-specific primer, E8 NEW.RC, were added to 1ug of
P. yoelii YM total RNA and the volume made up to 15.5ul with DEPC-
treated water. The reaction was incubated at 70°C for 10 minutes to
denature the RNA and subsequently placed on ice for 1 minute. 2.5ul 10X
PCR buffer (Gibco BRL), 2.5ul 25mM MgCl,, 1pl 10mM dNTPs, and 2.5 pl
0.1M DTT were added to the reaction and incubated at 42°C for 1 minute.
200U of Superscript II Reverse Transcriptase (Gibco BRL) were added, and
incubation at 42°C continued for a further 50 minutes. The reaction was
terminated by heating the sample at 70°C for 15 minutes. Degradation of
RNA was carried out by addition of 1ul DNase-free RNase mix (Gibco BRL)
and the reaction incubated at 37°C for 30 minutes. The contents of the tube

were collected by brief centrifugation in a microfuge, and placed on ice.

2.7.2 Purification of cDNA

The cDNA was purified using the Geneclean kit (BIO 101 Inc) according to
the manufacturer's instructions. DNA was eluted from Glassmilk in 20ul

DDW.

2.7.3 Oligo-dC tailing of cDNA using terminal
deoxynucleotidyltransferase

5ul 5X tailing buffer (Gibco BRL) and 2.5ul 2mM dCTP were added to 10ul of
the purified cDNA and the volume of the reaction made up to 25ul with

DEPC-treated water. The reaction was heated to 95°C for 2 minutes, placed
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on ice for 1 minute, and the contents of the tube collected by brief
centrifugation. 1pl terminal deoxynucleotidyltransferase (Gibco BRL) was
added and the reaction incubated at 37°C for 10 minutes. The terminal
deoxynucleotidyltransferase was inactivated by heating at 65°C for 10

minutes, and the reaction was placed on ice.

2.74 PCR of oligo-dC tailed cDNA

The following reagents were added to 5ul oligo-dC tailed cDNA:

31.5u1 DDW, 5ul 10X PCR buffer (Gibco BRL), 3pul 25mM MgCl,, 1ul 10mM
dNTPs, 2ul 10uM R1, and 2ul 10uM Universal Anchor Primer (Gibco BRL).
The reaction was heated to 94°C for 1 minute followed by addition of 2.5U
AmpliTaq DNA polymerase (Promega). Polymerase chain reaction

conditions were as follows:

1. 94°C 1 min
2. 55°C 2 min
3. 72°C 3 min
4. repeat steps 1-3

35 times
5. 72°C 6 min
6. 4°C hold

10ul of the reaction was analysed by agarose gel electrophoresis on a 1%

agarose gel.

Nested PCR was carried out in an identical manner using 5ul of the

original PCR reaction as template and substituting R2 for R1, and Abridged
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Anchor Primer (Gibco BRL) for UAP. After PCR amplification, 10ul of the

nested PCR reactions were run on a 1% agarose gel for analysis.

2.7.5 Cloning and sequencing of 5RACE products

PCR products from 274 were cloned into the pMOSBlue vector
(Amersham) according to the manufacturer's instructions. Purified
recombinant plasmids were sequenced using automated DNA sequencing

with primers T7 and R2.
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Figure 2.7.1 Sequences and positions of E8-specific primers for
5'RACE

The sequences of the gene specific primers used for 5RACE are
given with respect to their positions in clone 8.1.6.
The putative initiating ATG codon and the position of the intron

are also marked.



ATG R2 Rl ES8.NEW.RC

intron

1 ]150 704 1 7142 }163

E8.7 ' 8.1.6
2439 bp 3785 bp

ES8.NEW.RC:
5'- GTATTCTTGAGTTTGGAGCTA -3'
RI:

5'- CGACCGTATCTAACGTATC -3’

5> GCGGTTATTTGTAAAAAGGAATT -3'
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2.8 Reverse Transcriptase PCR (RT-PCR)

2.8.1 Synthesis of cDNA using gene-specific primers

lpg total P. yoelii YM RNA was added to 2.5pmol E8-specific primer
E8.NEW.RC in a total volume of 15.5pul.

The sample was treated exactly as in section 2.7.1 to synthesise a cDNA copy
of the RNA. Purification of the cDNA was achieved using the Geneclean
kit (BIO 101 Inc.) according to the manufacturer's instructions, and cDNA

was eluted in a final volume of 20ul DDW.

2.8.2 PCR from ¢cDNA using E8-specific primers

PCR reactions were carried out as described in section 2.5 in a total volume
of 50ul, using 5ul purified cDNA as template. The primers that were used
in the PCR amplification step were based on the nucleotide sequence either
side of the proposed intron of the E8 gene.

Products were analysed by running 5-10ul on a 1% agarose gel and viewed

with UV-transillumination.

2.8.3 Cloning of RT-PCR products

RT-PCR products were gel purified from high melting temperature agarose
(Boehringer MP-agarose) as described in section 2.3.6, and cloned into the
pMOSBlue vector (Amersham) according to the manufacturer's

instructions.
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Figure 2.8.1 Position and sequences of primers for RT-PCR

The positions of the primers used in RT-PCR are given using the A

residue of the putative initiating ATG codon as position 1.
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XIA XIB

ATG T A

putative intron R2

Primer positions and sequences:

XIA: 5'-ACCATGAAAAAATATATTTATATTATTA-3'
1 25

XIB: 5-TTTGGCTGCATTTTTTATTTCC-3’
27 48

Rl: 5-CGACCGTATCTAACGTATC-3'
592 572

R2:  5'-GCGGTTAnTGTAAAAAGGAATT-3
553 531

R1
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2.9 Construction and screening of a sub-genomic DNA library

2.9.1 Identification of positive fractions by hybridisation

25ug P. yoelii YM genomic DNA was incubated at 37°C overnight with
100U Dpnll (New England Biolabs). The DNA fragments were separated
on a 1% agarose gel. Several thin slices of agarose 1-2mm wide were
excised, which contained DNA in the size range of the positive
hybridisation signal of the original Southern blot (which had been probed
with an (0—32P)d ATP-labelled DNA probe corresponding to the first 270 bp
of clone E8.END (for details see section 3.1). The DNA in these gel slices
was purified from the agarose using the Band-Prep kit (Stratagene)
according to the manufacturer's instructions, and eluted in 20ul TE pH 8.0.
5ul of each purified size fraction was run on a 1% agarose gel and
photographed with UV-transillumination. A Southern blot was
performed on this gel (section 2.11) and the blot hybridised to the same (a—
32P)d ATP-labelled DNA probe as in the original Southern blot. The blot
was washed under stringent conditions and exposed to X-omat AR film
(Kodak) overnight.

This procedure enabled identification of the specific DNA fraction in

which the target DNA was contained.

29.2 Preparation of pBluescriptlISK- plasmid

10ug pBluescriptlISK- (Stratagene) was digested with 20U BamHI
(Boehringer) in 1X BamHI reaction buffer for 2 hours at 37°C. One unit of
calf-intestinal alkaline phosphatase (Boehringer) was added to the digested
vector and the reaction incubated at 37°C for a further 30 minutes. The

vector was then phenol:chloroform extracted (Maniatis et al., 1982),
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precipitated by the addition of 0.1 volume 3M sodium acetate pH 5.2 and
2.5 volumes 100% ethanol with centrifugation for 15 minutes at 12000x g,
and the DNA pellet resuspended in DDW at a final vector concentration of

100ng pl-1.

2.9.3 Ligation of purified insert to pBIISK- vector and transformation of
E. coli SURE cells

Ligation of insert DNA to 100ng vector was carried out at a 3:1 molar ratio
of insert:vector. The reaction was carried out in a final volume of 10ul
using 1 Weiss Unit T4 DNA ligase (Boehringer) in 1X T4 DNA ligase
buffer, and incubated overnight at room temperature.

Fifty nanograms of the ligation reaction was transformed into E. coli SURE
electrocompetent cells (Stratagene) as described in section 2.3.9. The
percentage of recombinant colonies was assessed by plating an aliquot of
the transformation onto an LB agar plate containing 100ug ml-! ampicillin,
and preplated with 35ul 100mM IPTG and 25pl 50mg ml1 X-Gal
Recombinant colonies appear white in colour compared to blue non-
recombinants owing to the disruption of the lacZ o-complementation
factor by insertion of DNA into the vector.

Ten thousand recombinant colonies were plated onto LB plates containing

100pg ml! ampicillin and incubated overnight at 37°C.

294 Screening the library

The library was screened by colony hybridisation (section 2.12) using the
same 270 bp (a—>2P)dATP labelled DNA probe as in the original Southern

blot experiment (section 3.1).
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Positive colonies were identified from the plate by realignment of the
autoradiograph, filter, and master plate. The appropriate area of the agar
plate (5 X 5mm) was excised using a sterile scalpel blade, placed into 1ml LB
medium, 1ul of a 1000-fold dilution of this plated onto a fresh LB agar plate
containing 100png ml-! ampicillin, and incubated overnight at 37°C.

The second screen was performed in exactly the same way, by colony
hybridisation. Single positive colonies were picked into 5ml LB containing
100ug ml-! ampicillin, grown overnight at 37°C, and plasmid DNA
prepared from the cultures by the method described in section 2.3.4.

The insert DNA was analysed by restriction endonuclease digestion with
BssHII, which has sites at either end of the pBluescriptlISK- polylinker.
The digests were run on a 1% agarose gel for analysis.

Sequencing of the positive clones was by the dideoxy chain-termination
method using the Sequenase Rapidwell Sequencing Kit (USB) according to

the manufacturer's instructions.
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2.10 Construction of a partially Sau3A digested, size-fractionated genomic

library in pBluescriptll KS+

2.10.1 Partial Sau3A digestion of Plasmodium yoelii genomic DNA

Aliquots of 1ug Plasmodium yoelii YM genomic DNA were digested in a
final volume of 10ul with the following amounts of Sau3A (Boehringer):
1U, 0.5U, 0.25U, 0.125U, 0.06U, 0.03U, 0.015U, and 0.008U.

The digests were incubated at 37°C for 60 minutes, the reaction stopped by
the addition of 0.2 volumes of agarose gel loading buffer, and run on a
0.6% agarose gel to determine the degree of digestion in each instance. It
was determined that the samples digested with 0.5, 0.25, 0.125, and 0.06U
gave a good range of DNA fragments in the 2-5kb size range.

The digests were scaled up by a factor of ten and repeated, i.e.. 10pg of
Plasmodium yoelii YM genomic DNA was digested in a total volume of
100ul with 5.0U, 2.5U, 1.25U, and 0.6U of Sau3A, and incubated for 60
minutes at 37°C. 10pl of agarose gel loading buffer was added to each digest

and the samples run on a 0.6% agarose gel.

2.10.2 Digestion of pBluescriptll KS+ with Xhol

Twenty micrograms pBluescriptlIKS+ (Stratagene) were incubated at 37°C
for 12 hours with 100U Xhol (Boehringer) in 1X Xhol reaction buffer
(supplied by the manufacturer) in a total volume of 100ul. The enzyme
was inactivated by heating at 60°C for 20 minutes and 100ng of the vector

run on a 1% agarose gel to ensure complete digestion.



MATERIALS AND METHODS
Chapter Two

2.10.3 Size-fractionation of insert DN A

DNA in the size range of 2-5kb was excised from the agarose gel while
viewed by transillumination under long-wave ultraviolet light. DNA was
purified from the agarose using Wizard PCR minicolumns (Promega)
according to the manufacturer's instructions, with the foilowing exception.
Once DNA had been eluted from the minicolumn with TE, 0.1 volumes of
3M sodium acetate pH 5.2 and 2.5 volumes of 100% ethanol were added to
the eluate. The sample was spun at 12000 x g for 30 seconds in a microfuge
to precipitate residual agarose and oligosaccharides. The supernatant was
removed and centrifuged at 12000 x g for 20 minutes to precipitate the
DNA. The DNA pellet was resuspended in 20ul DDW. The DNA was run
on a 0.8% agarose gel, and purification of the 2-5kb fraction was repeated in
an identical manner as described above. After the final ethanol
precipitation the partially Sau3A digested DNA was resuspended in 10ul
DDW.

2.10.4 Partial fill-in of vector and insert ends using the Klenow fragment of
DNA polymerase I

10pl of Plasmodium yoelii YM genomic DNA, which had been partially
digested with Sau3A and size-fractionated, was incubated with 1U Klenow
(New England Biolabs), 1X Klenow reaction buffer (New England Biolabs),
250uM dGTP, 250uM dATP in a total volume of 20ul. The reaction was
incubated at room temperature for 30 minutes and the Klenow enzyme
was then heat inactivated by incubation at 70°C for 5 minutes.

The DNA was precipitated by addition of 0.1 volumes of 3M sodium
acetate pH 5.2 and 2.5 volumes of 100% ethanol followed by centrifugation

at 12000x g for 30 minutes. The supernatant was removed and the DNA
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pellet resuspended in 10ul DDW, at a concentration of approximately 50ug
ml-1.

Similarly, 2ug of Xhol-digested pBluescriptll KS+ were incubated with 2U
Klenow in 1X Klenow reaction buffer, supplemented with 250uM dCTP
and 250uM dTTP. Treatment of the DNA was identical to that of the
genomic DNA, except that the vector was resuspended in DDW at a

concentration of 100pug ml-1.

2.10.5 Ligation and transformation

One hundred nanograms of partially-Sau3A digested, partially filled-in,
size-fractionated Plasmodium yoelii YM DNA was ligated to 100ng of Xhol-
digested, partially filled-in pBluescriptll KS+. The reaction was carried out
in 1X T4 DNA ligase buffer (Boehringer) with 1 Weiss Unit T4 DNA ligase
(Boehringer) in a total volume of 10ul. The reaction was incubated for 16
hours at room temperature.

The ligation reaction was drop-dialysed on a 0.2um nylon filter versus
DDW for 60 minutes at room temperature to remove excess salts.

One microlitre of the ligation was transformed into 100ul E. coli SURE
electrocompetent cells (Stratagene) as described in section 2.3.9. This was

repeated nine times.

2.10.6 Assessment of insert size

Ten microlitres of one of the transformations from 2.10.5 was plated onto
an 82mm LB agar plate containing 100pg ml-! ampicillin, which had been
pre-plated with 50pl 100mM IPTG and 25ul 50mg ml-! X-Gal. The plate was

incubated overnight at 37°C and five white colonies (containing
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recombinant plasmid DNA) were picked into 5ml LBamp and grown
overnight at 37°C. Plasmid DNA was isolated as described in section 2.3.4.

Approximately 1ug of plasmid DNA was digested with 10U each of BamHI
and Kpnl (Boehringer) to liberate the insert. Digests were run on a 0.8%
agarose gel and photographed with UV-transillumination. The average

insert size was determined as 2.8 kb.

2.10.7 Plating out the library

Two sheets of Biodyne A transfer membrane (PALL) measuring 222 x
222mm were laid onto each of two LB agar plates (240 x 240mm) containing
100pg ml1 ampicillin. 5ml of transformed E. coli SURE cells (from 2.10.5)
were plated onto each membrane. The filters were placed in a sterile
cabinet until no surface moisture was visible, then incubated at 37°C

overnight to allow growth of the bacterial colonies.

2.10.8 Preparing replicas of the library

Two replica filters of each master membrane were prepared as follows.

The master membrane was removed from the LB amp plate and placed
onto a sheet of LB-soaked 3MM Chr paper (Whatman) which was on a
firm perspex plate. A fresh Biodyne A transfer membrane (222 x 222mm),
which had been pre-wetted on a fresh LB amp agar plate, was placed
precisely on top of the master membrane and covered with another piece
of LB-soaked 3MM Chr paper. Another perspex plate was placed on top of
the assembly. Transfer of the colonies from the master membrane to the
replica was achieved by placing the assembly on the floor and requesting a
heavy member of the lab staff to stand on it. The perspex plates and 3MM

Chr paper were removed and the sandwiched membranes keyed to one
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another with a large gauge needle. The membranes were gently separated,
placed onto LB amp agar plates, and incubated at 37°C until colonies were
clearly visible.

A second replica was prepared in an identical manner, using the first

replica as a template.

2.10.9 Storage of the library

Two sheets of 3MM Chr paper (Whatman) (250 x 250mm) were saturated
in LB containing 25% glycerol. Each master membrane was placed onto
one of these and left at room temperature for 15 minutes. The master
membranes were removed and each was placed onto a perspex plate (250 x
250 x 3mm). On top of the membrane was placed an acetate grid (250 x
250mm) onto which the orientation holes of the master membrane were
marked. (Another grid was marked in an identical way and stored with
the replicas of the master membrane). A second perspex plate was placed
on top of the acetate grid and secured with small bulldog clips. The library

assemblies were stored at -80°C.

2.10.10 Preparing replicas for screening

The library replicas were incubated at 37°C on LB agar plates containing
100pug ml1-! ampicillin until colonies became clearly visible. The DNA in
the colonies was denatured and neutralised by placing the replicas onto
two sheets of 3MM Chr paper (Whatman) soaked in the following

solutions:
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0.5M NaOH 5 min
air dry 5 min
1M Tris. HCl pH 7.5 2 min
air dry 2 min
1M Tris.HCl pH 7.5, 15 min
1.5M NaCl
air dry 15 min

DNA was crosslinked to the membranes using the autocrosslink facility on
a UV-Stratalinker (Stratagene). The replicas were stored with their

respective alignment grids at 4°C.

2.10.11 Screening the library

Screening of the library was carried out by hybridisation of specific
radiolabelled probes to the replica filters. Probes for screening the library
were prepared as described in section 2.11.2 and hybridisation as described
in section 2.11.3.

Immediately after hybridisation, the replica filters were washed in 1L of 2X
SSC, 0.1% SDS at room temperature for 15 minutes, followed by three high
stringency washes in 1L of 0.1X SSC, 0.1% SDS at 65°C followed by
overnight exposure to X-omat AR film (Kodak) with intensifying screens
(Dupont) at -70°C.

Positively reacting colonies were picked by marking their position onto the
grid kept with the replicas and subsequent alignment of this grid to the grid
kept on the master membrane. An area of 5 x 5mm was excised from the

master membrane, using a sterile scalpel blade, and placed in 1ml LB. This

84
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was kept at room temperature for 15 minutes, vortexed vigorously to
dislodge the bacterial colonies from the membrane, and 1yl added to a
further 1ml of LB. The cells were titrated by plating 1, 10 and 100ul of the
1000-fold dilution onto LB agar plates containing 100ug ml-1 ampicillin.
One thousand colonies were plated onto 132mm LB amp agar plates and
screened by colony hybridization with the same probe. A single, well-

separated, positively reacting colony could then be isolated.

2.10.12 Analysis of positive clones

Positive clones were grown overnight at 37°C in 250-500ml LB containing
100pg ml-1 ampicillin, and plasmid DNA isolated. Analysis of insert size
was carried out by restriction endonuclease digestion of the plasmids with
BamHI and Kpnl (Boehringer) followed by agarose gel electrophoresis.
Clones of interest were sequenced using automated DNA sequencing,
initially using primers based on vector sequences (T3 and M13-20). Further

primers were designed based upon new sequence when they were required.

211 Southern blots

2.11.1 Transfer of nucleic acid to a solid support

After separation of the DNA fragments by agarose gel electrophoresis the
gel was treated with 0.2M HCI for 20 minutes to depurinate the DNA to
allow transfer of large DNA fragments. This treatment was only carried
out if the fragments to be transferred were >10kb. The DNA was denatured

and neutralised as follows:
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1. Washed in 500-1000ml 0.5M NaOH, 1.5M NaCl for 45min
Rinsed in DDW
Washed in 500-1000ml 1M Tris.HC1 pH 7.4, 1.5M NaCl for 45min

Ll

Rinsed in DDW.

The washes were carried out at room temperature with gentle agitation in
a rotary incubator.

Transfer of the DNA fragments to a solid support was carried out exactly as
described by Maniatis et al (1989), with transfer onto Hybond-N membrane
(Amersham) taking place overnight.

The blot was washed in a solution of 5X SSC at room temperature for 5
minutes, air dried, and the DNA crosslinked to the membrane using the

autocrosslink facility on a Stratalinker UV-crosslinker (Stratagene).

2.11.2 Preparation of radioactively labelled DNA probes

Double-stranded DNA probes were labelled with (0-32P)dATP
(Amersham) using random hexamer oligonucleotides and the Klenow
fragment of DNA polymerase supplied with the Prime-It II kit (Stratagene)
according to the manufacturer's instructions. Unincorporated label was
removed using Sephadex G-50 Quickspin columns (Boehringer) according

to the manufacturer's instructions.

2.11.3 Hybridisation

Blots were prehybridised for at least one hour at 65°C in a minimal
volume of hybridisation solution (5X Denhardt's solution, 5X SSC, 0.1%
SDS, 100pg ml1 denatured salmon sperm DNA (Boehringer)) sufficient to

cover the blot. The probe was then heated at 95°C for 5 minutes, placed on
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ice, and added to the hybridisation buffer. Between 5 x 10° and 1 x 10 cpm
of the probe were added per ml hybridisation solution. Hybridisation was

carried out in an incubator at 65°C with gentle agitation.

2.11.4 Washing conditions and exposure to X-ray film

All blots were washed at high stringency in solutions of varying salt

concentration. A typical washing procedure is as follows:

1. 2X SSC, 0.1% SDS 65°C 20min
2. 0.1X SSC, 0.1% SDS 65°C 20min

Step 2 was repeated two more times.

The blot was sandwiched between two pieces of Saran wrap (Dow) and
exposed to X-omat AR film (Kodak) at -70°C with intensifying screens
(Dupont) for 12-24 hours.

212 Colony hybridisation

Colony hybridisation is a relatively rapid method for screening large
numbers of recombinant bacterial colonies for the clone of interest.

LB agar plates containing the colonies of interest were incubated at 4°C for
1-2 hours prior to transfer, then a sheet of Hybond N (Amersham) of the
appropriate dimensions placed directly on top of the colonies. The
membrane was keyed to the agar plate by passing a large gauge needle
through both the membrane and the plate for subsequent reorientation of

the two. The membrane was carefully peeled from the plate and placed,
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colony side up, on a piece of 3MM Chr paper (Whatman). The master agar
plate was placed at 37°C for several hours to allow regrowth of the colonies.
Colonies on the nylon membrane were treated as follows to denature their
DNA and allow hybridization to an (0—3?P)dATP labelled DNA probe.
Two layers of 3MM Chr paper were soaked in the following solutions and

the membranes placed colony side up for the appropriate length of time:

10% SDS 5 min
air dry 5 min

0.5M NaOH, 1.5M NaCl 5 min

air dry 5 min
IM TrisHClI pH 7.4, 10 min
1.5M NaCl

air dry 60 min

DNA was fixed permanently to the membranes using the autocrosslink
facility on a Stratalinker UV crosslinker (Stratagene).

Bacterial debris was removed from the membranes by incubation in a
solution of 5X SSC, 0.5% SDS, ImM EDTA pH 8.0 for 30 minutes at 50°C
with gentle agitation. The residual debris was removed by gently rubbing
the membranes with gloved fingers.

Hybridisation of the membranes to an (0—32P)dATP labelled DNA probe

was carried out as described in section 2.11.3.

2.13 Pulsed Field Gradient Gel Electrophoresis (PFGE)

Agarose blocks containing P. yoelii YM chromosomes were separated by

pulsed field gel electrophoresis using a contour-clamped homogeneous
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electric field (CHEF) apparatus. A 1% agarose gel was run at 14°C in 0.25 X
TBE over a period of sixty hours. The ramp conditions were as follows:

90 sec to 300 sec  : 95 volts for 30 hr

300 sec to 720 sec  : 85 volts for 30 hr

2.14 Dotblots

One hundred to two hundred nanograms of DNA was heated at 100°C for
10 minutes and the tubes immediately placed on ice. An equal volume of
1M NaOH was added to the solution and the reaction incubated for 20
minutes at room temperature. 0.5 volumes of neutralisation solution
were added to the reaction and the tubes placed on ice immediately. The
samples were loaded onto Hybond-N nylon membrane (Amersham) in
small aliquots of 3pl, allowing the membrane to absorb the first aliquot
before adding the next. The membrane was allowed to air dry for 60
minutes and the DNA crosslinked to the membrane using a UV-
Stratalinker (Stratagene). The DNA was hybridised to a radioactively
labelled DNA probe as described in section 2.11.3.
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3.1 Construction of a size-fractionated sub-genomic library

Previous efforts to clone the entire open reading frame for one of the
members of the P. yoelii YM multigene family encoding the 235 kDa
rhoptry proteins had focused on the family member designated Py235.ES8.
The sequence at the 3'-end of the gene had extended to, and beyond, an in-
frame stop codon and putative polyadenylation signal (Keen et al., 1994).
The sequence at the 5' end had not extended into non-coding sequence.
However, features resembling a signal sequence and a putative initiating
methionine residue had been identified in clone E8-END, a clone derived
from an inverse PCR product which contained the most 5' sequences of the

Py235.E8 gene (Sinha et al., 1996).

The aims of this project were to complete the coding sequence of the
Py235.E8 gene, and also to analyse non-coding sequence at the 5-end of the
gene in order to determine the transcription start site and to identify

promoter elements in the gene.

To obtain further DNA sequence at the 5'-end of the E8 gene a sub-genomic
library was constructed. A size-fractionated subgenomic library was
selected to enhance the specificity of the library and to reduce the number
of colonies that needed to be screened. A specific size fraction of restriction
enzyme digested Plasmodium yoelii YM genomic DNA which had been
demonstrated to contain the target sequence was cloned into a plasmid and

the library screened by colony hybridisation.

Small-scale restriction endonuclease digests were carried out on 1lug P.
yoelii YM genomic DNA. The enzymes were selected because of the

proximity of their cleavage sites to the 5-end of clone E8-END, but their
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sites were far enough downstream to allow hybridisation of a single DNA
fragment to a radiolabelled probe corresponding to the first 270bp of clone
E8-END. The DNA fragment was generated by digestion of a subclone -
E8.5', a Dra I restriction fragment of clone E8.END which had been cloned
into pUC18 by Dr. J. Keen.

Southern blot analysis showed that Dpnll-digested DNA gave a positive
hybridisation signal at a size of approximately 950bp (figure 3.1). This
enzyme was selected to make the sub-genomic library because DNA

digested with it can be cloned directly into BamHI digested pBluescriptSK-.

Twenty-five micrograms of P. yoelii YM genomic DNA was digested to
completion with Dpnll and run on a 1% agarose gel. Several thin slices
were excised from the gel at the size indicated by the Southern blot, and the
DNA purified from them. One-quarter of each fraction was run on a 1%
agarose gel, followed by Southern transfer to a solid support, and
hybridisation of the blot to the same 270bp probe as used in the original
Southern blot analysis. This demonstrated that the target sequence was

present in only one of the fractions, fraction five (figure 3.2).

DNA from the positive size fraction was ligated to pBluescriptIISK-
(Stratagene) which had been digested with BamHI and treated with
alkaline phosphatase, and the ligation subsequently transformed into E.
coli SURE cells.

Sambrook et al (1989) describe the required number of recombinants to be
screened in a genomic library as:

N = In (1-P)
In (1-f)
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where N is the number of recombinants, P is the probability of finding a
specific sequence, and f is the fraction of the genome contained in a single
recombinant clone. In this case, with a size-fraction of 950bp and a genome

size of 2x107bp, f = 950 / 2x107= 4.75x10” and,

N = In(1-099) = 96948
In(1-4.75x10-5)

The Dpnll-digested size-fraction purified for the library construction was
estimated, by agarose gel electrophoresis and ethidium bromide staining, to
contain approximately 5% of the total genomic DNA, indicating a further
20-fold enrichment. Thus, for a probability of 0.99 of detecting a specific
sequence in the sub-genomic library, approximately 5000 recombinant

colonies had to be screened.

10000 recombinant colonies were screened by colony hybridisation with the
most 5' 270bp of the E8 gene. A single positively reacting clone was

detected, designated D1, and this was analysed further.

3.2 Characterisation of clone D1

The D1 clone was initially characterised by restriction endonuclease
digestion and Southern blot analysis. Digestion of the purified plasmid
with BssHII to liberate the insert demonstrated an insert size of 2kb, rather
than 950bp as anticipated suggesting that the clone contained two tandem
inserts. Further digests with EcoRI and Xbal showed that the clone did
contain two inserts, with an EcoRI site situated approximately 100bp into

the insert of interest.
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The clone was sequenced on both strands. Analysis of the sequence of the
insert of interest showed that the clone did NOT represent the 5'-end of the
E8 gene. It did, however, show an extremely high homology with the 5'-
ends of clones E3 and E8 at both the nucleotide and amino acid levels,
suggesting that this clone was part of another gene which was a member of
the same multigene family.

Analysis of the DNA sequence of the 950 bp of interest of clone D1
demonstrated that it comprised an open reading frame (orf) of 315 amino
acids (figure 3.3). This orf, along with the DNA sequence itself, was
analysed using BLAST and FASTA homology search programs to find
related sequences. The results of such searches showed an extremely high
degree of relatedness between D1 and the most 5' sequences of both clones
E3 and E8. At the amino acid level, E8 and D1 showed a 45% level of
identity, with the identity being particularly marked in the latter half of the
D1 sequence (figure 3.4).

The high degree of identity between the three sequences lends weight to
the suggestion that clone D1 represents the partial sequence of another
member of the multigene family which encodes the 235 kDa rhoptry
protein of Plasmodium yoelii YM. The high identity of the two sequences
is the probable explanation as to why the D1 clone was detected with a

probe derived from ES8.

The homology between clone D1 and E8 does not extend upstream of the
previously identified 5' end of E8. Instead the homology is internal, and
extends from position 67 to 382 in the amino acid sequence of E8. This led
to the suspicion that the probe which had been used in the original
Southern blot (figure 3.1) and in the subsequent library screens was not, in

fact, the Dralfragment from the 5' end of clone E8.END.
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Analysis of the E8.END sequence shows that there is another Dral fragment
of 287bp located further downstream. Additional examination of the
positively reacting fragment sizes obtained in the Southern blot (figure 3.1)
suggest that the subclones had been incorrectly identified and the clone
labelled E8.5' contained sequence from 404 to 691 of clone E8.END. This is
summarised in figure 3.6.

Previous reports have suggested that the translation start site of the E3
gene (Keen et al, 1994) and the E8 gene (Sinha et al., 1996) had been
identified, along with putative signal sequences. Analysis of the sequence
of D1 in the corresponding region showed that the purported initiating

methionine residue is absent. This could mean any one of three things:-

1. Translation of the genes does not initiate at the position originally
thought,

2. The start site of translation is not identical in the three genes,

3. D1 is not translated at all, i.e.. it is a pseudogene.

Any one of these scenarios is possible, however further work which will be
discussed in later chapters suggests that the translation initiation site of the

genes had been incorrectly assigned.

Interestingly, a significant homology with the genes encoding the
reticulocyte binding proteins (RBPs) of Plasmodium wvivax was noted.
RBP-1 and 2 are apically localised proteins of P. vivax merozoites which
have been proposed to be involved in determining host cell specificity for
this parasite (Galinski and Barnwell, 1996; Galinski et al., 1992; Sinha et al.,

1996). Previous reports have shown a region of high homology between
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the proteins in the C-terminal portion, with lower homology throughout
the sequences. This homology is present in the D1 clone, again supporting
the view that D1 is part of another member of the P. yoelii YM multigene

family.
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Figure 3.1 Southern blot of restriction enzyme digested
Plasmodium yoelii YM genomic DNA using the an E8
specific probe

One microgram P. yoelii YM genomic DNA was digested to
completion with each of the following restriction enzymes. The
DNA was run on an agarose gel and Southern blotted onto a nylon
membrane. The blot was hybridised to a radioactively labelled probe
corresponding to the;fjir"st 360 bp of clone E8-END, and washed at
high stringency (see Materials and Methods).

Lane Enzyme used in digest
” Alu 1

Mae 111

Hph 1

Dpn 11

Ase 1

EcoRI

BamHI

Fok 1

O© 00 NN N G o~ W NP

Dde 1

97



1234 56 789

950
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Figure 3.2  Size fractions of Dpnll digested Plasmodium yoelii YM

genomic DNA probed with the first 360 bp of clone E8-
END

Each size fraction of Dpnll digested P. yoelii YM genomic DNA
(lanes 2-8) was run on an agarose gel, Southern blotted, and
hybridised to a probe corresponding to the first 360 bp of E8 in order
to select the fraction that contained the DNA of interest. The blot

was washed at high stringency (see Materials and Methods).

Lane
1 A DNA digested with EcoRI & HindIIl
2-8 Size fractions of DpnllI-digested
P. yoelii YM genomic DNA
9 clone E3
10 clone E8-END

11 1 kb ladder (Gibco BRL)

929



12 3456789 10 11

N

1584°
947¢
564*

11
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Figure 3.3 DNA and deduced amino acid sequence of D1

Clone D1 was sequenced using Sequenase version 2.0 (USB).
The region of interest is 946 bp long and comprises an open reading

frame of 315 amino acids.



GATCCAAATAATACTAACGTATTTAAAGAATATATTTATGAATTTAATCTCTGGATACCC
DPNNTNVFKEYIYEFNLWIP
AAATCGAAATTAACATTATTAGAAAAAAGATTTTTTGAAATATTTGAAGAGAAATGGAAT
KSKLTLLEIKRTFFEIFEEZKWN
TCTTATGAAATTAAAAAAGATATTGACGAAAATAGTAAACAATATAATGTTGTGAAATTA
S YEI KKDIDENSZSIKQYNWVYVKIL
ATTTTGCAATACATGAAGGAATTAACAGACGTAATTGATTTTATGGAAAATTACCAACCA
lILQYMKELTDVIDFMENYA QP
GATGAAGTTCCTACAAGAAGGATAATTGGT TTTGAAGTCGAATGGCGTATAAAAGCATTA
DEVPTRRIIGFEVEWRIKAL
CTTTATTCAGAAGTAGAAGCTGGAGTGAAGAAATCTTATGAATCAGTAAAAAATTGGAGA
LYSEVEAGVKKSYESVIKNWR
AAATCAATCCTCGAAATAAACAAAAAATTAGAGGAGGAAAATGAAAAAGT TATTAAATTG
K SIlILEI NI KIKLETEENEIKVI KL
GAAACACAAATTAAAGATTTATTTAACCAATATTTGAAAATAATTGATGAAAATATATAT
ETQI KDLFNQYLKIIDENIY
ATAAACAAGTTAAAATTAGAATTAAAAGAAAAAATAAAAAATATATCTGACAAAAATGAA
I N KL KLELIKEIKI KNI S DKNE
TATATTAAAAAAGCAGTTGACTTAAAGAAGATAATAGAAAATAACAATGCATACATTGAT
Yl K KAVDLIKIKIIENNNAYIID
GAATTAGCTAAAACCTCGCCATATCAAGT TCCGGAACATTTAAAGAGCACAGATACAATA
ELAKTSPYQVPEMHTLIKSTHDT.I
TATAGTACAATAAAATCAGAGTTATCCCAAATTTATGAAGATGACATTGATAAACTCTAT
Y S TI KSELSQIlIYEDUDIDIK KLY
AATGAATTATCTTCTATAGTTCAAGAAAATGACATTGACAATGTAGAAGATAAAACGAAA
NELSSIVQENDIDNYVEDIKTK
CTTGACGATTTACAATCTAAAATAGATAATGTATATAGTAAAATCCAAAACATGGAAACT
LDDLQSKIDNVYSKIQNMET
GCAACAGTTGAATCACATCTAACGAATATCGAAACTAACAAAAATAAACTATCAGACACA
AT VESHTLTNIETNIKNIKLZSDT
ATTGTGGAGATAAAAAAATATATATATGGAGAAATTAGCAAAGATC 946

IV EI KKY Il Y GEI S KD
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Figure 3.4 Similarity of clone D1 with E8-END

The sequences of clone D1 and clone E8-END were aligned using the
MegAlign program of DNAStar. The overlapping regions were
divided into groups of ten amino acids and the identity plotted as a

function of their position in the D1 amino acid sequence.
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Figure 3.5 Alignment of D1 and E8

The deduced amino acid sequences of clone D1 and the
corresponding region of the E8-END clone were aligned using the
MegAlign program of DNAStar. Identical residues are highlighted
in green. The numbers indicate the amino acid position in the open
reading frame of each clone.

The methionine residue which had previously been suggested to be
the site of translation initiation of gene E8 is highlighted in red, and

the putative signal sequence which had been assigned is underlined.
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Figure 3.6  Southern blot analysis

Comparison of the size fragments obtained in the Southern blot
(values showed in parentheses) and those which would theoretically
be detected if a probe derived from nucleotides 404 to 691 was used

in the hybridisation (values in bold type) supports the theory that
the clone E8.5' had been incorrectly assigned. Analysis of the
additional sequence obtained upstream of clone E8.END described in
Chapter Four corroborates this, with restriction sites for Maelll and
Alul being present at the appropriate positions upstream to give the

fragment sizes detected in theSouthern blot.

D = Dral

I 1 the region of clone E8.END which appears
to have been used as a probe in the library screen
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41  Construction of a Plasmodium yoelii YM genomic library

The experience with the previous subgenomic library clearly demonstrated
the problem of picking out related sequences in a library screen. It was
decided to construct a genomic library because the sequence of interest
would definitely be represented therein.  The method used for
construction of the library was a slight variation on the method of Dr.
Ekkehard Werner (Werner et al., 1997). P. yoelii YM genomic DNA which
had been partially digested with the restriction endonuclease Sau3A and
size-fractionated was cloned into pBluescriptIIKS* The 2-5 kb size-fraction
was selected because it was thought that these fragments could be stably
propagated in plasmids within a bacterial host, where larger A+T-rich
sequences have previously been shown to be unstable. In addition E. coli
SURE cells were used as the host, whose genotype had been altered by
deletion of recA genes in an attempt to prevent certain recombination
events. The library was plated onto Biodyne A transfer membranes for
ease of handling and storage. Partial digestion of the genomic DNA also
meant that clones within the library would overlap, and could therefore be

used to "walk" along genes.

A range of Sau3A concentrations was tested in preliminary experiments in
order to determine which ones gave a suitable range of molecules in the 2-
5 kb size fraction. This range was from 0.008-1U ug! P. yoelii YM DNA
(Figure 4.1.1). On this basis, large scale digests were carried out using 0.06-
0.5U Sau3A pg! DNA.

The 2-5 kb fractions of these digests were gel purified, and the 5'-overhangs
partially filled in using the Klenow fragment of DNA polymerase I and
dGTP and dATP. The insert DNA was ligated to pBluescriptll KS* which

had been digested with Xhol and the overhang partially filled in using



SCREENING THE LIBRARY WITH E8-SPECIFIC PROBES 111
Chapter Four

dCTP and dTTP. The logic behind the partial fill-in reactions was as
follows: the partial fill-ins make the overhangs left by the respective
restriction endonuclease digests compatible, and it also ensures that only
one insert fragment can ligate to one vector fragment as after the partial
fill-ins the insert overhangs become incompatible with one another

(Figure 4.1.2).

After transformation of the ligated DNA into E. coli SURE cells, the library
was plated directly onto Biodyne A transfer membranes and stored at -80°C
so that it could be used to isolate clones over a long period.

} The library contained approximately 100,000 recombinant clones.

Five clones were picked and the insert sizes determined, which ranged
from 2 to 4.8 kb. The average insert size of recombinant clones in the

library was determined as 2.8 kb.
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Figure 4.1.1 Partial Sau3A digests of Plasmodium yoelii YM

genomic DNA

Lane units Sau3A per microgram DNA
1

0.5

0.25

0.125

0.063

0.031

0.016

0.008

R NN N G B WN e

Each of the digests contained 1ug Plasmodium yoelii YM genomic

DNA and was incubated at 37°C for one hour.

Lane 9 contains A DNA digested with EcoRI and HindIll
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Figure 4.1.2 Construction of a genomic DNA library of

Plasmodium yoelii YM from partially Sau3A digested,
size-fractionated DN A

Plasmodium yoelii YM genomic DNA was partially digested with
Sau3A and the 2-5 kb size fraction purified following agarose gel
electrophoresis. The overhangs left by digestion were partially filled
in using the Klenow fragment of DNA polymerase I in order to
make the ends compatible with Xhol digested vector which had also
had its ends partially filled in.

Following ligation and transformation into E. coli SURE cells, the
library was plated directly onto nylon membranes and stored at

-80°C.



partially digest P. yoelii YM digest pBluescriptll KS+
DNA with Sau3A s
genomic with Sau with Xhol

purify 2-5 kb fraction

partially fill in overhang partially fill in overhang
GA TCGAG--mmm--
CTAG [} N ——
GATCGAG
CTAGCTC

transform into
E. coli SURE competent cells

plate directly onto
Biodyne A transfer membranes

store at -80°C
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4.2  Screening the genomic library with an E8-specific probe to obtain

additional 5' sequence

The library was screened with a probe generated from the first 360 bp of E8.
The probe was made by PCR, using primers E8-5' and E8-7, from the clone
E8-END supplied by Dr. Jane Keen. The primer sequences and positions
are shown in figure 4.2.2. This probe was selected as it would hybridise to
sequences within the library which contained additional upstream
sequence. The first Sau3A site within clone E8-END lies at position 344 in
the nucleotide sequence. Consequently there would be minimal reactivity
of the probe with any clones which did not contain sequence upstream of

the 5'-end of clone E8-END.

Four double-positive clones were identified in this screen, and after single
colonies had been isolated in a secondary colony hybridisation experiment,
plasmid DNA was purified from each one. To ensure that these signals

were unambiguous, two methods were employed to screen the clones:

1) dot-blot hybridisation to the 360 bp E8 probe

2) PCR using primers E8-5' and E8-11. This reaction should give a PCR
product of 193 bp based upon previously identified E8 sequence (Dr.
Jane Keen, unpublished data). The sequences and positions of the

primers are shown in figure 4.2.2.

Dot-blot screening of the clones using the first 360 bp of E8 showed that all
four clones gave positive hybridisation signals (figure 4.2.1). PCR analysis
suggested that only one of the clones contained E8 sequence - clone 8.2.8

(figure 4.2.3).
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This clone was sequenced using T3 and M13-20 primers based on the
sequence of pBluescript, and the insert size analysed by restriction enzyme
digestion.

Restriction endonuclease digestion of clone 8.2.8 revealed an insert size of
350 bp (data not shown). Considering that the library from which the clone
was isolated was constructed in such a way as to give insert sizes of 2-5 kb,
there was a high probability that the clone had undergone a rearrangement
event in the bacterial host.

Sequence analysis of the clone showed that it was identical to the 5'-end of
the sequence previously reported for the E8 gene. There was no cloning
site at the 5'-end, and therefore no Sau3A site present in P. yoelii genomic
DNA at this point, again suggesting a recombination event (figure 4.2.4).
To confirm this hypothesis, and to determine the true sequence, a strategy

based on inverse PCR was employed.
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Figure 4.2.1 Dot blot analysis of clones isolated from the genomic
library with an E8 specific probe

DNA from the clones of interest was denatured and applied to a
nylon membrane. The DNA was probed with the first 370 bp of
clone E8 and the blot washed at high stringency (0.1 X SSC, 0.1% SDS,
65°C).

CLONE
1 8.1.6
8.2.1
8.2.3
8.2.4
8.2.6
8.1.3

pBluescript
E8-END

W NN G o W N

The six clones here were obtained in a screen of the genomic library with |
the probe indicated above. Clone 8.2.8 (not shown in this figure) was
obtained in the same screen. Clones 8.1.6, 8.2.1 and 8.2.3 were selected for
further analysis owing to the fact that they gave the stfongest hybridisation

signals in this dot blot. Clone 8.2.8 was sequenced because it gave a positive

result in the PCR screen (figure 4.2.3).



I #
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Figure 4.2.2 Sequences of primers used to screen E8-positive clones

The clones which were positive for the 5' end of E8 by hybridisation
were screened by PCR. The sequences of the primers used to screen

the clones are given with respect to their position in clone E8.END.



E8.5”: nucleotides 1-16 of clone E§-END
5'-CTTGCATGCCTGCAGG-3'

E8.11: the reverse complement of nucleotides 340-360 of clone E8-END
“GTATCTTTGAATTGATCAAG-3’

E8.5'

E8.1]

193 bp
E8-END

1414 bp
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5'-end sequence of clone E8-END

PCR reactions were carried out using primers E8-5' and E8-11.

Ten microlitres of each reaction was run on a 1.5% agarose gel.

N &N G s WN

8.1.6
8.2.1
8.2.3
8.2.8
pBluescript
E8
123 bp ladder (Gibco BRL)

122
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Figure 4.2.4 DNA and deduced amino_acid sequence of clone 8.2.8

Clone 8.2.8 was sequenced using primers T3 and M13 -20 based on
sequences of pBluescriptll flanking the multiple cloning site.
The clone is 347 bp long and has an open reading frame of 155

amino acids.



CTTGCATGCCTGCAGGTCGACTCTAGATAATAATAATTGTGATAAACATTTTAATGAAAT 60
LHACRS STLUDNNNTCDIKMHTFNE.I
TAAAAAAATAGCCGAATCATATAGCATTATATTTTATAATTATACAATTTTAGAAAATTT 120
K KT AESYSIIFYNYTILENIL
AGAATCAGTAAATATTACATATAAGGAGTCCTTAGATTACTTTTTTAATTCACTAGGGAA 180
ESVNITYKES SLDYFFNS SLGK
ATTATTAATAAACAAAGTAGATTCCGATGGAAATATAATAGAAGAAAATGATATTGATAA 240
LLINKVDS SDGNIIETENDIDN
TTTTGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGT 300
FDLSKPIKNNFKLLEGELNGYV
ATTTGAAAATAAATGGAATGATTATAAAAATAATAAAAATCTTGATC 347
FENKWNDYIKNNIKNLD
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4.3 Inverse PCR

Inverse PCR was carried out on P. yoelii YM genomic DNA in order to
determine the true sequence upstream of the 5' end of clone E§-END. The
products produced in these experiments would be sequenced directly,
without any intervening cloning procedures to prevent possible
recombination events. Inverse PCR is a variation on conventional PCR
designed to identify sequences which lie outside the bounds of known
DNA sequence (Triglia et al., 1988) and therefore can be used to "walk"
along genes. Primers in inverse PCR face in the opposite orientation to
conventional PCR, i.e.. they face away from one another (figure 4.3.1). P.
yoelii YM genomic DNA was digested to completion with either Dpnll or
Alul, the DNA ligated at very low concentration (<3pug ml-1) to encourage
intramolecular ligation, and subjected to Touchdown PCR using E8-specific

primer pairs E8-11 and E8-12 (figure 4.3.2).

Products were analysed by agarose gel electrophoresis. The Alul reaction
gave a product of ~900 bp, and the Dpnll reaction a product of ~500 bp
(figure 4.3.3). The Dpnll reaction product was purified, and sequenced
directly using the ABI 377 machine with primers E8-11 and E8-12 (figure
4.3.4). The product was not subcloned as this may have resulted in
rearrangement of the insert sequence, as was believed to have happened to

clone 8.2.8.

The sequence of the Dpnll inverse PCR product differed from that of E8
and 8.2.8 in the first 25 bp of the previously reported sequence (figure 4.3.4).
As the sequence was obtained by PCR and no cloning steps were involved
any possible recombination events liable through passage of the DNA

through a prokaryotic host were avoided.
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To check the authenticity of the new sequence obtained by inverse PCR, a
primer was designed close to the 5'-end - EB.NEW - and used in PCR with
primers from the previously reported sequence - E8-7 and E8-11 - using P.
yoelii YM genomic DNA as a template. A primer based on the "different”
region of E8 was designed from the old sequence -E8.5'. The sequences and

positions of the primers are shown in figure 4.3.5.

The products obtained with each set of primers were analysed by agarose
gel electrophoresis. This confirmed that the new sequence was in fact
correct, with the products being of the anticipated sizes. By contrast, PCR
using E8.5' and either of the downstream primers gave no products at all

(figure 4.3.5).

When the first 25 bp of the old sequence was put through a database search
it became obvious that this stretch of nucleotides was derived from the
vector polylinker, rather than P. yoelii DNA, and appears to occur as a
result of rearrangement of insert and vector sequences. The original E8-
END sequence was cloned into the pMAL vector which is a derivative of
the E.coli maltose binding fusion protein vector pCG806, and pBluescript

contains an identical sequence (not shown).

Synthetic mRNA leader sequence K.

Identities = 25/25 (100%), Positives = 25/25 (100%), Strand = Plus / Plus

E8 end: 1 CTTGCATGCCTGCAGGTCGACTCTA 25
Subject: 27 CTTGCATGCCTGCAGGTCGACTCTA 51
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Cloning vector pGEMS3 polylinker sequence (SP6 polymerase transcription
vector)

Identities = 25/25 (100%), Positives = 25/25 (100%), Strand = Plus / Plus

E8 end: 1 CTTGCATGCCTGCAGGTCGACTCTA 25

Subject: 27 CTTGCATGCCTGCAGGTCGACTCTA 51

E.coli vector pCG806 encoding modified maltose binding fusion protein

Identities = 25/25 (100%), Positives = 25/25 (100%), Strand = Minus / Plus

E8 end: 25 TAGAGTCGACCTGCAGGCATGCAAG 1
Subject: 35 TAGAGTCGACCTGCAGGCATGCAAG 59
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Figure 4.3.1 Inverse PCR

Inverse PCR is a method to amplify regions of DNA which lie
outside the bounds of known sequence.

Genomic DNA is first digested to completion with a chosen
restriction enzyme. The restriction fragments are incubated with T4
DNA ligase at extremely low DNA concentrations to allow
circularisation of individual restriction fragments. Primers, whose
sequences are based on the region of known sequence, are designed
in such a way so that once circularisation of the template has
occurred they face towards one another, whereas in the non-circular
DNA fragment they face away from one another.

Nested PCR is carried out using two pairs of gene-specific primers.
The PCR product contains regions of known sequence at either end

and unknown sequence in the middle.



unknown sequence known sequence

digest DNA to completion
with restriction enzyme X

ligate at low concentration to
encourage intramolecular ligation

PCR using primer pair 1 &2
Nested PCR using primer pair 3 & 4

sequence PCR products directly
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Figure 4.3.2 Inverse PCR primers

The sequences of the primers used in inverse PCR are shown with
respect to their positions in the sequence of clone E8.END. They are
in the opposite orientation to primers used in conventional PCR,

pointing away from one another.



ES8.11: the reverse complement of nucleotides 170-193
in the sequence of clone ES-END.

5'-GnTATTAATAATTTCCCTAGTG-3’
E8.12: nucleotides 281-300 of clone E8-END

5-GAAGGTGAATTAAATTGGAGT-3'

ES8.12
A Dpiil Alul
E8.11
344 808
. 1 1
193 281 E8-END

1414 bp
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Figure 4.3.3 Products of inverse PCR

E8-specific primers E8-11 and E8-12 were used in an inverse PCR
reaction using restriction enzyme digested P. yoelii YM genomic
DNA, which had been circularised by ligation, as a template.
Ten microlitres of each inverse PCR reaction was run on a 1%

agarose gel.

1 A DNA digested with EcoRI and HindIII
2 Dpnll derived inverse PCR product
3 Alul derived inverse PCR product
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Figure 4.3.4 Partial DNA sequence and deduced amino acid of Dpnll
inverse PCR product

Direct sequencing of the PCR product using primers E8-11 and E8-12
gave 463 bp of DNA sequence. This sequence had an open reading
frame of 154 amino acids. New sequence is shown in blue, and
overlapping sequence with clone E8.END is shown in green. The
sequence which differs from the 5'-end of clones E8.END and 8.2.8 is

shown in red, and in (i)-blue and (ii)-red.

(i)  5'sequence of clone E8 and clone 8.2.8

(ii)  Sequence of the corresponding region of Dpnll-derived inverse PCR

product



ACAAATGATATTATTTCATATGAAGAAAAATTATATACAGATAAATGTAAAAATAGCTCC 60
T NDII SYEEIKLYTDI KT CI KNS S
AAACTCAAGAATACTACTAAGAAACCTTCTGAATTTTGTAAAAATGTGATGAATCTCAAT 120
KLKNTTHKKPSEFCKNVMNILN
GTATCTCGTAAAAATAGTTGGGAAGTTCCCAAAAATAACGAAATAATTTCATTTATAGAT 180
VS RKNSWEVPKNNEIISTFID
TTTCTAATAGAAAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAACTAGAT 240
FLIEKLKSNNYPMTLVTHI KTLTD
TTTATAAAAAAACAATTCGAGGATATTAAAAATAAACACAATAAACACATAAAAATATGT 300
FI1 KKQFEDIKNIKHNIKMHIKIC
AAACAAGAAGAGATTGTTGTGAACAAATGTACCAACAACATTGATAATAATAATTGTGAT 360
K QEEIVVNIKCTNNIDNINNNTCD
AAACATTTTAATGAAATTAAAAAAATAGCCGAATCATATAGCATTATATTTTATAATTAT 420
K HFNEIKKIAEUSYSIIFYNY
ACAATTTTAGAAAATTTAGAATCAGTAAATATTACATATAAGG 463
TILENLEZSVNITYHK

()

L HACRSTILDNNNICDIKMHTFNTEI
CTTGCATGCCTGCAGGTCGACTCTAGATAATAATAATTGTGATAAACATTTTAATGAAATT
10 20 30 40 50 60

(ii)

VNK CTNNTIDNNNICDIKHTFNEI
TGTGAACAAATGTACCAACAACATTGATAATAATAATTGTGATAAACATTTTAATGAAATT
10 20 30 40 50 60
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Figure 4.3.5 Confirmation by PCR that the new sequence for E8 is

correct

PCR from genomic DNA of P. yoelii YM was performed using
primers based on the 5' sequence of clone E8-END and the sequence

of the Dpnll inverse PCR product

LANE PRIMER PAIR

1 E8-NEW & E8-11
2 E8-NEW & E8-7
3 E8-5' & E8-11

4 E8-5' & E8-7

Primer sequences

E8-NEW: 5'- TAGCTCCAAACTCAAGAATAC -3'

(nucleotides 54-74 of the inverse PCR product sequence
shown in figure 4.3.4)

E8-5: 5'- CTTGCATGCCTGCAGG -3'
(nucleotides 1-16 of E8-END)

E8-7: 5'- GTATCTTTGAATTGATCAAG -3'

(the reverse complement of nucleotides 340-360 of E8-
END)

E8-11: 5'- GTTTATTAATAATTTCCCTAGTG -3'
(the reverse complement of nucleotides 170-193 of E8-

END)



Pi
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The screen of the genomic library gave four clones which were positive by
hybridisation, however only one, 8.2.8, was also positive by PCR. The PCR
screen was performed using primers E8-5' and E8-11. The primer E8-5' was
designed based on the first sixteen bases of the old E8-END sequence, which
has now been demonstrated to be of vector origin. Clone 8.2.8 was the only
clone to be positive by PCR because it was the only one to have undergone
an identical rearrangement event as the original E8-END clone. Further
sequence analysis of clones 8.1.6, 8.2.1, and 8.2.3 demonstrated that these
did, in fact, contain additional sequence upstream of the original E8-END

clone.

It may be of interest to note that of all the positive clones, the orientation
of the insert was the same, except for clones E8-END and 8.2.8 whose 5'
ends were proximal to the T7 promoter of the plasmid. It may be possible
that such rearrangements are orientation specific. ~ This is merely
speculation but is an observation which could, perhaps, warrant further

investigation.
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44  Analysis of E8-positive clones

As has been mentioned, clones 8.1.6, 82.1, and 8.2.3 all contained
additional sequence upstream of that previously identified for the E8 gene.
The insert sizes for each clone were analysed by restriction endonuclease
digestion with Apal and Smal. This showed that clone 8.1.6 had an insert
of ~3.5 kb, 8.2.1 an insert of ~1.2 kb, and 8.2.3 an insert of ~2.8 kb (figure
4.4.1). As the insert of clone 8.2.1 was smaller than the size range of the
original 2-5 kb fraction used for construction of the library, the clone was
not analysed further as it was possible that it had undergone some form of

rearrangement or deletion in the bacterial host.

Clones 8.1.6 and 8.2.3 were sequenced in their entirety using automated
sequencing. The largest of the two clones, 8.1.6, overlapped with the
previously known E8 sequence by 2388 bp and gave 1423 bp of new
sequence. Clone 8.2.3 had the same 5-end as clone 8.1.6 but had a shorter

overlap with E8 of 1366 bp.

Analysis of the new sequence showed an open reading frame of 361 amino
acids continuing upstream of the old sequence (figure 4.4.2). This was
preceded by several in-frame stop codons. It was observed that further
upstream was a methionine followed by two charged residues then a
stretch of hydrophobic residues, consistent with a signal sequence. This

sequence will be analysed in more detail in section 5.3.
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Figure 4.4.1 Restriction enzyme digest analysis of the insert sizes of
clones 8.1.6,8.2.1, and 8.2.3

One microgram of each clone was digested with restriction enzymes

Apal and Smal. The digests were run on a 1% agarose gel.

1 A DNA digested with EcoRI &

HindIIl
2 8.1.6
3 821

4 8.2.3
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Figure 4.4.2 DNA and deduced amino acid sequence of clone 8.1.6

Sequencing of clone 8.1.6 indicated an insert size of 3785 bp.

An open reading frame was apparent from position 340 of the
sequence which continues until the end of the clone. The sequence
which overlaps with previously identified sequence in clone E8-
END and lambda clone E8 is shown in green. A putative intron,
with conserved 5' and 3' splice sites (shown in red), is present at
position 203 to 340. A putative initiating methionine residue is
encoded by an ATG codon at position 150-153, followed by sequence
characteristic of a signal sequence, shown in orange. These features

will be discussed in further detail in chapter six.



GATCGACAAGTAGAAAATTAAAGCGATTAATGTAGAACAAAATTAATATTAAGAAATAAA 60

ATAAAATAAAACAAAAACATCAAAAATATAGAAGAAAAAACATATATATAATATATTTTT 120

TTAACTCAAAAATATATATTATATTTAACCATGAAAAAATATATTTATATTATTAGTTTG 180

M KKY 1Y 1lI1lSL
GCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTTAACAAATTATTTCAATTCTT 240
A A F F I S F e

GGGTTTACATATTTTATTTAATATGTTTATGTGTATTAATTATGCAAATGTGTAAATTCC 300

TATACTAATATTACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGTGCAACCAA 360
................................................................................. DI I CATK
AATTGAGGAAAATAAAAACAAGAATGCCACAAAGTTAAACAATTATAATCCATACCATAA 420
Il EENKNIKNATIKLNNYNPYHN
TTTAGAAGAAAGTGATTTTGATAATTCAAACTTTTTAAATGAAAAAAAATATGATAATAA 480
LEESDTFDNSNFLNEIZKIKYDNK
AAATAATTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATTTCCT 540
NNSINNEKYI QPHSINNNFIL
TCAAAATAAAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGAC 600
Q NKKDINNTIKITLYNEYNKT
AAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAAAAACAAATAACATATT 660
N NI DNFRNFNHEMHEIKTNNIL
AATTGAAAATAATAATTCCTTTTTACAAATAACCGCTATATCTGAAATAAATAAAGATAC 720
Il ENNNSFLQI TAI SEI NIKDT
GITAGATACGGTCGATACTATATATGGTGTAAATGATAATGAAAGCGTATTGTGGTTTTT 780
LDTVDTIYGVNDNESVLWFF
TTATAAACTTCTATATTCTGTTGAATATATTAAAAAAATGTTAAGTAACTTAAATATAGG 840
YKLLYSVEYI KKMLSNLNIG
TCTATCCAGTGAGCAAACTAAAATAAAGACAGATCAAAATGTTGTTATTAATGACGTCAG 900
LS SEQTKIKTDAQNVVINDVR
ACAAACAAACGCGTCATGTTATTCTGAAAAAAATGAATTAATAAATAAATTGGGCAATAT 960
Q TNASCYSEIKNETLINIKLGNI
ACACAATCCTTTTTATAATTTTCATAATGATCGTTCGATAGATGATTATAATTTATATAC 1020
HNPFYNFHNDIRSIDDYNLYT
ATCATCAAAAAATAATTTTGTAAATTGTTTAAAAAAAGGATTTGAAAATATAAAAAAAAA 1080
S SKNNFVNCLIKKGFENIKKK
AACAAATGATATTATTTCATATGAAGAAAAATTATATACAGATAAATGTAAAAATAGCTC 1140
TNDIISY EEIKLYTDI KT CI KNS S
CAAACTCAAGAATACTACTAAGAAACCTTCTGAATTTTGTAAAAATGTGATGAATCTCAA 1200
KLKNTTIKKPSETFCIKNVMNILN
TGTATCTCGTAAAAATAGT TGGGAAGTTCCCAAAAATAACGAAATAATTTCATTTATAGA 1260
VS RKNSWEVPKNNEIISTFID
TTTTCTAATAGAAAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAACTAGA 1320
FLI EKLKSNNYPMTLVTHIKTLTD




TTTTATAAAAAAACAATTCGAGGATATTAAAAATAAACACAATAAACACATAAAAATATG
FI KKQFEDIKNIKHNIKMHIKIC
TAAACAAGAAGAGATTGTTGTGAACAAATGTACCAACAACATTGATAATAATAATTGTGA
KQEEI VVNIKCTNNIDNINNNTCD
TAAACATTTTAATGAAATTAAAAAAATAGCCGAATCATATAGCATTATATTTTATAATTA
KHFNEIKKIAESYSIIFYNY
TACAATTTTAGAAAATTTAGAATCAGTAAATATTACATATAAGGAGTCCTTAGATTACTT
TILENLESVNITYKESTLDYF
TTTTAATTCACTAGGGAAATTATTAATAAACAAAGTAGATTCCGATGGAAATATAATAGA
FNSLGIKLLINIKYVDSDGNIIE
AGAAAATGATATTGATAATTTTGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGA
ENDIDNFDLSKPKNNFIKTLILE
AGGTGAATTAAATGGAGTATTTGAAAATAAATGGAATGATTATAAAAATAATAAAAATCT
GELNGVFENKWNDYIKNNIKNL
TGATCAATTCAAAGATACAATGAAAAAAATAATATTATTAATTATACAATATATGAACGA
DQFKDTMIKIKIILLIITQYMNE
ATTTAAAGGCTTGAATGACGCTATGACAAAACTAAAAAATGAAGGTATTTCACAAAAATT
FKGLNDAMTI KLIKNEGI S QKF
TGTGATTAATAATCAAATAAAACAAAAATTCGATAAATCAACTTATGATGAAAAAAAAGA
VI NNQIKQKFDIKSTYDEKKE
AGGGTTTGAAAGTTCTCTTGAATTAGCAAAAAATTGGGAAAAAAAAAAACTCGAAATAAT
GFESSLELAKNWEIZKIKIKTLEI
AACGGAATTAAAAAAAAAAAATGAAGAAACTGTTCAATTGGATATAAAAATTAGAGAACT
TELKIKIKNETETVAQLDIIKIRTEIL
AATTAAACAAATCAAAGATATTATAGAGGAACAAAAAATAGTGAACGATTTAAAATTAGA
I K QI KD1I EEQKI VNDIULIKTLE
ATTAAACAAAAAAATAAAAGAAATAACTGAGAAAATTGAATATATTAAAAAAGCAGTTGA
LNKKIKEITEIKIEYIlI KKAVD
CTTAAAGAAAGAAATAGAAAAAGACAACGTATATATTGATGAATTAGCTAAGGAACCACC
LK KEIEKDNVYI1IDELAIKEPP
ATATCAAATTACAAAATATATAGAAAAAAAAAATGAAATATATAATACAATAAAATCAGA
Y QI TKY Il EKKNEIYNTIKSD
TTTTGACAAAATTTATGTAGGCGATATTGAACAACTTTACAATGAAATGTTTTCTGTAGT
FDKIYVGDIEQLYNEMFSVYV
TCAAGAAAGTAACATTGAGCATATAGAAAATAAAACAGAAATTCTAACTTTAAAAACGAA
Q E SNIEHIENIKTEILTLIKTK
AATAGATAATGTATATAATAATATCCAAAACATGGAAACTGAAACAGTTAAATCACATCT
I DNVYNNIQNMETETVKSHL
AAAGAATATAGAAACTAACAACAAACTATCAGAAACAATTTTGGATATAATAAAATATAT
K NI ETNNIKWLSETILDIIKYI
ATATGGAGAGATTACCAACGAGCTAAATAAAACATTAGAAGACTTTAAAAATAAAGAAAA
Y GEI T NELNIKTLEUDTFIKNIKEK
AGGACTATCCAATAAAATAGATGAATACGCTAAGGAAAATGTCCAATTAAATGTTTATAA
GLSNIKIDEYAKENVQLNWVYHK

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



ATCTAACATATTAGAAATCAGAAAGCATTATAATGATCAAATTAATATAGACAATATTAA
S NI LEIRKHYNDA QINIDNIK
GGAAAAAGAAGCCAAACAAAACTATGATCAATTCAAAGAACATATGAAAACAATACCACC
EKEAKQNYDQFKEHMKTI PP
TAACGAAAATGAAATATCAAAAACCATCAATGAGATAAAAATTATGAAAGACGAATTCTT
NENEISKTINEIKI MKDEFL
GAGTAAAGTAAATAAATATAATGATTTTGACAAAGTTTATAAAGAAAAGGT TGAATCAGA
S KVNKYNDTFDI KVYKEIKVESE
ACACAATAAATTTACTGAATTAACAAATAAAATAAAAACAGAAGT TTCGGATGAAGAAAT
HNKFTETLTNIKIKTEVSDE E I
AAAAAAATATGAAAACAAATTTAATGATAGCAAATCTTTAATTAATGAAACAAAAAAATC
K KYENIKFNDS SIKS SLINETIKKS
CATTGAAGAGGAATATCAAAACATTAATACACTTAAAAAGGTAGATGATTATATAAAAGT
| E EEY QNINTLIKKYVDDYIlI KV
ATGTCTAAATACAAATGAATTAATAACAAATTGTCATAATAAACAAACTACATTAAAAGA
CLNTNELITNC CHNIKQTTLIKD
CAAATTAAATCAAAATATTAAAACCATAAAAGAAACTAATTCAATAGATAAAATTTATAC
KLNAQQNIKTIKETNZSIDIKIYT
AGACAAGTTTGAAAATATATTAACAGATAAAAAGACAGAATTAGAAACAAAATTCACAGG
DKFENILTDI KKTELETIKFTG
ATTGTCTTTAAATAATCACGAATCGAATAACAAAGAATTGCTAACATATTTTTATGATTT
LSLNNHES SNNIKETVLLTYFYDIL
AAAGGCAAATTTAGGAAAAAATAAAGAAAACATGT TATATAAACAATTCAATGAAAAAGA
K ANLGKNKENMMLYIKAQFNEKE
AAAAGCTGTTGAAGATATTAAGAAAAAAAATGTAGATATAAATAAAATTGTTTCAAATAT
K AV EDI KKKNVDINIZKIVS NI
TGAAATAACAATTTATACATCCATTTATAATATTAATGAAGATACAGAAAATGAAATTGG
EIT TI1 Y TSI1IYNINEDTENEIG
AAAAAGTATAGAATTACTAAATACCAAAGTACTTGAAAAGGTAAAAGCAAACGTAACCAA
K SI ELLNTAKVLEIKVYKANVTN
TTTGAATGAAATAAAGGAAAAATTAAAAGATTATGATTTTCAGGATTTTGGAAAAGAGAA
LNEIKEIKLIKDYDTFAQDTFGHKEK
AAATATTAAATATCCTGATGAAAACAAAATTAAAAATGATATTGATACATTAAACCAAAA
NI KYPDENIKIKNDIDTLNA QK
AATCGATAAAAGTATAGAGACATTAACGGAAATAAAAAAAAATTCAGAGAACCATATTGA
I DK SI ETLTEI KKNSENMHID
TGAAATAAAAGGACAAATAGATAAATTAAAAAAAGTACCAAATAAAACAATGTTTAACGA
EIT KGQIDKLKKVPNIKTMFNE
GGATC 3785

D

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780
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4.5  Screen of library with the 5' end of clone 8.1.6

Clone 8.1.6 appeared to contain the initiating methionine and the N-
terminal coding portion of the Py235-E8 gene. It also contained 150 bp of
sequence upstream of the putative translation start site of the gene. One of
the aims of the project was to analyse sequences upstream of the
transcription start site of one or more of the genes encoding the 235 kDa

protein.

In order to get more 5' sequence, the genomic library was screened with a
probe corresponding to the first 950 bp of clone 8.1.6. This probe was
generated by PCR from P. yoelii YM genomic DNA using primers E8-NEW
and 8.1.6-5'. The PCR product was separated by agarose gel electrophoresis
and purified.

After three rounds of hybridisation to isolate single colonies, two clones

were isolated which were positive by hybridisation, clone 5 and clone 7.

4.5.1 Analysis of clone 5 and clone 7

Restriction enzyme digestion of the plasmids with BamHI and Kpnl to
liberate the inserts showed that clone 5 contained an insert of ~2.2 kb, and
clone 7 an insert of ~2.4 kb with an internal BamHI or Kpnl site (figure
4.5.1). The clones were sequenced using the ABI 377 system. (figures 4.5.2
and 4.5.3).

Sequencing of the two clones demonstrated that clone 5 had significant
homology with the 5'-end of the E8 gene, but appeared to represent part of
another member of the gene family. An alignment of the two open

reading frames is shown in figure 4.5.4. Clone 5 also contains what appears
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to be the 3' portion of an intron in an identical position as the proposed
intron of the E8 gene. The 3' consensus dinucleotide splice site for a
eukaryotic intron - AG - is present. The intron contains 80% A+T
nucleotides. This is not significantly higher than the 77% A+T content of
the rest of the clone. Often in Plasmodium the non-coding intron
sequence contains a higher A+T content than the coding sequence. A
comparison of the nucleotide sequences of the two proposed introns was
carried out and they were shown to be 91% identical.

Clone 7 contained more sequence upstream of the 5'-end of clone 8.1.6.
The clone is 2439 bp and has an overlap of 823 bp with the 5'-end of clone
8.1.6, and therefore contains 1616 bp of additional sequence. Analysis of
potential promoter elements contained within this sequence will be carried

out in further chapters.
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Figure 4.5.1 Restriction enzyme digest analysis of the insert sizes of

clones 5 and 7

One microgram of each clone was digested with restriction enzymes

BamHI and Kpnl. The digests were run on a 1% agarose gel.

1 A DNA digested with EcoRI and HindIII
2 clone 5

3 clone 7



2027

1375

947



SCREENING THE LIBRARY WITH E8-SPECIFIC PROBES 151
Chapter Four

Figure 4.5.2 DNA and deduced amino acid sequence of clone 7

Clone 7 is 2439 bp long and has an overlap with clone 8.1.6 of 823 bp,
which begins at position 1616 and continues to the 3' end of the
clone. There is no more coding sequence in the additional 1616 bp.
The intron splice acceptor and donor dinucleotides are highlighted

in red, and the putative signal sequence is shown in blue.



GATCAAGTAATAGTTTATTCGCCAATTACACACCCATGAAAATTATGTTTATTTATTTAC

TTATTATTACTACTATTTTATTATTGTATACTACAGCGGTCTAATTAATGAATACAATAG

AATACTTTAAACCAATCTATAACATTCCATTTATATTTTTTTTAAAATAATTTATTTATA

ATATATATATTCTAATAAAAACGATATATTTAAAACATATATTTACGAATTTTTATATCT

ATAATACCATAAAATATAATTAAAAACAAATCATTTGCTATACAAATTTTCTATAAAATC

TACATTCATATATAAATATATTAATTTGCCTGAATCAAATAATATTCAGTATTTAATCAT

CAATATAACATTAAAAAATGTATATAGTAGGATAAATAATTCCAATTTTATATCCCATTT

TTTATTCATTATTACAAACATTCTTATATTATACCCATTTTAAAATATATTAATTTTATA

CAAATTTACACTTCCCAAACTATATATGTGTAGCTATTAAAATAAAAAAATAATTTTAAT

AATATAGTGTTAACCTTTATGAAAAATAAATTAAACCATATAAACCATTTCTGCTTTATT

ATTCGAAAATTAACAAAAAAATTTAAATAATTAAATTCAAAAAAATGTGTTAATATAATC

CAAATTTCCATTATTTATTATTCATATATTTATAATAAATTTTTATTATTAAGATATATA

ATTAAGTATGGGCAAAAATATAATAATTACCAATTTGGGGATAATTTATAAAAGTTGTTA

TATATGATTAACCAAAACTTACCATTAAAATATAATATACTAATATTATACATTAATAAT

GCTTAATCTATATAAACTCATCATATTTTAAGACTAAATTTGATTATAAATTTTTTATTT

ACGATGTTACTTTTATGTTAATTCTTATATATCTCTCCTGTGTCCAAAATTTTGTCTTTA

TCTAGAGGTTAAAAATTCAGGTTGTAGAGATTTTTTTTATAATTTTTACTTATATTTAAA

CAATTTATTATTTATATATATTGTTTAATAAATATTATCAAATTCTACATATTTGATTAA

AACAAAACTCTACACACGGAACCTGGGTACCATCTTAATTTTGGTTCTATATACATGACA

CTAATTATTTATTCTAAAACCGAAACATGGAGAATTTTTAATTAAAATTTCCATTGATTT

TCTGCATGCATAAAAAGTAAAATAAAAAGGTCTTTATTTTGAATCACTATTTCCCTTTAT

TTGGAAATTATTATAATATTTTTTTAATTAATATGTGTAAGTGTTTTGGTGTTTTCCAAT
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TTTTGTCGGTACACATTTATCTTAAAAAAAAGTTATAATGCAATTATTAAATTTTTTATT
TATATAAATTAAAAAAAAATGAGAGCATAATTATTAATTCCCTTTTTTTATCTACACACC
AATAAATAATTTGTTAATTTTTAATTTAAAAATTTTATTTAATGGAAAATTATTTGTTTT
ATATACTTACACAAATATTTTTTATTTATATATAAAAATGAAGAATATTATCTTTAAATA
AAATGATCGACAAGTAGAAAATTAAAGCGATTAATGTAGAACAAAATTAATATTAAGAAA
TAAAATAAAATAAAACAAAAACAT CAAAAATATAGAAGAAAAAACATATATATAATATAT

TTTTTTAACTCAAAAATATATATTATATTTAACCATGAAAAAATATATTTATATTATTAG
M K KY IYTITIS
TTTGGCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTTAACAAATTATTTCAAT
LA A F F I S F ittt

TCTTGGGTTTACATATTTTATTTAATATGTTTATGTGTATTAATTATGCAAATGTGTAAA
TTCCTATACTAATATTACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGTGCAA
............................................ DI I CA
CCAAAATTGAGGAAAATAAAAACAAGAATGCCACAAAGTTAAACAATTATAATCCATACC
T KTIETENI KNIKNATIKTILNNYNFPY
ATAATTTAGAAGAAAGTGATTTTGATAATTCAAACTTTTTAAATGAAAAAAAATATGATA
HNL1EESDFDNSNEFLNETIKIKYD
ATAAAAATAATTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATT
NK NNSINNEIKYTIU QPHSTINNN
TCCTTCAAAATAAAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATA
F L QNIKJKUDTINNTIKTITIULYNTETYN
AGACAAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAAAAACAAATAACA
K T NNTIUDNFRNFNWHEWHTETZKTNN
TATTAATTGAAAATAATAATTCCTTTTTACAAATAACCGCTATATCTGAAATAAATAAAG
I L T ENNNSTFLQITATISETINHK
ATACGTTAGATACGGTCGATACTATATATGGTGTAAATGATAATGAAAGCGTATTGTGGT
D TLDTVDTTIYSGVNTDNESUVLW
TTTTTTATAAACTTCTATATTCTGTTGAATATATTAAAAAAATGTTAAGTAACTTAAATA
F FYKLLYSVEYTII KI KMLSNILN
TAGGTCTATCCAGTGAGCAAACTAAAATAAAGACAGATC 2439
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Figure 4.5.3 DNA and deduced amino acid sequence of clone 5

Clone 5 is 2153 bp long and has an open reading frame of 675 amino
acids which begins at position 128 in the DNA sequence. The
sequence from position 1 to 128 does not contain coding information
in any frame. At positions 127 and 128 is an AG dinucleotide
(highlighted in red). This is consistent with the consensus 3' splice
site in eukaryotes, and as will be shown in figure 4.5.4 and 4.5.5,

aligns exactly with the splice site present in Py235.E8.



GATCTTTAACAAATTATTTCAATTCGTGGGGTTACATATTTTATTTAATATATGTTTATA

TATTAATTATGCAAATTTGTATATTCCTATACTAATATTACTTAATTTTTTTCACCATTA

ATATGCAGATATAATTTGTGCAACCAAAATTGAGGAAAATAACAACAAACATGCCCCAAA
DI 1T CATIKIEENNNIKUMHAPN
CTCAAACAATTATATTCCATACCATAATTTAGAAGAAAGTGATTTTAATGATTCAAACTT
S NNYI PYHNLETESUDTFNDSNF
TTCAAATGAAAAACAATATAATAATGAAAATAATTCCATTAACAATGAAAAATATATACA
S NEKQYNNENNSINNEIKYIQ
ACCACATTCAATAATTAACAACTCCCTTCTAAATAAAAAAGACATAAATAATACAAAACT
PHSITI NN SLLNIKIKDINNTAKIL
AACATTATATAATGAATATAATAAGACAAATAATCTTGATGATTTTAGAAAATTTAATCA
TLYNEYNIKTNNLDUDTFRIKTFNH
TGAACATGAAAAAACAAATAACAGCTTAATTGAAATTAATAAGTCTTTTTTACAAATGAG
EHEKTNNSLIEINIKSTFLAQMS
CATCGTATCTCAAGTAAGTCATGAAGTATTCGATATGATCGAAGT TCTATATGATGTAAA
l'v sQVSHEVFDMIEVLYDVN
TGATAATGACAATGTGT TATGGCCTTTTTATAAACCTATATATTCTTCTAAATATATTAT
DNDNVLWPFYKPIYSSKYI|I
AAAATTATTCGAGAAATTCAGTATACCCTCAACTTCTATTAAAAAAAATAAAATGAAGAA
KLFEKFSIPSTS SI|I KIKNIKMKK
AGACCATGACCAGGTTTTTAATAAAATCGCAATAACAAACCGGTTATGCATAACTGAAAG
DHDAQVFNKIAITNRLTC CITER
AAATGAATTAATTAATCAAATGGGGAATATACACAATCCCTTATATAATTTTTATAATAA
NELINOQMGNIHNPLYNTFYNN
CCCTCCGATGGATGACTATAACTTATATAAATCATCAAAAACCAAGTTTGTAAATTGTTT
PP MDUDYNLYKSSKTIKFVNTC CIL
AAAAAATAATTTTGAAAACATAAAAAATGAAATAAATAATGTTATTTCAAGTGAAGAAAC
K NNFENIKNEINNVISSETET
ATTGTATAAAACGGAATGTAAAAATAGCAACAATCTCAAGAGTTCTACTCAGAAAGATTC
LYKTET CIKNSNNLIKSZ STAQIKD S
TGGATTTTGTAAAAATGTGATAAGTATCGGTATAACTTATAAAAAAAAATCGGACATTCC
GFCKNVISI GITYKKKSDIP
CAACGATAATGATATTATTCCATTTATAGATTTTCTAATAGAAAAATTAAAACCAAAAGA

NDNDIIPFIDFLIEIKLIKPKD
TGATTTAAAGAGTCTTATAATCAAACTAAATTTTATAAAAGAACAATTCAAGGATATGAA
DLKSLIIKLNZFIKEA QFIKDMK

AAATAAACATGACAAATACACAAAAATATGTCAAAAAGAAGAGGCTTCTGTGAAAAAATG
NKHDIKYTKICQKETEASVKKTC
TAATGAACCCGATTTAAACAATAATAATTGTGGTAATTATTTTAATGATTTTAAAAAGAA
NEPDLNNNNCGNYTFNDTFKKK

AGCCGATTCGTATAGTATTTTAGATTATAATGATAAAATTATACAAAATTTAGAAGCAAT
A DSY SI LDYNDI KIIQNLTE A/
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ATATTATACTTATAAAGAATCCTTAGAATACTTTTTTAAATCAATAGGGGAATTATTAAT
Y Y TYKEZ SLEYFFIKSI GETLTL
AGACAAACCAGATTCAAATGGAAATATAATAGACAAAGATGGTATTAATGATTTCGATTT
DKPDS SNGNIIDIKDGINDTFDIL
GTCTACACCCAAATCTAGATTAAAATCTTTAGAAACCGAATTCCATACAATATTTGAAAA
S TPKSRLIKSLETEFHTIFEN
TACATTGGATTTTTATAAAAATAAACAAAATCTTGATAATTCCAATGATACAAAAAAAAA
TLDFYKNIKQNLDNSNDTIKKN
TATAATATCATTAATTTTACCACTTATGGATAAATTTACAGATTTAAATAAGTCTATGTT
It s i L PLMDIKFTDILNIEKSMIL
AAATTTAATAAATGATGGCGTTTTACAAAAACATATGACTATTACTCAAATAAAACAAAA
NLINDGVLQKHMTITAQIlI KAQK
ATTAAATCAATCAACTTATGAAGAAAGAAAAGAAGGGT TTACATCTGCCCTCGAATTAGC
LNQSTYEERIKEG GFTSALTETLA
AGAACGTTGGGAAAAGAAAAAACTCGAAACAATAACGAAGT TAAACAAAGAAAACGAAGA
ERWEIKKKLETITIKLNIEKENEE
AACTGTTAAATTGGAAAAAGAAATTAGAGAATTATTTAAAAAATACTCAGATGAGGTGGC
TVKLEIKEIRELFIKKYSDEVA
TGAAAAGAAACATGTAGAAGAATTAAAATTAAAATTAAAAGAAACAATAAAAGACATATA
EKKHVEELIKLIKLIKETIKDIIY
TAACAAAAAGGAATATATTAAAAAAGCAATTGACTTAAAGAAAGCAATAGAAAATAATAA
NKKEYI KKAIDLIKIKAI ENNN
TAAATACATTGATGAATTAGGTAAAAATACGCCATTTCAAATTGAGGAATATGTAAAGAA
KYIlI DELGAKNTPFQI EEYVKHK
AAAAGATACAATATATAGTACAATAAAATCAGAGTTATCCGAAATTTATAAAGGTAACAT
K DTIl1Y STI1IKSELZSEIYKGNI
TGTTGAGCTTTACAATGAATTGTCTTCTGTAGTTCAAGAAAATACCATTGATC 2153
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Figure 4.5.4 Alignment of clone 5 with E8

The overlapping amino acid sequences of clone 8.1.6 and clone 5
were aligned using the MegAlign program of DNAStar. Identical
reéidues are shaded in green. There is considerable identity between
the two sequences and this, along with the conservation of the 5'-
end intron, suggests that the two genes have evolved from a
common ancestral gene and are members of the same multigene
family of P. yoelii.. There are eight conserved cysteine residues,

shaded in red.
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Figure 4.5.5 Alignment of the introns of clone 5 and E8

The intron of E8 and the proposed intron of clone 5, of which only
partial sequence was available, were aligned using the MegAlign
program of DNAStar. Identical nucleotides are shaded in green.

The identity of the introns is 91%.
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To test the hypothesis that the gene contains a short intron at its 5'-end
reverse transcriptase PCR (RT-PCR) was carried out on total P. yoelii YM
RNA.

5.1  RT-PCR

Primers were designed to amplify the region either side of, and across, the
proposed intron sequence. PCR product amplified from genomic DNA
will contain the intron, whereas PCR product derived from messenger
RNA, from which the intron will have been removed by the parasite's
splicing machinery, will not. Thus, if the hypothesis that the gene contains
an intron is correct, a smaller product should be seen in the RT-PCR

reaction as compared to the genomic DNA control reaction.

XIA XIB

1 A A
ATG T
putative intron R2 R1

Primer positions and sequences:

XIA: 5-ACCATGAAAAAATATATTTATATTATTA-3'
1 25
XIB: S5-TTTGGCTGCATTTTTTATTTCC-3’
27 48
Rl:  5-CGACCGTATCTAACGTATC-3’
592 572
R2:  5-GCGGTTATTTGTAAAAAGGAATT-3'
553 531
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(all sequence positions are given using the A residue of the putative

initiating ATG codon as position 1).

cDNA was synthesised from 1pg total P. yoelii YM RNA using the primer
E8.NEW.RC. Purified cDNA was used as a template for PCR using primers
X1A and R1, and a subsequent nested PCR reaction was performed on a
100-fold dilution of the first PCR using primers X1B and R2. One would
anticipate a PCR product of 520 bp from genomic DNA or unspliced RNA,
and a reduction in size of approximately 140 bp from the cDNA derived

from spliced mRNA if the intron boundaries had been correctly assigned.

From agarose gel analysis of the PCR products, the sizes were consistent
with the presence of a 139 bp intron being present in the gene at the
anticipated location (figure 5.1.1). It should be noted that both the larger
and smaller bands are present in the reaction with RNA as the template.
This is due to the presence of contaminating genomic DNA in the RNA
preparation. The control reaction which did not include RT shows only
the larger band, indicating that the smaller band is derived from RNA.

The RNA derived product was cloned into the vector pMOSBlue and

sequenced (figure 5.1.2).

This analysis showed that the smaller, RNA-derived product did, indeed,
have 139 bp missing when compared to the corresponding genomic DNA
sequence. This was indicative of there being an intron at the 5'-end of the
gene which is removed by the parasite's RNA-pfocessing machinery after
transcription. The intron is marked by consensus intron junctions which
have been described for Plasmodium genes (Weber, 1988) and other
eukaryotic genes, with the dinucleotide -GT- at the 5' boundary and the

dinucleotide -AG- at the 3' intron boundary.
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It is very common for Plasmodium genes to contain a short intron just
downstream of the translation start site and signal sequence. Such an
arrangement is seen in a number of Plasmodium genes, for example
reticulocyte binding protein-1 (RBP-1) of P. vivax (Galinski et al., 1992),
knob associated histidine rich protein (KAHRP) of P. falciparum (Triglia et
al., 1987), and RhopH3 of P. falciparum (Brown and Coppel, 1991).

In addition to the RT-PCR data establishing the presence of an intron in
the E8 gene, they also prove that the E8 gene is indeed transcribed. This is
the first evidence that a specific member of the 235 kDa rhoptry protein

multigene family is expressed.
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Figure 5.1.1 RT-PCR of P. yoelii YM RN A

Ten microlitres of each RT-PCR reaction using primers X1B and R2

was run on a 1% agarose gel.

1 A DNA digested with EcoRI & HindIIl
RNA as a template + reverse transcriptase

RNA as a template - reverse transcriptase

s~ W N

DNA as a template

In lane 2, two bands are present. The upper PCR product is DNA-
derived owing to the presence of contaminating genomic DNA in
the RNA preparation. This band is also present in the control
reaction performed without the addition of reverse transcriptase
(lane 3) and the genomic DNA control reaction (lane 4). The lower

band in lane 2 is RNA derived.
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Figure 5.1.2 DNA and deduced amino acid sequence of the RNA
derived RT-PCR product

The RNA derived RT-PCR product was cloned into the TA cloning
vector and sequenced. The sequencing confirmed the presence of a
139 bp intron at the 5'-end of the Py235.E8 gene. The splice site is

denoted by an arrow.



splice site
I

TTTGGCTGCATTTTTTATTTCCTTCGATATAATTTGTGCAACCAAAATTGAGGAAAATAA 60

LAAFFI1 S FDIICATIKIETENK
AAACAAGAATGCCACAAAGT TAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGA 120

NKNATKLNNYNPYHNLETETSTD
TTTTGATAATTCAAACTTTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAA 180

F DN SNFLNEIKIKYDNIKNNSIN
TAATGAAAAATATATACAGCCACATTCAATAAATAACAATTTCCTTCAAAATAAGAAAGA 240

NEKYIl QPHZ SI NNNTFLQNIKIKD
TATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAA 300

I NNTK I TLYNZEYNIKTNNIDN
TTTTAGAAATTTTAATCATGAACATGAAAAAACAAATAACATATTAATTGAAAATAATAA 360

FRNFNMHEMHEIKTNNILIENNN
TTCCTTTTTACAAATAACCG 380

S FLQI T
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5.2  Analysis of the putative translation start site

The nucleotide sequence surrounding, and more importantly preceding,
the initiating methionine of all genes has been shown to be important in
determining the start site of translation of that gene (Kozak, 1986)
According to the scanning model of translation initiation, the 40S
ribosome subunit binds to the m’G cap at the 5-end of the messenger
RNA, stopping only to initiate translation when it encounters an AUG
codon which lies in a context optimal for translation initiation. Analysing
the effects of single base substitutions around the AUG initiator codon has
shown that the sequence surrounding the initiating methionine codon
which leads to optimal translation is
3211234

ACCAUGG

The dominant effect of a purine residue, and particularly an adenine
nucleotide, in position -3 has been established (Kozak, 1986).
The nucleotide sequence surrounding the initiating AUG codons of
Plasmodium  falciparum genes has been analysed and a consensus
sequence revealed (Saul and Battistutta, 1990).

32-11234

AAAATGA

The putative initiating methionine codon of the Py235-E8 gene shows a
surrounding nucleotide sequence of
32112 34

ACCATGA
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This is extremely similar to the optimal eukaryotic sequence, but varies
from the P. falciparum consensus sequence. The sequence identified for P.
yoelii genes would not necessarily be expected to be so closely related to P.
falciparum sequences as the rodent parasite does not have the extremely

A+T biased genome of the human parasite.

A search of DNA databases to analyse the nucleotide sequences
surrounding the initiating AUG codon of other P. yoelii genes was
undertaken (references shown in footnote). The sequences from position -
4 to +4 were compared. A consensus was calculated for P. yoelii sequences,
with the numbers in subscript denoting the percentage occurrence of the

nucleotide in that position.

4 3 2 -1 1 2 3 4
Merozoite surface protein—l1 G A A A A T G A
Sporozoite surface protein22 A A A C A T G A
cAMP-dependent proteinkinase3 1T A A A A T G A
ATPase? T A T A A T G G
Cytochrome oxidase b° T T A T A T G A
235 kDa rhoptry protein A A C C A T G A
Majority Ty Ay As A5y A T G A,
P. falciparum consensus® A A A A A T G A
Eukaryotic optimal” A C C A T G G
. References:
1 Lewis A.P. (1989) Molecular & Biochemical Parasitology 36, 271-282

Rogers W.O. et al (1992) Molecular & Biochemical Parasitology 53, 45-52
Saito-Ito A. et al (1995) Biochimica Biophysica Acta 1269, 1-5

Murakami K. et al (1990) Journal of Cellular Science 97 (3), 487-495

Vaidya A.B. et a; (1989) Molecular & Biochemical Parasitology 35, 97-107

Saul A. & Battistutta D. (1990) Molecular & Biochemical Parasitology 42, 55-62

N N s W N

Kozak M. (1986) Cell 44, 283-292
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From this rather limited analysis, the most conserved residue is the
adenine nucleotide at position -3, and an adenine nucleotide at position
+4, both of which occur with 83% frequency in the genes examined.

The sequence surrounding the initiating methionine residue of the Py235-
E8 gene is extremely similar to the optimal sequence identified for
eukaryotic genes (Kozak, 1986), varying only in the nucleotide at position
+4 (A rather than G). This suggests that translation initiation from this

site would be extremely efficient.

5.3  Analysis of the proposed signal sequence of Py235-E8

The proposed signal sequence of Py235-ES8 fits into the rather loose rules
defining which sequences can act as signal sequences (vonHeijne, 1985).
The two lysine residues following the initial methionine are positively
charged, followed by a stretch of largely hydrophobic residues. More
significantly, the proposed signal sequence shows a high degree of
homology to the putative signal sequence of another Plasmodium gene -
the acidic basic repeat antigen (ABRA) of Plasmodium falciparum , an
exoantigen which is secreted into the parasitophorous vacuolar space, but
has also been shown to be loosely associated with the merozoite surface

(Weber, 1988).

1

25

Py235E8 MKKY - 1 YI I SLAA VSS DI T CAT KI

PPABRA MMNMK 7V LFs 2 LL
1

o identical residues
O similar residues

R N1 _ZSON JC

25
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Comparison of the first twenty-five residues of the two proteins shows that
they share 9 of 25 residues (36%), lending support to the hypothesis that the

sequence acts as a signal peptide for the 235 kDa protein of P. yoelii.

From a detailed analysis of thirty-nine signal sequences and their cleavage
sites, Perlman and Halvorson have proposed certain rules which allow the
assignment of signal sequences and cleavage sites for proteins for which
the amino acid sequence is deduced from cloned DNA sequences (Perlman
and Halvorson, 1983). The proposed signal sequence for the E8 gene
encoding the 235 kDa rhoptry protein of P. yoelii YM is

1 33

MKKYIYIISIAAFFISFDIICATKIEENKNKNA

N-terminal C-terminal

There are several features of this sequence which are suggestive of its role
as a signal peptide for the 235 kDa protein, consistent with the guidelines

for the assignment of such sequences (Perlman and Halvorson, 1983):

1. The sequence contains a core of largely hydrophobic residues. In the
case of the 235 kDa protein's sequence, this consists of 14 residues. In
general, the hydrophobic core contains 12 residues on average, with the
observed lengths ranging from 8 to 15 residues.

It has been proposed that the hydrophobic core of the signal sequence
participates in the transmembrane orientation, binding and alignment of

the signal sequence for cleavage by a signal peptidase enzyme.

2. Immediately preceding the hydrophobic core there are two lysine

residues. Again, it is a common observation that the majority of signal
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sequences possess such an arrangement, that is, the presence of one or
more positively charged amino acids preceding the hydrophobic core of the
signal sequence. From the analysis of Perlman and Halvorson, who
studied thirty-nine signal sequences of proteins from a wide range of
organisms, 87% of the sequences were found to contain one or more
positively charged residues in the three positions preceding the
hydrophobic core, with lysines at these positions being considerably

favoured compared to other residues (Perlman and Halvorson, 1983).

3. Repeating pairs of residues are commonly observed in signal sequences.
In the case of the signal sequence of E8, there are three such repeated pairs:
YI at positions 4 & 5 and 6 & 7, II at positions 7 & 8 and 19 & 20, and IS at
positions 8 & 9 and 15 & 16. The function of such pairs of residues in the
signal sequence is unknown, but they are present in a significant numbers
of such sequences. It has been suggested that a symmetrical subunit
complex in the membrane may recognise such signal sequence symmetry

units (Perlman and Halvorson, 1983).

4. Immediately after the hydrophobic core, there is a negatively charged
aspartic acid residue at position 18. Again this is commonly observed in

signals sequences.

5. The sequences of signal peptides tend to favour the formation of B-
strand secondary structure. The presence of positive residues at the N-
terminus of the sequence and a negatively charged residue at the C-
terminus of the signal sequence negatively correlates with the tendency of
a sequence to form o-helices. The high isoleucine content (5 out of 14
residues : 36%) of the hydrophobic core gives it a bias for the formation of

B-strands (Perlman and Halvorson, 1983).
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6. The signal peptide cleavage sites have been analysed and a consensus

sequence suggested. This is

A-X-BT

where A is any aliphatic or hydroxy amino acid (and cysteine), B is a subset
of A but excludes the larger aliphatic amino acids such as leucine, valine
and isoleucine, X is any amino acid, and T denotes the site of cleavage by
signal peptidase. The position in the amino acid sequence which is most
favoured for cleavage by the signal peptidase has been observed to be
located between 4 and 6 residues C-terminal of the end of the hydrophobic
core (Perlman and Halvorson, 1983). In the proposed signal sequence for
the 235 kDa protein of P. yoelii, there are three possible cleavage sites
located at positions from 3 to 6 residues C-terminal to the end of the

hydrophobic core:

—- e Ile Cys -
-~ Ile Cys Ala -
- Cys Ala Thr ---

The most likely cleavage site of the three is Ile-Cys-Ala, when compared to
other known cleavage sites, where one of forty proteins studied had a
cleavage site of Ile-X-CysT, none had a cleavage site of Cys-X-ThrT, and
three of forty had a cleavage site of Ile-X-AlaT (Perlman and Halvorson,

1983).
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7. It is common for the secondary structure of the sequence after the
hydrophobic core and the signal peptidase cleavage site to be capable of the
formation of a B-turn. It has been speculated that the turn could be
important for allowing peptidase access to the cleavage site, and that the
signal sequence is inserted into the endoplasmic reticulum membrane as a
hairpin structure (Perlman and Halvorson, 1983). Analysis of the sequence
of the proposed signal peptide of the 235 kDa rhoptry protein using the
Chou-Fasman structure prediction demonstrated that a region of the
sequence from position 29 to 33 was likely to form a B-turn structure. This
region is 6 residues from the proposed signal peptidase cleavage site and 10

residues from the end of the hydrophobic core.

The comments above are summarised in figure 5.3.1.

Such an analysis is purely theoretical, but is based on the studies of known

signal sequences and their cleavage sites.

The overall structure and features of the proposed signal sequence for the
235 kDa rhoptry protein are consistent with those described for other
Plasmodium proteins. RhopH3 of P. falciparum has a signal sequence
which consists of a predominantly hydrophobic core of nineteen residues,
flanked by positively charged lysine residues (Brown and Coppel, 1991). If
the criteria of Perlman and Halvorson are applied to this sequence, the
hydrophobic core begins after four residues with two positively charged
residues preceding it. The core extends for sixteen residues before another
charged residue is encountered, signalling the end of the hydrophobic core.
Cleavage of the signal sequence has been demonstrated to occur between a
glycine and lysine residue positioned four residues after the end of the

hydrophobic core (Cooper et al., 1989), with the A-X-BT sequence in this
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case being Valine-Tryptophan-Glycine, again consistent with the rules
suggested by Perlman and Halvorson.

N-terminal amino acid sequence of P. falciparum MSP-1 has shown that
the cleavage of this protein's signal sequence occurs between a cysteine and
valine residue (Holder et al., 1985). The signal sequence of this protein
comprises a seventeen residue hydrophobic sequence flanked on the N-

terminal side by a lysine residue.

Previous analysis of the sequence of clone E8-END had led to the
assignment of a group of residues in this clone as the putative signal
sequence. These residues lie at position 587-622 in the amino acid sequence

of clone 8.1.6.

5' - MKKILLIQYMNEFKGLNDAMTKLKNEGISQKFV - 3'
587 ' 622

Applying the same criteria to this sequence as the signal sequence at the 5'
end of the gene, it is apparent that this sequence fulfils many of the rules
laid out for assignment of signal sequences. It contains two positively
charged lysine residues after the methionine, has a hydrophobic core of ten
residues immediately after this, possesses pairs of residues in this case
KKIILLII, possesses a negatively charged glutamate residue following the
hydrophobic core, and has sequence capable of forming a B-turn structure
after the hydrophobic core. It does not possess any obvious candidate
sequences for cleavage by a signal peptidase, however the assignment of

these sites is not a particularly precise art and the "rules" are rather vague.
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Figure 5.3.1 Analysis of the putative signal sequence of the Py235-E8

ene

The first 32 amino acids of the Py235.E8 protein were analysed using

the Protean™ secondary structure prediction program of DNAStar™.
This shows the presence of a hydrophobic core, which is predicted to
take up a B-strand structure, followed by a region capable of forming

a B-turn. Consistent with other signal sequences, there is no a-

helical structure predicted.
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54 5'RACE

By definition, the core promoter of any given gene lies upstream of the
transcription start site of that gene. In order to determine the start site of
transcription for the Py235-E8 gene, 5'-RACE (Rapid Amplification of
¢DNA Ends) analysis was performed.

5-RACE is a procedure which allows amplification of nucleic acid
sequences situated between an internal known sequence, and the
unknown 5' end of the mRNA. The specificity of the amplification is
single-sided, as cDNA is synthesised from mRNA using a gene-specific
antisense oligonucleotide - GSP-1. Terminal deoxynucleotidyl transferase
(TdT) is used to add a homopolymeric dC tail to the 3' end of the purified
single stranded cDNA. Amplification of the sequence is achieved by using
another gene specific primer (GSP2) upstream of GSP1 and a primer which
hybridises to the homopolymeric dC tail at the 3' end of the cDNA (figure
5.4.1). Nested PCR amplification using a third gene specific primer (GSP3)

can also be carried out.

Using P. yoelii YM RNA as a template in 5RACE with E8.RC, R1, and R2
as the three gene specific primers (figure 5.4.2), and the abridged anchor
primer (supplied by Gibco BRL), a 5RACE product of approximately 250 bp
was produced (figure 5.4.3). This product was cloned into the pMOSBlue
vector and sequenced (figure 5.4.4). Such analysis demonstrated that the
product was specific for the E8 gene, but suggested that the transcription
start site for the gene lay downstream of the proposed initiating

methionine.



STRUCTURE OF THE Py235-E8 GENE 180
Chapter Five

Such a result appears to be inconsistent with the previous RT-PCR work
described in section 5.1 which suggested that the transcript is much longer,
extending at least 300 bp beyond this point.

The product generated in the 5’RACE experiment is almost certainly RN A-
derived, as double stranded genomic DNA cannot be used as a template by
TdT, would not possess an oligo-dC tail and therefore would not be a
viable template for PCR amplification as it would possess an annealing site
for only one of the primers. The RNA in the sample may have degraded,
but one would anticipate observing a smear of different length 5'RACE

products if this were the case.

A possible explanation for the observations could be the presence of
alternative transcription start sites in the E8 gene. The transcription start
site identified by 5RACE lies 300 bp downstream of the proposed initiating
methionine. 1330 bp downstream of the transcription start site lies another
methionine residue followed by a sequence characteristic of a signal
sequence, which had previously been proposed as the translation start site.
It is possible that the gene has two transcription start sites, or two forms of

transcript, one a truncated version derived from the other.

If there are two forms of mRNA for the E8 gene, why was only the shorter
one detected in 5RACE? It is possible that the shorter form of the message
is much more abundant than the full length transcript, or that PCR
amplification in such circumstances will always favour amplification of

smaller products.

Although the scenarios described would explain the observations, there is
not really enough evidence at present to say that this is certainly the case.

Further work is required in order to determine if there are indeed two
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forms of mRNA for the Py235-E8 gene, and if this is shown to be the case,
whether there are two independent transcription start sites or the shorter
transcript is derived from the longer mRNA by post-transcriptional

processing events such as splicing.
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Figure 5.4.1 5' RACE

The template for 5 RACE is messenger RNA (mRNA), here shown
in pink. A DNA copy of the mRNA (cDNA), shown in green, is
made using a gene-specific primer (GSP-1). The mRNA is degraded
and an oligo-dC tail is added to the 3’-end of the cDNA using
terminal deoxynucleotidyl transferase. Amplification of the cDNA
is achieved by using a second gene-specific primer (GSP-2) which is
internal to the first, and a universal anchor primer (UAP) supplied
by the manufacturer which hybridises to the oligo-dC tail.

In order to sequence the 5 RACE product, it was cloned into the

pMOS Blue vector.
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Figure 5.4.2 Primers used in 5' RACE

The sequences of the gene specific primers used for 5RACE are
given with respect to their positions in clone 8.1.6.
The putative initiating ATG codon and the position of the intron

are also marked.



R2 R1 E8.NEVV.RC
ATG "

intron
150 704 742 1163
J I 1 I
ER.7 ! 8.1.6
2439 bp . 3785 bp
ES.NEW.RC:

5'- GTATTCTTGAGTTTGGAGCTA -3

RI:

5'- CGACCGTATCTAACGTATC -3

5'- GCGGTTATTTGTAAAAAGGAATT -3



STRUCTURE OF THE Py235-E8 GENE 186
Chapter Five

Figure 5.4.3 5' RACE product from P. yoelii YM RNA using E8
specific primers

Ten microlitres of the 5’RACE PCR reaction was run on a 1%
agarose gel. This showed a product of approximately 250 bp.

DNA sizes of the markers are shown in base pairs.

1 A DNA digested with EcoRI and HindIII
2 5'-RACE product



125
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Figure 5.4.4 DNA and deduced amino acid sequence of 5' RACE
product

The 5RACE product was sequenced using the ABI 377 automated
sequencing set-up. The product was 271 bp long which included a 13
residue long C tail at the 5' end (here shown in red). The aspartate
residue (D) codon at the beginning of the 5RACE product is 288 bp
downstream of the putative initiating methionine and 99 bp
downstream of the 3' splice site of the intron identified in section

5.1.



GGGGGGGGGEGGEGGTGATAATTCAAACTTTTTAAATGAAAAAAAATATGATAATAAAAATA 60
DNSNFLNEIKKYDNKN
ATTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATTTCCTTCAAA 120
NSI NNEKYI QPHZSINNNFLAQ
ATAAAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATA 180
NKKDINNTIKITLYNEYNIKTN
ATATTGATAATTTTAGAAATTTTAATCATGAACATGAAAAAACAAATAACATATTAATTG 240
NI DNFRNFNHEMHTEIKTNNITLI
AAAATAATAATTCCTTTTTACAAATAACCGCAAT 274
ENNNSFLQITAM
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5.5 Promoter motifs

If the transcription start site for the Py235-E8 gene is genuinely the one
indicated by the 5-RACE experiment described in the previous section, it
should be preceded by promoter sequences that control the start site of
transcription, such as the TATA box, and others that control the frequency
of transcription initiation such as the CAAT box. The function of such

motifs has been described in more detail in section 1.10.1.

Analysis of the sequence upstream of the putative transcription start site
of the E8 gene showed that there is a putative TATA box at position 1966-
1972 in the gene sequence. This is 36 bp upstream of the transcription start
site, entirely consistent with the spacing described for eukaryotic genes.

The sequence of the putative TATA box is

5'-TATAATC-3'

which agrees with the consensus sequence for eukaryotic genes described

in section 1.10.1.

At position 1925-1928 of the Py235-E8 gene sequence is a sequence which is
consistent with an inverted CAAT box. The CAAT box is 77 bp upstream
of the putative transcription start site as determined by 5-RACE, a position
where a CAAT box is commonly found in eukaryotic promoters. The

sequence of the putative inverted CAAT box is

5'-CCTCAATTT-3'

which is in agreement with the consensus described for eukaryotic genes.

|

The base numbering refers to that in figure 4.5.2.
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If initiation of transcription of the E8 gene does indeed occur at two sites,
that is at the site suggested by the 5-RACE experiment and also at a site
upstream of the putative initiating methionine suggested by RT-PCR
experiments, it would be expected that there would be promoter elements
upstream of the initiating methionine regulating expression of the gene
from this site. However, without knowing where transcription initiates, it
is extremely difficult to assign putative promoter motifs with any degree of
accuracy. Obviously, promoter elements will lie upstream of the initiating
ATG codon, so a fairly simplistic search of this region was undertaken to
look for elements which are consistently found in promoters of
Plasmodium genes, GC-rich elements. The results are summarised in
figure 5.5.1.

An element with the consensus sequence

5'- (T/A) T (A/T) C C C (A/T) (T/A) -3

was found on nine occasions in the non-coding sequence of 1715 bp. The
sequence was detected only once in the subsequent 725 bp of clone E8.7.
The role of such GC-rich sequences in not known, but some have been
implicated in interactions with parasite nuclear proteins (Lanzer et al.,

1993).



STRUCTURE OF THE Py235-E8 GENE 192
Chapter Five

Figure 5.5.1 Identification of GC-rich elements in the non-

coding region of clone E8.7

The region of clone E8.7 upstream of the putative initiating ATG
codon was searched for GC-rich elements. Nine which fit the
consensus sequence 5'- (T/A) T (A/T) CCC(A/T) (T/A) -3' were
identified, and are shown here by blue circles. The circle which is
enclosed in a rectangle is identical to the sequence of a repetitive GC-
rich element in the circumsporozoite protein of P. knowlesi (Ruiz-i-
Altaba et al., 1987)

The yellow rectangle shows the location of a region identical to a
repetitive GC-rich element found in the promoter of the GBP-130

gene of P. falciparum (Ravetch et al., 1985).

Sequences

—

5'- ACACCCAT -3'
5'- TATCCCAT -3'
5'- ATACCCAT -3
5'- CTTCCCAA -3
5'- TTGCCCAT -3'
5'- ATCCCCTT -3'
5'- GTACCCAG -3'
5'- TTTCCCTT -3'

5'- ATTCCCTT -3'

¥ ® N o J@ bk W N

A. 5-TGCATGCA -3
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6.1  Screen of genomic library with D1

In order to obtain more sequence upstream of the clone D1, the genomic
library was screened with the entire D1 insert. This gave several positively
reacting colonies on the initial library screen, but on secondary screening,
only two clones were identified, designated D1.2 and DX. The insert sizes
of the clones were estimated by restriction enzyme digestion with BamHI
and Kpnl followed by agarose gel electrophoresis. This showed that clone
D1.2 had an insert of approximately 1.25 kb and clone DX had an insert of
approximately 2.3 kb. Sequencing of the clones was completed using the

ABI 377 system.

6.2  Analysis of clone D1.2

Clone D1.2 did contain additional sequence for gene D1. The entire
sequence of clone D1 is contained in clone D1.2, with 375 bp of sequence
upstream of the 5' end of clone D1 which, when translated, extended the

open reading frame by 125 amino acids (figure 6.2.1).

D1.2 has an open reading frame of 439 amino acids. When the amino acid
sequence was compared to that of Py235-E8 the overall identity was found
to be 40%, with a similarity of 56%. The identity increases markedly in the
latter half of the sequence, which is shown graphically in figure 6.2.2. The
overlap of the sequences extends from position 314 to 751 in the amino

acid sequence of Py235-E8.

Searches of protein databases using the FASTA search program of the DNA

Data bank of Japan showed that the open reading frame of clone D1.2
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has homologies with both of the P. vivax reticulocyte binding proteins and
the yeast integrin homologue uso-1I. The significance of such homologies
has been discussed with respect to Py235-E8, but the same considerations

also apply to clone D1.2.
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Figure 6.2.1 DNA and deduced amino acid sequence of clone D1.2

The nucleotide and deduced amino acid sequence of clone D1.2 are
shown. Clone D1.2 is 1319 bp long and has an open reading frame of
439 amino acids. The translated sequence which overlaps with clone
D1 (315 amino acids) is shown in green, while novel sequence (124

amino acids) is shown in blue.



GATCTATGATATGGGACTTCGTTCACATGGAAACAGACTAATTAAAATTTTAGAGTCTGA
l' Y DM GLRSHU GNRLIKILESE
GGGGGAACAAGGGAATATTATAAGTAAACTAAAATTTTTATCAAACGAAATTGAATATAC
GEQGNIISKLKFLSNEIEYT
TTTAAACAAATCTGATAATTACAAAGACGAATGTACGTCGAATTATACATTTATGGTCAA
LNKSDNYKDECTSNYTFMVN
TTATGTACAACGTGATACATATACGCAATATTACTATTATTACTTGAGGGAAATTAAAAA
Y VQRDTYTQYYYYYLREI KK
AATAGCACAACAAAGAGCTAATTTCAATTATAATTTTAATAAACTAAAACATTTGAAATT
Il AQ QRANFNYNTFNIKLIKHTLKIL
ATTATATAAACAGCAAGAAGACATAATGAGAAATTTTCATAAAACGATAGAAAGACTAAT
LYKQQEDIMRNFHIKTIERTLI
ATTTGGGAAACCAGATCCAAATAATACTAACGTATTTAAAGAATATATTTATGAATTTAA
F GKPDPNNTNVFKEYIYETFN
TCTCTGGATACCCAAATCGAAATTAACATTATTAGAAAAAAGATTTTTTGAAATATTTGA
LwIlPKZSKLTLLEIKRTFTFTEIFE
AGAGAAATGGAATTCTTATGAAATTAAAAAAGATATTGACGAAAATAGTAAACAATATAA
EKWNSYEI KKDIDENZSI KA QYN
TGTTGTGAAATTAATTTTGCAATACATGAAGGAATTAACAGACGTAATTGATTTTATGGA
vV KLILQYMKELTDVIDTFME
AAATTACCAACCAGATGAAGT TCCTACAAGAAGGATAATTGGTTTTGAAGTCGAATGGCG
NYQPDEVPTRRIIGFEVEWR
TATAAAAGCATTACTTTATTCAGAAGTAGAAGCTGGAGTGAAGAAATCTTATGAATCAGT
Il K ALLYSEVEAGVI KK SYESYV
AAAAAATTGGAGAAAATCAATCCTCGAAATAAACAAAAAATTAGAGGAGGAAAATGAAAA
K NWRIKJ SI1ILEINIKIKTLTETETENEK
AGTTATTAAATTGGAAACACAAATTAAAGATTTATTTAACCAATATTTGAAAATAATTGA
VI KLETQI KDILFNOQYLIKIID
TGAAAATATATATATAAACAAGTTAAAATTAGAATTAAAAGAAAAAATAAAAAATATATC
E NI Y I NKLIKULETLIKEIKI KNI S
TGACAAAAATGAATATATTAAAAAAGCAGTTGACTTAAAGAAGATAATAGAAAATAACAA
DKNEYI KKAVDULIKIKIIENNN
TGCATACATTGATGAATTAGCTAAAACCTCGCCATATCAAGT TCCGGAACATTTAAAGAG
A Y Il DELAKTSPYQVPEUHTLIKS
CACAGATACAATATATAGTACAATAAAATCAGAGTTATCCCAAATTTATGAAGATGACAT
T DTI1Y STI1IKSELSAQI Y EDD.I
TGATAAACTCTATAATGAATTATCTTCTATAGTTCAAGAAAATGACATTGACAATGTAGA
DKLYNELSSIVQENDIDNVE
AGATAAAACGAAACTTGACGATTTACAATCTAAAATAGATAATGTATATAGTAAAATCCA
DKTKLDUDLQSKIDNWVYSKIAQ
AAACATGGAAACTGCAACAGTTGAATCACATCTAACGAATATCGAAACTAACAAAAATAA
NMETATVESMHTLTNIETNIKNK
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Figure 6.2.2 Alignment of clone D1.2 with Py235.E8

The homology between clone D1.2 and Py235.E8 is shown in this
alignment. Identical residues are shaded in green. The homology
extends from position 313 to 751 in the open reading frame of
Py235.E8.

The alignment was performed using the MegAlign™ program of
DNAStar™.
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6.3  Analysis of clone DX

Clone DX has an open reading frame of 691 amino acids (figure 6.3.1).
When the amino acid sequence was compared to that of Py235-E8 the
overall identity was found to be 58%, with a similarity of 69%. The region
of homology of the two sequences extends from position 440 to 1111 in the
open reading frame of Py235-E8 (figure 6.3.2). The identity of the sequences

increases towards the latter half of the alignment.

Comparison of the sequence of clone DX with that of clone D1.2 reveals a
striking degree of similarity. The overall identity is 92%, with a similarity
of 95% (see figure 6.3.3). The homology extends from position 124 to the
end (position 439) of clone D1.2, and position 1 to 315 of clone DX.

Once again, clone DX also shows homology with P. vivax reticulocyte

binding proteins 1 and 2, and the yeast integrin homologue uso-1.
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Figure 6.3.1 DNA and deduced amino acid sequence of clone DX

The nucleotide and deduced amino acid sequence of clone DX are
shown. Clone DX is 2074 bp long and has an open reading frame of

691 amino acids.



GATCCAAATAATACTAACGTATTTAAAGAATATATTTATGAATTTAATATCTCGATACCC
DPNNTNVFKEYIYEFNISIP
AAATCGAAATTAACAGCATTAGAAAAAAGATTTTTTGAAATATTTGAAGAGAAATGGAAT
K S KLTALEIKRFFEIFETEIKWN
TCTTATGAAATTAAAAAAGATATTGACGAAAATAGTAAACAATATAATGTTGTGAAATTA
S YEI KKDIDENSIKQYNVYVKHL
ATTTTGCAATACATGAAGGAATTAACAGACTTAATTGATTTTATGGACAATTACCAACCA
lIL QYMKELTDLIDFMDNYA QP
GATGAAGTTCCTACAAGAAGTATAATTGGT TTTGAAGTCGAATGGCGTATAAATCAAACA
DEVPTRSII GFEVEWRINA QT
CTTTATACAGAAGTAGAAGCTGGAGTGAAGAAATCTTATGAATCAGTAAAAAATTGGAGA
LYTEVEAGVIKIKSYESVIKNWR
AAATCAATGGTCGAAATAAACAAAAAATTAGAGGAAGAAAATGAAAAAGTTATTAAATTG
K SMVEINIKIKLEETENEIKVI KL
GAAACACAAATTAACGATTTATTTAACCAATATTTGAAAATAAATGATGAAAATATATAT
ETQINDLFNQYLIKINDENIY
CTAAACAAGTTAAAATTAGAATTAAAAGAAAAAATAAAAAATATATCTGACAAAAATGAA
LNKLIKLETLIKEI KIKNISDKNE
TATGTTAAAAAAGCAGTTGACTTAAAGAAGACAATAGAAAATAACAATATATACATTGAT
Y VKKAV DL KIKTIENNNIYID
GAATTAACTAAAACCTCGCCATATCAAGTTCCGGAACATTTAAAGAACACAGATACAATA
ELTKTSPYQVPEMHLIKNTDTI
TATAATACAATAAAATTAGAGTTATCCCAAATTTATGAAGATGACATTGATAAACTCTAT
Y NTI KLELSOQIlY EDUDIDI KLY
AATGAATTATCTTCTATAGTTCAAGAAAATGACATTGACAATGTAGAAGATAAAACGAAA
NELSSIVQENDIDNYVEDIKTK
CTTGACGATTTACAATCTAAAATAGATAATGTATATAGTAAAATCCAAAACATGGAAAAT
LDDLQSKIDNVYSKIQNMEN
GAAACAGTTGAATCACATCTAACGAATATCGAAACTAACAAAAATAAACTATCAGACACA
ETVESHLTNIETNIKNIKLSDT
ATTTTGGCGATAAAAAAATATATATATGGAGAAATTAGCAAAGATCTAAATAAAACGTTA
I' L Al K KY1lY GEI S KDILNIKTIL
GAAGATTTTAAAAATAAAGAAAAAGAATTATCAAATAAAATAAATGATTACGCTAAGGAA
E DFKNIKEIKETLS SNIKINDYAKE
AATGACCAATTAAATGTATATAAATCTAAAATATCAGAAATCAGAAATCATTATAATAGT
NDQLNVYIKSKISEIRNHYNS
CAAATTAATATAGACAATACAAAAGAAGGAGAAGCCAAGCAAAACTATGATAAATCCAAT
QI NI DNTIKEUGEAKOQNYDKSN
GAGCATATGACAAAAATATCAACTAACGAAAATGAAATATCAAAATTCATAAATGAGGTA
EHMTIKISTNENTEISKTFINEV
AAAAGTATGAAAGACGCATTTTTAAGTAAAGTAGATAAATATATTAATTTTGACAATAAT
K SMKDAFLSKVDIKYINTFDNN
TATAAAGAAAATGTTAATTTAGAGCACACCCAATTTACTGAATTAACAGATAAAATAAAA
Y K ENVNLEHTQFTETLTDKIK
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GCAGAAGTTTCGGATGAAAAATTAAGCAAACATGAAAAAAGTTTTAATGATAGTAAATCT
A EV SDEIKLSKHEIKSFNDSK S
TTAATTAATGAAACAAAAAACTCCATTGAAAAAGAATACCAAAACATTAATACCCTTAAA
LI NETIKNU SIEIKEYQNINTILK
AAGGTAGATGAGTATATAAAAGTATGCGAAATCACCAAAGAGTCAATAACAAAATTTAGT
KvDEYI KV CEITIKEZ SITKTF S
AGTAAACAAAATACATTAAAATGCATGTTAAATCAAAATATTAAAACCGTAAAGGAAACT
S KQNTLKCMLNAQQNIKTVKET
AATTCAATAGAAAACTTTTATAAAGACAAGTTTGAAAATACATTGACCAATAAAATTAAT
NSI ENFYKDIKFENTLTNIKIN
GAGTTAGATAAAACATTTAAAGATGCATCTTTAAATGATTACGAATTAAATAACAATGAA
ELDKTFKDASLNUDYETLNNNE
TTAATGCAATATTTCAATAATTTAAAAGAAAATTTAGGAAAAGATAAAGAAAACATGTTA
LMQYFNNLIKENLGIKDIKENML
TATAATCAATTAGCTGAAAAAGAAAAAACT TTTAATGATATTAAGAAAAATAATACGCAT
Y NQLAEIKEI KTV FNDIKIKNNTH
ATAAATGAAGAAATTTCAAATATCGAAATAGCAATTTATGCATCAATTTATAATATTAGT
I NE EI S NI E I AT Y A S 1Y NIS
GAAGAAATAAAAAATGAAATTGGAAAAAATATAGAATTACTAAATGCCAAAGTAGTTGAA
E EI KNEIGKNIELILNAKVYVVE
AAGGTAAAAGCAAACGTAACCAATTTGAATGAAATAAAGGAAAAATTAAAACATTATAAT
KVKANVTNLNEI KEIKLIKHYN
TTTCACGATTTTGGGAAAGACGAAAATATAAAATATGCTAATGAAGTTAACAAAATTAAA
FHDFGIKDENIKYANEVNKIK
GATGACATTAAGACTGTAAGCCAACAAATCGATC 2074
DDIKTVSQQID
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Figure 6.3.2 Alignment of clone DX with Py235.E8

An alignment of clone DX with Py235.E8 shows that the homology
extends from position 420 to 1111 in the open reading frame of

Py235.E8. Identical residues are shaded in green.
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Figure 6.3.3 Alignment of clone DX with clone D1.2

An alignment of the deduced amino acid sequences of clones D1.2
and DX, with identities shaded in green, demonstrates that the
homology extends from position 125 to 439 in the open reading
frame of clone D1.2.

The alignment was performed using the MegAlign program of

DNAStar.
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7.1 Chromosome blots

The chromosomal location of each of the new genes belonging to the 235
kDa family was determined by hybridisation of gene-specific probes to a
Southern blot of Plasmodium  yoelii YM chromosomes. The
chromosomes were separated using pulsed-field gel electrophoresis on a
1% agarose gel, and transferred to a nylon membrane following
depurination and denaturation of the DNA as described in sections 2.13

and 2.11 of Chapter Two.

In each case, the probe for subsequent hybridization was generated by
restriction enzyme digestion of the appropriate clone with BamHI and

Kpnl, the digest run on a 1% agarose gel, and the liberated insert purified.

Hybridization of the chromosome blot to the inserts of clone D1.2, DX and
clone 5 demonstrated that the sequences are all present on the same
chromosome, chromosome 5 or 6. There is no cross-reactivity with

Plasmodium falciparum chromosomes (figure 7.1)

The fact that all three of the newly isolated Py235 sequences are present on
the same chromosome strongly suggests that they arose through gene
duplication of a common ancestral gene. The sequences were isolated
through hybridization with a probe generated from the E8 gene sequence,
which has been localised to chromosome 1 (C. Owen, unpublished).
However, the other member of the Py235 multigene family which has been
extensively sequenced, E3, has been localised to chromosome 5. A
comparison of the sequence homology of the new sequences with the

corresponding regions of E3 and E8 may be of use when examining the
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evolutionary relationships of the gene family members. This will be

discussed in detail in Chapter Eight.
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Figure 7.1

a)

b)

d)

Chapter Seven

Chromosome blot

Ethidium bromide stained CHEF gel separating the

chromosomes of P. yoelii YM.

Southern blot performed using the insert of clone D1.2 as a
probe. Hybridisation of the probe is seen to only one P. yoelii
YM chromosome, chromosome 5 or 6. There is no cross-

reactivity with P. falciparum chromosomes.

Southern blot performed using the insert of clone DX as a
probe. Hybridisation of the probe is seen to only one P. yoelii
YM chromosome, chromosome 5 or 6. There is no cross-

reactivity with P. falciparum chromosomes.

Southern blot performed using the insert of clone 5 as a
probe. Again, hybridisation of the probe is seen to only one P.
yoelii YM chromosome, chromosome 5 or 6. There is no

cross-reactivity with P. falciparum chromosomes.



Chromosome
S5o0r6

probe: clone 5
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81 Homologies within the Py235 multigene family

The sequences identified in the preceding chapters represent regions of
different members of the same multigene family. It is of interest to
examine the relatedness of the sequences, which may give some insight
into the evolutionary origin of such a large multigene family. For
example, a member of the family may have more sequence homology with
another specific member of the family than to any others. This may mean
that these family members have a common ancestral gene which other
members do not share, as the gene duplication event which gave rise to

these members may have occurred relatively recently.

An alignment of the sequences is shown in figure 8.1.1

The table below shows a comparison of the deduced amino acid sequences
of the genes. The figures shown represent the percentage amino acid
identity of the pairs of sequences in the region where all of the sequences

overlap, which is shown in figure 8.1.1.

E8 E3 D1 DX clone 5
E8 A 61 40 40 51
E3 61 *EA 41 40 59
D1 40 41 *Er 94 44
DX 40 40 94 A 44
clone 5 51 59 44 44 *A
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From these analyses, it appears that the sequences can be split into two
fairly distinct types. DX and D1 fall into one group, and E3, E8, and clone 5
fall into another, on the basis of sequence identity. An assessment of
relatedness was performed using the phylogenetic analysis in the

MegAlign™ program of DNAStar.

E8
i £

28.7

25 20 15 10 5 0

From this examination, it would seem that D1 and DX are the most closely
related, followed by E3 and E8. Clone 5 is more closely related to E3 and E8
than D1 and DX. This concurs with the hypothesis that there appear to be

two types of Py235 gene.

The two types of sequence may be equivalent to reticulocyte binding
protein-1 (RBP-1) and reticulocyte binding protein-2 (RBP-2) in P. vivax
(Galinski and Barnwell, 1996; Galinski et al., 1992). RBP-1 and RBP-2 are
significantly related to one another, and form heterodimers which bind to
the surface of reticulocytes. These proteins are discussed in more detail in

the following section.
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Figure 8.1.1 Alignment of overlapping regions of E8. E3. D1. DX, and

clones

The overlapping regions of the Py235 clones' open reading
frames were aligned using the Pileup program of GCG.

The homologous regions of each clone were as follows:

ES: residues 437-691
E3: residues 54-308

clone 5: residues 424-678
D1.2: residues 125-378
DX: residues 1-254

H residues which are identical in all five sequences
residues which match sequence E8, but not D1
residues which match sequence DI, but not E8

residues which match both E8 and DI
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8.2 Homologies with other proteins

Analysis of the entire open reading frame of the E8 gene showed that the
protein has significant homology to both P. vivax reticulocyte binding
protein-1 (RBP-1) and P. vivax reticulocyte binding protein-2 (RBP-2).
These are high molecular mass proteins found at the anterior pole of P.
vivax merozoites which have been demonstrated to bind to reticulocytes
in an erythrocyte binding assay, and are implicated in controlling the
specificity of red blood cell invasion by P. vivax merozoites (Galinski and
Barnwell, 1996; Galinski et al., 1992). The homology is more pronounced
in the comparison with PvRBP-2, but as the entire sequence for the RBP-2
gene is not available it is not known whether the homology extends
throughout the entire gene.

The overall identity of Py235-E8 with PvRBP-1 is 18%, with a similarity of
38%. This extends over the whole protein, with regions of higher
identity /similarity occurring. The alignment of the two sequences is
represented graphically in figure 8.2.1.

The identity of Py235-E8 with PvRBP-2 is 22%, with a similarity of 42%.
This extends from amino acid position 1160 in the sequence of Py235-ES,
and therefore does not include any of the new sequence identified in the
studies described in this thesis.

The significance of the homology of the rhoptry protein with P. vivax
reticulocyte binding proteins is considerable. Previous work has shown
that there is a functional homology between the three proteins, in that they
appear to be responsible for selection of the subset of red blood cells which
a parasite is capable of invading (Galinski and Barnwell, 1996; Galinski et
al., 1992). Both of the reticulocyte binding proteins are predicted to have a
secondary structure consisting almost entirely of o-helices, with a large

external N-terminal domain, membrane-spanning domains, and a short
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cytoplasmic C-terminal tail (Galinski and Barnwell, 1996; Galinski et al.,
1992). The predicted structure of the full length Py235-E8 protein is
strikingly similar to this, both in the structural domains and the overall
secondary structure predictions. This is shown in figure 8.2.2.

PvRBP-1 has two RGD amino acid motifs which could serve as adhesive
domains in binding reticulocyte ligands. Such motifs have been shown to
be integrin binding sites in a number of (Hynes, 1987; Hynes, 1992; Kuhn
and Eble, 1994). Integrins are a family of related proteins which are usually
expressed on the surface of cells and are involved in intracellular
adhesion. It is possible that PvRBP-1 binds to an integrin-like molecule on
the surface of the reticulocyte via its RGD motif, or that the interaction
which holds RBP-1 and RBP-2 in their complex is mediated by the

interaction of a domain of RBP-2 with the RGD motifs.

Interestingly, Py235-E8 also shows homology to a Saccharomyces cerevisiae
integrin homologue, usol (Hostetter et al., 1995). The identity between the
two amino acid sequences is 23%, and the similarity is 56% extending over
a stretch of 1015 amino acids (including gaps) from position 230 to position
1200 in the deduced amino acid sequence of Py235-E8. This is represented
graphically in figure 8.2.3. The significance of such a relationship is not
clear, as the identity of the ligand for Py235 on the red blood cell surface is
not yet known, nor has the region of Py235 which is responsible for the
binding interaction. Integrins are cell surface proteins which are
responsible for a wide range of cell-cell interactions, and subsequent signal
transduction within those cells. It may be that within the region of
homology between usol and Py235.E8 lies a binding domain which is
conserved between species. However, no other integrins or integrin
homologues were present when a database search for similar proteins to

Py235.E8 was carried out. This suggests that the similarity between the two
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proteins, although relatively high, may not be significant. However, this

does perhaps warrant a further, more detailed, investigation.

In the N-terminal sequence of Py235.E8, there are eight cysteine residues.
These are conserved in position in clone 5 (figure 4.5.4). Cysteine residues
are often important determinants of the three dimensional structure
which a folded polypeptide assumes. They form covalently associated
disulphide bridges with other cysteine residues to form a stable structure.
The structure of certain Plasmodium antigens has been suggested from
analysis of the relative positions of their cysteine residues. This has been
performed for three proteins of P. falciparum, Pfs230, Pfs48/45, and Pf12
and the results have suggested that the proteins are uniquely related
through structure (Carter et al.,, 1995). The disulphide bonds which are
present in P. chabaudi AMA-1 have been determined and demonstrated to
be crucial to the molecule’s ability to induce an immune response (Hodder
et al.,, 1996). Examples of Plasmodium proteins in which cysteine residues
and disulphide bridges have been shown to play a crucial role in structure
and function are the Duffy binding protein and merozoite surface protein-
1. In the case of the latter, two epidermal growth factor (EGF)-like modules
are present at the C terminus of the protein. EGF-like modules have also
been demonstrated to be present in Pfs25, a sexual stage antigen of P.
falciparum that is present on the ookinete surface and contains four
predicted EGF-like modules (Kaslow et al, 1989), merozoite surface
protein-4 which contains one EGF-like module (Marshall et al., 1997) The
conformation of these structures is maintained by disulphide bridges
between cysteine residues. It is therefore possible that the cysteine residues
seen in the Py235 sequences are important in maintaining its structure and

may play a role in determining the protein's ligand binding specificity.
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Figure 8.2.1 Homology of Py235.E8 with PvRBP-1

The aligned sequences (not shown) were divided sequentially into
blocks of 60 amino acids and the identity and homology of these

individual blocks of sequence were expressed as percentages.
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Figure 8.2.2 Predicted secondary structure of Py235.E8

The secondary structure of Py235.E8 was analysed using the
Protean™ program of DNAStar™.
The results of such an analysis show that the protein is predicted to

be largely o-helical.
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Figure 8.2.3 Homology of Py235.E8 with the S. cerevisige integrin
homologue

The identity between the two amino acid sequences is 23%, and the
similarity is 56%, extending over a stretch of 1015 amino acids
(including gaps) from position 230 to position 1200 in the deduced
amino acid sequence of Py235-E8.

The aligned sequences (not shown) were divided sequentially into
blocks of 60 amino acids and the identity and homology of these

individual blocks of sequence were expressed as percentages.
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8.3 Future work

Although one of the initial aims of this project was to identify promoter
elements for members of the Py235 multigene family, this was not
achieved. The main reason for this was the inability to identify,
unequivocally, the transcription start site of the E8 gene. Clone E8.7,
described in section 4.5, contains 1710 bp of DNA upstream of the putative
initiating ATG codon. Although some of this will be untranslated leader
sequence, one would anticipate that within this sequence are contained
promoter elements. As has been demonstrated in section 5.5, the region
contains many GC-rich elements, some identical to those seen in other
Plasmodium genes. The majority of promoter elements identified in
Plasmodium genes to date are within 1000 bp of the transcription start site
of that gene and the untranslated regions of Plasmodium genes tend to be
relatively short, generally no more than a few hundred base pairs (Lanzer

et al., 1993).

Identifying promoter regions for the different members of the multigene
family may give a clue to how expression of the genes is co-ordinated.
Recently, it has been demonstrated that different parasite lines express a
different pattern of transcription of Py235 genes (Dr. P. Preiser,
Experimental Parasitology, in press). This has been discussed in detail in
the introduction. Although it is not clear that the process of screening
identified transcripts from every member of the gene family, it does show
that the non-lethal 17X line appears to express a larger subset of genes than
the lethal YM line. It would be interesting to see whether this expression
pattern is due to differences in the genes' promoters. Perhaps a
translocation event occurs which brings the gene to be expressed into an

environment which results in its expression.
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With the availability of sequence for five distinct gene family members
now available, it would be simple to analyse the expression of these family
members in the two parasite lines. Although this analysis would not
cover such a large number of genes as the use of a probe from the 3' end of
the gene, the 5' ends of the genes are much less conserved than the 3' end

and therefore the study would be more specific.

The eight conserved cysteine residues in the N-terminus of Py235 genes E8
and clone 5 may be involved in determining the structure and ligand
binding specificity, as discussed in the previous section. Binding studies
with regions of the protein containing the cysteine residues would be
informative in determining the proteins' ligand(s) on the surface of the

red blood cell.

Further investigations are warranted into whether there are, indeed, two
"sub-families" within the Py235 multigene family, the first represented by
E8, E3, and clone 5 and the second by DX and D1. It is possible that the two
types of gene have distinct expression patterns, as discussed above, or that
they form a heterodimeric complex in an analogous fashion to the

reticulocyte binding proteins of P. vivax (Galinski et al., 1996).
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APPENDIX ONE
SEQUENCE OF Py235.E8



Appendix One

During the course of these investigations, the sequencing of
the entire coding region gene Py235.E8 has been completed.
The final sequence, and its deduced amino acid sequence is as
follows, with the putative signal sequence underlined and the

splice acceptor and donor dinucleotides highlighted in red:



ATGAAAAAATATATTTATATTATTAGTTTGGCTGCATTTTTTATTTCCTTCGGTAATCAT 60
M KKYIlTY1lI1l1SLAAFTFI SF

AGATATCTTTAACAAATTATTTCAATTCTTGGGTTTACATATTTTATTTAATATGTTTAT 120

GTGTATTAATTATGCAAATGTGTAAATTCCTATACTAATATTACTTAATTTGTTTCATCA 180

TTAATATGCAGATATAATTTGTGCAACCAAAATTGAGGAAAATAAAAACAAGAATGCCAC 240
DI 1T CATIKIEENIEKNIKNA T

AAAGTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAA 300
KLNNYNPYHNLETESUDTFDNSN

CTTTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAATAATGAAAAATATAT 360
FLNEIKKYDNIKNNSINNEKY.I

ACAGCCACATTCAATAAATAACAATTTCCTTCAAAATAAAAAAGATATAAACAATACAAA 420
QPHSI NNNFLQNIKIKDINNTK

AATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAA 480
I TLYNEYNIKTNNIDNTFRNTFN

TCATGAACATGAAAAAACAAATAACATATTAATTGAAAATAATAATTCCTTTTTACAAAT 540
HEHEI KTNNILIENNNSTFLAQII

AACCGCTATATCTGAAATAAATAAAGATACGT TAGATACGGTCGATACTATATATGGTGT 600
TAI S EINKDTLDTVDTIY GV

AAATGATAATGAAAGCGTATTGTGGTTTTTTTATAAACTTCTATATTCTGTTGAATATAT 660
NDNESVLWFFYKLLYSVEY.I

TAAAAAAATGTTAAGTAACTTAAATATAGGTCTATCCAGTGAGCAAACTAAAATAAAGAC 720
K KMLSNLNIGLSSEAQTHIKI KT

AGATCAAAATGTTGTTATTAATGACGTCAGACAAACAAACGCGTCATGTTATTCTGAAAA 780
DQNVVINDVRQTNASTCYSEHK



AAATGAATTAATAAATAAATTGGGCAATATACACAATCCTTTTTATAATTTTCATAATGA
NELINIKLUGNIHNPFYNFHND

TCGTTCGATAGATGATTATAATTTATATACATCATCAAAAAATAATTTTGTAAATTGTTT
RS I DDYNLYTSSIKNNFVNTCIL

AAAAAAAGGATTTGAAAATATAAAAAAAAAAACAAATGATATTATTTCATATGAAGAAAA
K K GFENIKIKIKTNDIISYEE K

ATTATATACAGATAAATGTAAAAATAGCTCCAAACTCAAGAATACTACTAAGAAACCTTC
LY TDI K CI KNS SIKLIKNTTIKIKPS

TGAATTTTGTAAAAATGTGATGAATCTCAATGTATCTCGTAAAAATAGTTGGGAAGTTCC
EFCKNVMNLNYVSRIKNSWEVP

CAAAAATAACGAAATAATTTCATTTATAGATTTTCTAATAGAAAAATTAAAATCAAACAA
K NNEIl I S F I DFULIEIKLIKSNN

TTACCCAATGACTCTTGTAACAAAACTAGATTTTATAAAAAAACAATTCGAGGATATTAA
YPMTLVTIKLDTFI KIKQFET DI K

AAATAAACACAATAAACACATAAAAATATGTAAACAAGAAGAGATTGTTGTGAACAAATG
NKHNKHI KI CKQETEIVVNIKTC

TACCAACAACATTGATAATAATAATTGTGATAAACATTTTAATGAAATTAAAAAAATAGC
T NNIDNNNUC CDIKHFNEI KKIA

CGAATCATATAGCATTATATTTTATAATTATACAATTTTAGAAAATTTAGAATCAGTAAA
E SY SII FYNYTILENLTESVN

TATTACATATAAGGAGTCCTTAGATTACTTTTTTAATTCACTAGGGAAATTATTAATAAA
I T YKESLDYFFNZ SLGIKTLTLTIN

CAAAGTAGATTCCGATGGAAATATAATAGAAGAAAATGATATTGATAATTTTGATTTGTC
KVv DS SDU GNIIEENDIDNTFDTL S

TAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGTATTTGAAAATAA
KPKNNFKLLEGELNGVTFENHK

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560



ATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAAT
WNDYKNNKNLDA QFKDTMK K I

AATATTATTAATTATACAATATATGAACGAATTTAAAGGCTTGAATGACGCTATGACAAA
Il LI IQYMNEFKGLNDAMT K

ACTAAAAAATGAAGGTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATT
LKNEGI SQKFVINNQI KQKF

CGATAAATCAACTTATGATGAAAAAAAAGAAGGGTTTGAAAGTTCTCTTGAATTAGCAAA
DKSTYDEIKKEGTFES S SLETLAHK

AAATTGGGAAAAAAAAAAACTCGAAATAATAACGGAATTAAAAAAAAAAAATGAAGAAAC
NWEIKKKLEIITELIKIKIKNEET

TGTTCAATTGGATATAAAAATTAGAGAACTAATTAAACAAATCAAAGATATTATAGAGGA
v QLDIKIRETLIKOQI KDI I EE

ACAAAAAATAGTGAACGATTTAAAATTAGAATTAAACAAAAAAATAAAAGAAATAACTGA
Q K1 VvV NDULIKLELNIKIKIKETI TE

GAAAATTGAATATATTAAAAAAGCAGT TGACTTAAAGAAAGAAATAGAAAAAGACAACGT
K1 EYI KKAVDULIKIKEIEIKDNYV

ATATATTGATGAATTAGCTAAGGAACCACCATATCAAATTACAAAATATATAGAAAAAAA
Y I DELAKEWPPY QI TIKY I E KK

AAATGAAATATATAATACAATAAAATCAGATTTTGACAAAATTTATGTAGGCGATATTGA
NEI Y NTI KSDTFD KI YV GDIIE

ACAACTTTACAATGAAATGTTTTCTGTAGTTCAAGAAAGTAACATTGAGCATATAGAAAA
QLYNEMFSVVQESNIEWHIEN

TAAAACAGAAATTCTAACTTTAAAAACGAAAATAGATAATGTATATAATAATATCCAAAA
K TEILTLIKTI KIDNINVYNNIAQN

CATGGAAACTGAAACAGTTAAATCACATCTAAAGAATATAGAAACTAACAACAAACTATC
M ETETVKSHLIKNIETNNIKILS

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



AGAAACAATTTTGGATATAATAAAATATATATATGGAGAGATTACCAACGAGCTAAATAA
E TILDIIKYIlTY GEITNETLNK

AACATTAGAAGACTTTAAAAATAAAGAAAAAGGACTATCAAATAAAATAGATGAATACGC
TLEDTFIKNIKEIKGLSNIKIDTEYA

TAAGGAAAATGTCCAATTAAATGTATATAAATCTAACATATTAGAAATCAAAAAGCATTA
K ENVAQLNVYIKS SNILEIKIKHY

TAATGATCAAATTAATATAGACAATATAAAGGAAAAAGAAGCAAAACAAAACTATGATCA
N DQINIDNIKEIKEAKA QNYDNAQ

ATTCAAAGAACATATGAAAACAATACCACCTAACGAAATGAAATATCAAAAACCATCAAT
FKEHMKTIPPNEMKYQKP S I

CGAGATAAAAATTATGAAAGACGAATTCTTGAGTAAAGTAAATAAATATAATGATTTTGA
EIT KI MKDEFLSKVNIKYNDTFD

CAAAGTTTATAAAGAAAAGGTTGAATCAGAACACAATAAATTTACTGAATTAACAAATAA
KVYKEIKVESEMHNIKTFTETLTNK

AATAAAAACAGAAGTTTCGGATGAAGAAATAAAAAAATATGAAAACAAATTTAATGATAG
I K T EV SDEEI KKYENIKTFND S

CAAATCTTTAATTAATGAAACAAAAAAATCCATTGAAGAGGAATATCAAAACATTAATAC
K SLINETIKKSI EETEYQNINT

ACTTAAAAAGGTAGATGATTATATAAAAGTATGTCTAAATACAAATGAATTAATAACAAA
LK KVDDYI!lIKVCLNTNTETLITN

TTGTCATAATAAACAAACTACATTAAAAGACAAATTAAATCAAAATATTAAAACCATAAA
CHNKQTTLIKDI KLNQNIKTIK

AGAAACTAATTCAATAGATAAAATTTATACAGACAAGTTTGAAAATATATTAACAGATAA
E T NS SIDIKIYTDI KT FENIULTDK

AAAGACAGAATTAGAAACAAAATTCACAGGATTGTCTTTAAATAATCACGAATCGAATAA
K TELETA KFTOGLSLNNHESNN

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120



CAAAGAATTGCTAACATATTTTTATGATTTAAAGGCAAATTTAGGAAAAAATAAAGAAAA
K ELLTYFYDLIKANLUGI KNIKEN

CATGTTATATAAACAATTCAATGAAAAAGAAAAAGCTGTTGAAGATATTAAGAAAAAAAA
M LYKQFNEIKEIKAVEUDIKIKKN

TGTAGATATAAATAAAATTGTTTCAAATATTGAAATAACAATTTATACATCCATTTATAA
vVDINIKIVSNIEITIYTSI1IYN

TATTAATGAAGATACAGAAAATGAAATTGGAAAAAGTATAGAATTACTAAATACCAAAGT
I NE D TENIEI GK S I ELLNTKYV

ACTTGAAAAGGTAAAAGCAAACGTAACCAATTTGAATGAAATAAAGGAAAAATTAAAAGA
LEKVKANVYTNLNZEIKEIKTLIKD

TTATGATTTTCAGGATTTTGGAAAAGAGAAAAATATTAAATATCCTGATGAAAACAAAAT
Y DFQDFOGIKEIKNIKYPDENKI

TAAAAATGATATTGATACATTAAACCAAAAAATCGATAAAAGTATAGAGACATTAACGGA
K NDIDTLNOQIKIDIK S I ETTULTE

AATAAAAAAAAATTCAGAGAACCATATTGATGAAATAAAAGGACAAATAGATAAATTAAA
Il K K NS ENMHIDEI KGQI D KLK

AAAAGTACCAAATAAAACAATGT TTAACGAGGATCCAAAGGAAATTGAAAAAAAAATAGA
K VPNIKTMFNEUDUPIKEIEKKIE

AAATATAGTAGAAAAAATAGACAAAAAAAAAAATATATATAAAGAAATAGATAAATTATT
NIl VEKIDIKIKIKNIYKEIDIKTLIL

AAATGAAATATCAAAAATAGAAAATGATAAAACTTCGTTAGAAAAATTAAAAAATATAAA
N EI S KI ENUDI KT SULEIKTLIKNIN

TTTATCATATGGAAAAAGTTTAGGCAACTTATTTTTGCAACAAATTGATGAAGAAAAAAA
LSYGKSLGNLFLOQOQI DEEKK

AAAGGCTGAACATACGATAAAAGCAATGGAAGCATATATTGATGATCTTGATAATATAAA
K AEHTIKAMEAY I DDULDNIK

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900



AAAAAAATCACAAGAAATAGAAAAAGAAATGAACATAAACATGGACATAAAAATGGACAT 3960
K KSQEIEKEMNINMMDIKMD I

ACATAAGGAAATGAAAGCGCTTAATATATCACATGACGACTACAAAATATATCATACTAC 4020
HKEMKALNISHTDDYIKIYHTT

AAGTAAGAATCATGAAGAAAAAATTTCTGACATTCGTAAAAATTCTTTAAAAATAATACA 4080
S K NHEEIKI SDIRIKNZSLKIIAQ

AGATTTTTCTGAGGAATCATATATAAATGATATTAAAAAGGAATTAGAGAAAAATGTTTT 4140
DFSEESYINDIKIKELEIKNWVL

AGAATCCCAAAATAATAATACTGATATTAATCAATATTTAAGCAAAATTGAAAACATATA 4200
ESQNNNTDINOQYLSIKIENIY

TAATATCTTAAAATTAAATAAAATTAAAAAGATTATTGATAAAGTAAAAGAATATACTGA 4260
NIl L KLNIKIKIKII DI KV KEYTD

TGAAATCGAAAAGAATAATAAAAAGATAAATGCTGAATTAAGTAATTCAGAAAAAATAAT 4320
E1T EKNNIKIKINAETULSNSEKIII

TACACAACTAAAAGAAAATTCAAGTTTAAAAGAATGCCAATCAAAAATAAAATCAACTAT 4380
T QLKENSSLIKET- CAQSIKI KIS T

AGATGATAATTATGTTAGTGAATGTATAAAGAATATTACAAATTTAAAAACTTATATTGT 4440
DDNYVSETCIKNITNLIKTYIYV

AAACGAAAAAAATAACATCAACACTTATTTTAAAAATGCCGAAGAGTATAATCAAAATGT 4500
NEKNNINTYFIKNAETEYNA QNYV

ATCATTAAACTTTAATAATATAGAAATGGCGGATACTAAATCACAATATATATTAAACAT 4560
S LNFNNIEMADTIKZSQY Il L NI

TAAAAAAAATAATGGCACTAATAACACTGATTATAATATCAAAGAATTGAAAGAACACAA 4620
K KNNGTNNTDYNIKETLIKEHK

GAAGAAGTCTAATGT TTATAAAGATGAGGCTGGTAAAAATACACAAGAAATCAAAAAAAA 4680
K KSNVY KDEAGIKNTQETI KKN



TAAGGAATTATTTGAAAAATATGAACAAGAAGTAACTGTACTTTTAAATAAATATTATGC 4740
K ELFEIKYEQEVTVLLNIKYYA

GGTAGAATTAAAAAATAAATTTGATAAAACAAAAAATTATTCAGAACAAATCATAAAGGA 4800
VELKNIKFDIKTIKNYSEA QIIKE

AATAAAAGACGCACACAACACTTTTACATCCCAAGCAGACAAATCTGAAAAAAAAATGAA 4860
Il KDAHNTFTSQADIKSEIKIKMN

TGAAATAAAAAACGAACAGATTCGTATTGAAGACGAAGTCGCTAAAAATAATAAATCTAA 4920
EIT KNEQI RI EDEVAIKNNIKSN

TAAAGCAATACTAGATATTCAACTATCCGTAGAGCCATTCAAAATAAAATTCTTAAAAAT 4980
K A lLDIQLSVEZPTFIKIKTFL K/I

AAAGGATCTAAGAACAAAATCAGATGATTGTTTAAAAGAGACCAAAGACATAGAGACCAA 5040
K DLRTAKSDDT CLIKETI KDIETK

AATATCAAATTTATCTATAGATACTCAAGAAACAAAACTAATAGAGAACAAGAACATATT 5100
I S NL S I DT QETI KULIENIKNIL

AAATACCCTTGAGAAACTTTTAGAATCTCTCAAAAACCAAAAAAAAAATATTGAAGACCA 5160
N TLEIKTLLESTLIK KN QIKIKNIEDAQ

AAAAAAAGAATTAGATGAAGTTAATTCCAAAATTAAAAATATAGAAAGCAATGTAAACCA 5220
K K ELDEVNSIKIKNIESNVNAQ

GCATAAAAAAAATTACGAAATTGGAATTGTAGAAAAAATAAATGAAATCGCCAAAGCAAA 5280
HKKNYE EIGIVEI KINEIAZKAN

TAAAGACCAAATTGAATCAACACAAAAATTAATAATACCAACAATAAAAAATTTAATATC 5340
K bQl ESTAQKWLIIPTIKNTLTIS

TCCTTTTAAAGCTAATGATTTAGAAGGTATTGACACTAATAAAAACTTGGGAAAATATAA 5400
PFKANDILEGIDTNIZKNLGIKYN

TACAGAAATGAATAATATATATGAAGAATTTATTAAATCATACGATCTAATAACACATTA 5460
TEMNNIYEEFI KSYDLITHY



TTTAGAAACGGTTTCAAAAGAACCCATAACATATGAACAAATTAAAAATAAGCGAATCAC
LETVSKEPITYEQI KNI KRIT

CGCACAAAATGAACTCTTAACAAATATAAAAAATGTAAATAAAGCCAAATCCTATTTAGA
AAQNELLTNIKNVNIKAIKSYULD

TGATATAGAAGCAAATGAATTTGATAGAATAGTCACACATTTTAAAAACAAATTAAATGA
DIEANEFDRIVTHFIKNIKILND

TGTGAATGATAAATTTACAAACGAATATTCAAAAGTTAACAAAGGGTTTGATAATATTTC
VNDKFTNEYSKVNIKGTFDNIS

AAACTCTATTAATAATGTTAAAAAATCAACTGATGAAAATTTATTATTAAATATACTAAA
N SIT NNVKIKSTDENTLILTILNITLN

CCAAACAAAAGAAATGTATGCAAATATTGTCAGTAAAAAATATTATAGTTATAAATATGA
QTKEMYA ANIVS KKYY SYKYE

GGCAGAAAACATATTTATAAATATTCCGAAATTAGCAAATTCTTTAAATATTCAAATAAA
A ENITFI NITPKLANSTILNIAOQIK

AAGCAGTTCAGGAATAGATTTATTTAAGAACATTAATATAGCTATATTACCTTACTTGGA
S S S GI DLFKNINIAILPYTLTD

TTCCCAAAAAAAAGATACGCTAACCTTTATTCCATCTCCAGAAAAAACATCAGAAACATA
S QKKDTLTTFIPSPEIKTSETY

TACAAAAATAAGCGATTCTTACAATACTCTTCTTGATATATTAAAAAGAAGTCAAGAATT
TKISDSYNTLLDILKRSAQEIL

GCAGAAAAAAGAACAACAAGCATTAAATCTTATATTCGAAAACCGACTTTTACATGACAA
Q KKEQQALNLIFENRLLMHDK

AGTCCAAGCAACCAACGAATTAAAAGACACATTAAGTGATTTAAAAAATAAAAAAGAACA
V QA TNELIKDTLSDLIKNKKE Q

AATATTAAATAAAGTTAAACTACTTTTACATAAATCTAATGAATTAAACAAATTATCATG
I L NKVKLLLHIKSNETLNIKTLSTZC

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240



CAATTCTCAAAATTATGATACCATTTTAGAATCATCAAAGTATGATAAAATAAAAGAAAA 6300
NS QNYDTILESSIKYDKIKEK

AAGCAATAATTATGAAAAGGAAAAAGAAAACCTTGGGATAAATTTTGATGTAAAAGCTAT 6360
S NNYEKEIKENLUGINTFDVKAWM

GGAAGAACAATTTAATAATGATATTAAAGATATAGAAAAATTAGAAAATAATTACAAACA 6420
EEQFNNDIKDIEIKLENNYKH

TTCAGAGAAAGATAATTACAATTTTTCAGAGGAAAATAATAATATTTTACAATCTAAAAA 6480
S EKDNYNFSEENNNILAQSKK

AAAACTAAAAGAACTAACTAACGCATTTAATGCTGAAATAAAAAAAATTGAGGATAAAAT 6540
KL KELTNAFNAEIKIKI ED K I

AATAGAAAAAAATGGTTTAATTAATAAATTAATAGAAACGAGAAAAGATTGCATGCTTTT 6600
Il E KNGLINIKLIETRIKDT CMLF

TACATATAAAACATTAGTCGAGACTCTTAAAATAAAAACAACTGATTACACGAAATTCAT 6660
TYKTULVETLIKIKTTDYTKFI

AACGTCTGCAACTAAATTTTCAAAAGAATTTTTAAAATACATTGATGCTACTTCCAATTC 6720
T SATIKFSKETFLIKYI DATSN S

TTTAAATGATGACATCAACACGTTGCAAACAAAATATGATTTAAATCAAATAAACAAGCA 6780
LNDDINTLQTKYDLNOQINIKH

TGTAGCAAGTATGGTTGCAGATGCAACTAATGATAATAATAATTTAATAGAAAAGGAAAA 6840
VASMVYVADATNIDNNNTLIEIKEHK

GGAAGCAACTAAGACAATCAACAATTTGACCGAGCTATTTACAATAGATTCAAATAAGAT 6900
EATKTINNILTETLTFTI DS N K I

CGATGCCGATGGATTACATAATAATAAAATACAAATTATTTATTTCAATTCTGAACTTCA 6960
DADGLHNNKIQITYFNZSETLH

TAAATCAATCGACTCCATAAAACAACTTTATAAAAAAATGCATGCCTTTAAATTATTAAA 7020
K SI DSI KQLYKKMHAFIKTLTLN



TATAGGTCACATTAATAAAAAATATTTTGATATATCCAAAGAATTTGATAATATTTTACA
I GHI NKKY F DI S KETFDNILAQ

GCTGCAGGAAAGTGAATTAACAGCAAATTTAAATGATTTAAAGGAAATTGGTCAAAAGAT
LQESE ELTANLNDTULIKETI G QK I

TTCTGATAAAAAAAAGCAATTCCTTCATGCACTAAGTGAAACTCCAATTCCCAACTTCAA
S DKKKQFLHALSETWPIPNTFN

TACACTTAAAGAGATATATCATGATATTGTTAAGTATAAAAATCAGATAGATGAAATAGA
TLKEIYHDIVKYKNOQI DEII E

AAATATTACTAACGAAGAAAACGAAAATATAACT TTATATATGGATATAATTACTAAATT
NI TNEENENITLYMDIITIKIL

AATGAAAAAAGTACAAAGTATTTTAAATTTTGTTACAACTTATGAAAATGATAGTAATAT
M KKVQSILNFVTTYENDSNI

AATCAAGCAACATATTCAAGACAATAATGAAAATGATGTATCAAAAATTAAAGAATCTTT
I K Q HI QDNNENDVSKI KE S L

AGAAACCACAATTCAATCATTTCAGAAAATTCTAAATAAACTAAATGAAATCAAAGCTCA
ETTIQSFQKILNIKLNETIKANAQ

ATTTTATGATAATAACAATATAAATAATGTTATATCTACCATATCACAAGATGTAAATGA
FYDNNNINNYVISTI SAQDVND

TGTTAAAAAACATATTTCTAAAGATTTAACTATAGAAAACGAACTTATCCAAATACAAAA
VKKHI SKDLTIENETLI QI QK

GAGTTTAGAAGATATTAAAAAATCTACTTATGATATCAGAAGCGAACAAATAACTAAATA
S LEDI KKSTYDIRSEA QI TKY

TGTCAATCCTATACACGATTATGTTGAGCAACAAACTAAAAAAATTCAAAATAATCCAAA
VNPIHDYVEQQTIKIKIQNNPN

TAAAGACGAAATAGACGATCTAATACAAGAAATCGTCAATTATAATAAAGAATCAGAACT
K DEI DDULIQEIVNYNIZKESTEI'L

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800



AAAATTACCCACCATTATAAATAATAAAGATAACGTTACACCAATAATCTCTCGTATTGA
K LPTI1IINNIKDNVTWPII S RID

CAAAGTCATTAATTTAATAAAATCAGAATATAATAACAATGATAATGTATCATATAATGT
KVINLIKSEYNNNDNYVSYNYV

TGCCAAAAAACTTGAAGAAGATGCCAATAACATAATTCGTGATTTAGATACGAGTCATAA
A KKLEEDANNIIRDTLDTSHN

CATGCTTAATGATTTAATACAGAAAAATTTTAAAATTATAGACGATTTAAAAAATAAAAA
M LNUDTULIQKNTFIKIIT DDULIKNKK

ACAGGAGATAGAAAATCGTAATAATTTACAGACTATTAATAGGGAACAAGAAATAACGCA
Q EIENRNNLQTINREQEITAQ

AACAGAACATGTTAACAATACATATCATCATGATATTAATGACATTAATGATGTTATTGA
TEHVNNTYHMHDINDINDWVID

TATTAATGATATTAATGATACAAACGATATAAATCAAAATCACCAAAACTCAAGCTCAGA
I NDI NDTNDI N QNHOQNSS S D

TAAAAAGGACTCTTCCAAAACAAGAAATACAGGGAATACGATTAGATATGCCGGAGCAAT
K KDSSKTRNTGNTIRYAGA/I

TGCATTTGGTTTAGTAACATTTTATGTAATTATAAGAATAAAAGAAAAAAAGGATAAAGA
AAF GLVTFYUVIIRIKEIKIKDKD

TGAAATGGAATTCGATAAATCTAAAGGT TTTTATGATGGCGGTGAAAGTACGCTTTTTGA
EMETFDIKSKGFYDGGES STILFE

AAGAGAAGATGAAGTTATAGAAATAGATATGAACGAGGATTTATCATTTAATTAAAAAAC
REDEVI EI DMNEUDILSTFN. KT

ATTTGTTTATAAAAGTTAATATTATAGGGAATTTACAACTACAAATAACAAAAAGTATTT
FVYKS.YYRETFTTTNNIKIKYF

TATATGGATATTTACCATATTAATGCAACAATACTATGTT 8560
IwW Il FTILMOQQYYYV

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520



AiioAssen*>Iw'~ 1.4.0 ESoonOe-1

*/\L
9 o oo .« .
8.1.6T7IlLA**a«blo. CATCAAGTAA'TAGTTTATTCCCCAATTACACACCCATCAAAATTATCTTTIKTTTATTTACYTATTATTACYACTATTTTATTATTGTATACTATAT

-> GATCAAGTAATAGTTTATTCGCCAATTACACACCCATGAAAATTATGTTTATTTATTTACTTATTATTACTACTATTTTATTATTGTATACTACAG

lie. 120 160 J Z V 180.
8.i.6T7ii.Ass«ibio. CGGTCTAATTAATGAATACAATAGAATACTTTAAIACCAATCTATAACATTCCATYTATATTTTTYTTAAAATAATITATTTATAXTATATATATYC

7.M13 -> CGGTCTAATTAATGAATACAATAGAATACTTTAAACCAATCTATAACATTCCATTTATATTTTTTTTAAAATAATTTATTTATAATATATATATTC
AuloA»S#niblw* 1.4.0 Etcortie-1 PagaCoZ0
390. 400. 410. 420. 430. 440. 450. 470. 480.

8.1.6T71l.LA*se*blo. TAGTAGGATAAATAATICCAATTTTATATCCCATTTTTTATTCATTATTACAAACATTCTTATATTATACCCATTTTAAAATATATTAATTTTATA

7.H13 -> TogTAGGATAAATOATtCCOAtTTTAtoTCCCAttTTTTAtTCaTTAtTACOAACatTCTTAT

7.ml13.1 -> TAGTAGGATAAATAATTCCAATTTTATATCCCATTTTTTATTCATTATTACAAACATTCTTATATTATACCCATTTTAAAATATATTAATTTTATA

7.m3 -> TAGTAGGATAAATAATTCCOATTTTATATCCCATTTTTTATTCATTATTACAAACATTCTTATATTATACCCATTTTAAAATATATTAATTTTATA

7.m2 -> TA6TAGGATAAATAATTCCAATTTTATATCCCATTTTTTATTCATTATTACAAACATTCTTATATTATACCCATTTTAAAATATATTAATTTTATA

7.41 <- TTTTAAAATATATTAATTTNALA
I 4*1 500 510 520 530 540 550 560 570

8.1.6T7I1l.Assembla. CAAATTTACACTTCCCAAACTATATATGTGTAGCTATTAAAATAAAAAAATAATTTTAATAATATAGTGTTAACCTTTATGAAAAATAAATTAAAC

7.mi3.1 -> CAAATTTACACTTCCCAAACTATATATGTGTWGCTATTAAAATAAAAAAATAATTTTAATAATATARTGTTAACCTTTATGAAAAATAAATTAAAC
7.m3 -> CAAATTTACACTTCCCOAACTATATATGTgToGCTATTAAAATAAAAAAATAATTTTAATAATATAGTGTTAACCTTTATGAAAAATAAATTAAAC
7.m2 -> CAAATTTACACTTCCCAAACTATATATGTGTAGCTATTAAAATAAAAAAATAATTTTAATAATATAGTGTTAACCTTTATGAAAAATAAATTAAAC
7.4.1 <- MAAAtTTAMACTNCCCAAACTATATAtCtGtAGCTATTAAAATAAAAAAATAATTTTAATAATATAGTG-TAACCTTTRTGAAAAATAAATTAAAC
7.8l <-

AAATAATTTTAATAATATAGTGtTAOCCTTTAtCAAAAATAAATTAAAC

200. 210 .. 220 . 230 .. 240 250 . . 260 . 270 280

8.i.6T7ii.A**«bio. TAATAAAAIACGATATATTTAAAACATATATTTACGAATTTTTATATCTATAATACCATAAAATATAATTAAAAACAAATCATTTGCTATACAAATT

7.M13 -> TAATAAAAACGATATATTTAAAACATATATTTACGAATTTTTATATCTATAATACCATAAAATATAATTAAAAACAAATCATTTGCTATACAAATT
7.H13.1 -> TCATTTGCTATACAAATT
7.m3 -> AATT

8.1.6T7ILA»s«mblo. TTCTATAAAATCTACATTCATATATAAATATATTAATTTGCCTGAATCAAATAATATTCAGTATTTAATCATCAATATAACATTAAAAAATGTATA

7.M13 -> TtCTATAAAAtCTACATTCATATATAAATATATTAATTtGCCtGAATCAAATOATALTCafITATTTAAtCoTCoATATOACATTAAAAAaTaToTo
7.mI3.1 -> TTCTATAAAATCTACATTCATATATAAATATATTAATTTGCCTGAATCAAATAATATTCAGTATTTAATCATCAATATAACATTAAAAAATETATA
7.m3 -> TTCTATAAAATCTACATTCATATATAAATATATTAATTTGCCTGAATCAAATAATATTCAGTATTTAATCATCAATATAACATTAAAAAATGTATA
7.m2 ->

TCATCAATATAACATTAAAAAATETATA

AutoAceembtef"* 1.4.0

800

JSL _610 620. <30 640 650 660 670
8.1.6T7I1l.Assembla. CATAVAAACCATTT'CTGCTTTATT'ATTCGAARATYAACAAAAAAXTTTAAATAATTAAATTCAMAMMATGTECTFAATATAATCCARATTTCCAYT

7.mI3.1 -> CATATAAACCATTTCTGCTTTATTATTCGAAAATTAACAAAAAAATTTAAATAATTAAATTCAAAAAAATGTCTTAATATAATCCAAATTTCCATT

7.m3 -> CATATAAACCATTTCTGCTTTATTATTCGAAAATTAACAAAAAAATTTAAATAATTAAATTCAAAAAAATGTGTTOATATAATCCAAATTTCCATT

7.m2 -> CATATAAACCATTTCTGCTTTATTATTCGAAAATTAACAAAAAAATTTAAATAATTAAATTCAAAAAAATGTGTTAATATAATCCAAATTTCCATT

7.4 <- CATATAAACCATTTCKGCTTTATTATTCGAAAATTNACAAAAAAATTTAAATAATTAAATTCAAAAAAATGTGTTAATATAATCCAAATTTCCATT

7.5 <- CATATAAaCCATTTCtCcTTTATTATTCGAAAATTAACAAAAAAATTTAAATAATTAAATTCAAAAAAATGTGTTAATATAATCCAAATTTCCATT
680 690 ~ 710 720 730 740 750

8.1.6T7I.LAssemble. ATTTATTAVTCATATATTTATAATAAATTTTTATTATTAAGATATATAATTAAGTATGGGCAAAAATATAATAATTACCAATTTGGGGXTAATTTA

7.mi3.1 -> ATTTATTATTCATATATTTATAATAAATTTTTATTATTAAGATATATAATTAAGTTTTGGCCAAAATTTAATAATTACCAATTTGGGCAT-ATTTA
7.m3 -> ATTTATTATTCATATATTTATAATAAATTTTTATTATTAAgATATATAATTAAGTATgGGCoAAAATATAATAATTACCAATTTGGGGATAATTTA
7.m2 -> ATTTATTATTCATATATTTATAATAAATTTTTATTATTAAGATATATAATTAAGTATGGGCAAAAATATAATAATTACCAATTTGGGCATAATTTA
7.4.1 <- ATTTATTATTCATATATTTATAATAAATTTTTATTATTAAGATATATAATTAAGTATGGGCAAAAATATAATAATTACCAATKTGGGGATAATTTA

7.5"%i <- ATTTATTATTCATATATTTATAATAAATTTTTATTATTAAGATATATAATTAACTATGGGCAAAAATATAATAATTACCAATTTGGGGATAATTTA
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780 798" 808 810 820 830 840 *50 866

8.1.6T7IlLAssembla- TAAAAGTTGTTATATATGATTAACCAAAACTTACCATTAAAATATAATATACTAATATTATACATTAATAATGCTTAATCTATATAAACTCAVCAT

7,mi3.1 -> TAAAAGTTGTTATATATGAATAACC-AAAMTTACCATTNAAATATAATATACTAATATTATACTTTATT-ATGCTT-ATCTATATAAACNC-TCAT
7.m3 -> TAAAAGTTGTTATATATGATTAACCAAAACTTACCATTAAAATATAATATACTAATATTATACATTAATAATGCTTAATCTATATAAACTCOTCAT
7.m2 -> TAAAAGTTGTTATATATGATTAACCAAAACTTACCATTAAAATATAATATACTAATATTATACATTAATAATGCTTAATCTATATAAACTCATCAT
;:':ﬂ <- TAAAAGTTGTTATATATGATTMACCAAAACTTACCATTAAAATATAATATACTAATATTATACATTAATAATCCTTAATCTATATAAACTCATCAT

<- TAAAAGTTGTTATATATCATTAACCAAAACTTACCATTAAAATATAATATACTAATATTATACATTAATAATGCTTAATCTATATAAACTCATCAT

— i .1 --Im. cL.uof o omeT -] s -e?]

Assembio. ATTTTAAGACTAAATTYGATTATAAA TTTTTTATTTACGATGTTACVTTTATGTTAATTCTTATATATCTCTCCTGTGTCCAAAATVTTGTCTTTA

7.mli3.1 -> ATTTTTANANTAAA-TTGAtTATAAALTTTTTATTTA

7.m3 -> ATTTTAAGACTAAATTTCATTATAAATTTTTTATTTACCAtgTTACTTTTATGTTAATTCTTATATATCTCTCCIGTGTCCaAAATTTTGTCTTTA
7.m2 -> ATTTTAAGACTAAATTTGAITAT-AAtTTTTTATTTACGAtOTTACTTTtIAKG TtAAtTCITATAtAtCNCNCCIGTGTCCAAAALTTTG

7';'1I <- ATTTTAAGACTAAATTTGATTATAAATTTTTTATTTACGATGTTACTTTTATGTTAATTCTTATATATCTCTCCTGTGTCCAAAATTTTGTCTTTA
7.8%i

<- ATTTTAAGACTAAATTTGATTATAAATTTTTTATTTACGATGTTACTTTTATGTTAATTCTTATATATCTCTCCTGTGTCCAAAATTTTGTCTTTA

AutoAntfmbtor™ 14 0 E6 conti0.t

1160~ 1170| 11.80 1190 1200 . 1210 , 1220 1230 1240
8.1.6T7Il.LAssembla. TCTAAAACCGAAACATGGAGAATTTTTAATTAAAATTTCCATTGATTTTCTGCATGCATAAAAAGTAAAATAAAAAGGTCTTTATTTTGAATCACT

7.4 <- TCTAAAAMCGAAACATGGAGAATTTTTAATTAAAATTTCCATTGATTTTCTGCATGCATAAAAAGTAAAATAAAAAGGTCTTTATTTTGAATCACT
7.2 <- TcTAAAACCGOAACATGCAGaATTTTTAATTAAAALTTCCatTGoTTTTCTGCAtGCATOAAAAGTOAAATAAAAAGGTCTTTATTTTGOATCACT
7.41 <- TCTAAAACCGAAACATGGAGAATT
7.5'n <- TCTAAAACCGAAACATGGAGAATTTTTAATTAAAATTTCCATTGaTTTTCTGCAtGCATAAAAAGTAAAALIAAAAG

1250 1260 1270 1280 1290~ 1300 1310 1320 1330 1340

8.1.6T7Il.LAssembla. ATTTCCCTTTATTTGGAAATTATTATAATATTTTTTTAATTAATATGTGTAAGTGTTTTGGTGTTTTCCAATTTTTGTCGGTACACATTTATCTTA

7.4 <- ATTTCCCTTTATTTGGAAATTATTATAATATTTTTTTAATTAATATCTGTAAGTGTTTTGGTGTTTTCCAATTTTTGTCGGTACACATTTATCTTA
72 <- ATTTCCCTTTATTTGGAAATTATTAIAATATTTTTTTAATTAATATGTGTAAGTGTTTTGGTCTTTTCCAATTTTTGTCGgTACACATTTATCTTA
7.t <- CCTTTAtTTGGAAATTATTATAATATTTTTTTAATTAATATGTGTAAGTGTTTTGGTGTTTTCCAATTTTTGTCGGtACACATITATCTTA

- = 960.

AmoAwmMf - 140

8.1.6T7Il.Assembla

8.1.6T7Il.LAssembla

7.4 <-
7.2
7.4.1 <-

Aulo

8.1.6T711.Assembla.

N~~~

4
2 <-
.tu <-

8.1.6T7Il.LAssemble.

7.4 <-
7.2 <-
7.tu <-

970 wo . 998 . 1000 1010 . 1020 1030 1040 1BS0

. TCTAGAGGTTAAAAATTCAGGTTGTAGAGATTTTTTTTATAATTTTTACTTATATTTAAACAATTTATTATTTATATATATTGTTTAATAAATATT

TCTAfIAGGTTAAAAATTC

TCTAGAGGTTAAAAATTCAGGTTGTAGAGATTTTTTTTATAATTTTTACTTATATTTAAACAATTTATTATTTATATATATTGTTTAATAAATATT
TCTAGAGGTTAAAAATTCAGGTTGTAGAGATTTTTTTTATAATTTTTACTTATATTTAAACAATTTATTATTTATATATATTGTTTAATAAATATT

1060| 1070| 1080 1090 . 1130 1150
. ATCAAATTCTACATATTTGATTAAAACAAAACTCTACACACGGAACCTGGGTACCATCTTAATTtTGGTTCTATATACATGACACTAATTATTTAT

ATTtGoTTAAAACOAAACTCTACACACCGAACCtgGGTACCOTCTTAALTttgGTTcTAtAtACATGACACTAATTATTTAT

ATTToT

ATCAAATTCTACATATTTGATTAAAACAAAAYTcTACACACGGAACCTGGGTACCATCTTAATTTTGGTTCTATATACATGACACTAATTATTTAT
ATCAAATTCtACATATTtGATTAAAACAAAACTCtACACACGGAACCTGGCTACCATCTTAATTTTGGTTCTATAtACATGACACTAATTATTTAT

A«wmaw™ 140 P#e#80l12%
1350. 1360. 1370. 1380 .11390. , 1400 1410 , , 1420 1430 1440
AAAAAAAGTTATAATGCAATTATTAAATTTTTTATTVATATAAATTAARARAA A VAT TATTAATTECETTTTTTTATETACACACC

AAAAAAAGTTATAATGCAATTATTAAATTTTTTATTTATATAAATTAAAAAAAAATGAGAGCATAATTATTAATTCCCTTTTTTTATCTACACACC
AAAAAAAGTTATAATGCAATTATTAAATTTTTTATTTATATAAATTAAAAAAAAATGAGAGCATAATTATTAATTCCCTTTTTTTATCTACACACC
AAAAAAAGTTATAATGCAATTATTAAATTTTTTATTTATATAAATTAAAAAAAAATGAGAGCATAATTATTAATTCCCTTTTTTTATCtAMACACC

1450 1460 1470 1480 1490 , 1500 1510 1528 1530

MATAAATAATTTGTTAATTTTTAATTTAAAAATTTTATTTAATGGAAAATVATTTGTTTTATATACTTACACAAATATTTTTTATTTATATATAAA
AATAAATAATTTCTTAATTTTTAATTTAAAAATTTTATTTAATGGAAAATTATTTGTTTTATATACTTACACAAATATTTTTTATTTATATATAAA

AATAAATAATTTGTTAATTTTTAATTTAAAAATTTTATTTAATGGAAAATTATTTCTTTTATATACTTACACAAATATTTTTTATTTATATATAAA
AATAAATAATTTGTTAATTTTTAATTTAAAAATTTTATTTAATGGAAAATTATTTGTTTTATATACTTACACAAATATTTTTTATTTATATATAAA
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8.1.6T711.Assembla.

7.4
7.2

7.t
8.2.3.5.R2.RC
8.1.6.R2.RC
8.1.6T3
8.2.3.5,R1.RC
8.1.6, R1.RC

8.1.6T7Il.Assembla-

7.2

7.t
8.2.3.5.R2.RC
8.1.6.R2.RC
8.1.6T3
8.2.3.5,R1.RC
8.1.6.R1.RC

8.1.6T71l. Assembla-

7.T3

7.til
8.2.3.5.R2.RC
8.1.6.R2.RC
8.1.6T3
8.2.3.5,R1.RC
8.1.6.R1.RC

8.1.6T711.Assembla.

7.T3
8.1.6E8.NEWRC»-

8.2.3.5,R2.RC
8.1.6.R2.RC
8.1.6T3
8.2.3.5.R1.RC
8.1.6.R1.RC

<-

<-
<-

v

<-
<-

Et conUg-l

1540 1550 1560 1570 140 1590 1610 im0 1«0
AATGAAGAATATTATCTTTAAATAAAATGATCGACAAGTAGAAAATTAAAGCGATTAATGTAGAACAAAATTAATTATTAAGAAATAAAATAAAATA

AATGAAGAATATTATCTTTAAATAAAATCATCGACAAGTAGAAAATTAAAGCCATTAATGTAGAACAAAATTAATATTAAGAAAT
AATCAAGAATATTATCTTTAAATAAAATGATCGACAAGTAGAAAATTAAAGCGATTAATCTAGAACAAAATTAATATTAAGAAATAAAATAAAATA
AATGAAGAATATTATCTTTAAATAAAATGATCGACAAGTAGAAAATTAAAGCGATTAATGTAGAACAAAATTAATATTAAGAAATAAAATAAAATA
GATcGACAAGTAGAAAaTTNAAGNGTTTAATKTAGAACAAAaTTAAToTToGGAAaTAAAaTAAATTA
GATcGACAAGTAGAAAATTAAOGCCATTAATGTAGAACAAAaTTAATaTToOAGAAATAAAATAAAATA
GoTCGACAAGTAGARAaYTAAAGCGaTTAATGTAGAACAAAATTAATATTAAGAAAtAAAATAAAATA
TcGAMAAGTAGAAAATTAAGGCCATTAATGTAGAACAAAaTTAAToTToAGAAaTAAAaTAAAATA
AAGTAGAAAATTAAaGCGATTAATGTAGAAAAAAaTTAATaTTAaGAAoTAAAaTAAAaTA

1640| 1659 1660 1670 1680 1690 1700 1710 1720
AAACAAAAACATCAAAAATATAGAACAAAAAACATATAVATAATATATVTTTTTAACTCAAAAATATATATTATATTTAACCATGAAAAAATATAT

AAACAAAAACATCAAAAATATAGAAGAAAAAACATATATATAATATATTTTTTTAACTCAAAAATATAT

AAACAAAAACATCAAAAATATAGAACAAAAAACATATATATAATATATTTTTTTAACTCAAAAATATATATTATATTTAACCATGAAAAAATATAT
AAACAAAAACaTCAAAAATGKOGAAGAAAAAACATATATATAATATATTTTTTtAACTCAAAAATATATATTATATTTAACCaTGAAAAAATATAT
AAACAAAAACOTCAAAAATATAGAAGAAAAAACATATATATAATATATTTTTTtAACTCAAAAATATATATTATATTTAACCOTGAAAAAATATAT
AAACAAAAACATCAAAAATATAGAAGAAAAAOCATATATATAATATATTTTTTTAACTCAAAAATATATATTATATTTAACCATGAAAAAATATAT
AAACAAAAACaTCAAAATTAToGAAGAAAAAACATATATATAATATATTTTTTtAACTCAAAAATATATATTATATTNMACCaTGAAAAAATATAT
AAACAAAcocaTCAAAaAToTaGAACAAAAAACATATATATAATATATTTTTTtAACTCAAAAATATATATTATATTTAACCATGAAAAAATATAT

AmoAwembh,- ! 40

<-
<-

<-
<-

<-
<-

-1

CCAAAATTGAGGAAAATAAAAACAAGAATGCCACAAAGTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAACT
CCCAAATGGAGG-AAATAAAAACCNGGATGCCACAAAGTTAAACAATTATAATCCATACCATAATTTAGGAGGAAGTGATTTTGATAATTCAAACT

CCAAAATTGAGGAAAATAAAAACAAGAATCCC

CCAAAATTGAGCAAAATAAAAACAAGAATCCCACAAACTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAAYT
CCAAAATTGaGGAAAATAAAAACAAGAATGCCACAAAGTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAACT
CCAAAATTGAGGAAAATAAAAACAACAATGCCACAAAGTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAACT
CCAAAATTGAGGAAAATAAAAACAAGAATGCCACAAAGTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAACT
CCAAAATTGACGAAAATAAAAACAAGAATGCCACAAAGTTAAACAATTATAATCCATACCATAATTTAGAAGAAAGTGATTTTGATAATTCAAACT

20207 2030]| 2040 2050 2060~ 2070 2070 2090 2100 2U0
TTTTAAATGAAAAAAAATATGATAATAAAAATAAVTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATTVCCTTCAAAATA

TTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATTTCCTTCAAAATA
GAAAAAAAATaTGoToATaAAAATAATTCCATTAATaATGaAAAATATATACaGCNACATTCAaTAAATAACAATTTCCTTCAAAATA

TTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAATAAKGAAAAATATATACACCCACATTCAATAAATAACAATTTCYTTCAAAATA
TTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATTTCCTTCAAAATA
TTTTAAATGAAAAAAAATOTGATAATAAAAATAALTCCATTAATAATGAAAAATATATACaGCCACATTCAATAAATAACAATTTCCTTCoAAATA
TTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAATAATGAAAAATATATACASCCACATTCAATAAATAACAATTTCCTTCAAAATA
TTTTAAATGAAAAAAAATATGATAATAAAAATAATTCCATTAATAATGAAAAATATATACAGCCACATTCAATAAATAACAATTTCYTTCAAAATA

AMtodtmtrblmi— t 4 0 ES oonUg-1
1730 1740 1750 1760 1770 1780 - 1790

.1.6T71l.Assembla. TTATATTATTAGTTTGGCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTTAACAWMMATTTCAATYCTTGGGTTT'ACATATTTTAYTTA

©

7.th <- TTATATTATTAGTTTGGCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTTAACAAATTATTTCAATTCTTGGGTTWACATATTTTATTTA
8.2.3.5.R2.RC <- TTATATTATTAGTTtGGCNGCATTTTTTATTTCCTTCGGTAATCATACATATCTTTAACAAATTATTTCAATTCTNGGGTtTACATATTTWATTTA
8.1.6.R2.RC <- TTATATTATTAGTTtGGCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTWAACAAATTATTTCAATTCTTGGGTHtACATATTTTATTWA
8.1.6T3 -> TTATATTATTAGTTTGGCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTTAACOAATTATTTCAATTCTTGGGTTTACATATTTTATTTA
8.2.3.5,R1.RC <- TTATATTATTAGTKtGGCTGCATTTTTTATNTCCTTCGGTAATCATAGATATCTTWAACAAATTATTTCWWTTCKTGGGTtYACATATTTTATTTA
8.1.6.R1.RC <- TTATATTATTRGTTtGGCTGCATTTTTTATTTCCTTCGGTAATCATAGATATCTTTAACAAATTATTTCAATTCTTGGGTtTACATATTTTATTTA
1830 1840 1858 1860 B7«| 1WO|
8.1.6T7I1l.Assembla. ATATGTTTATGTGTATTAATTATGCAAATGTGTAAATTCCTATACT AATATTACTT'AATTTGTTTC'ATCATTAATAYGCAGATATA'ATTTGTGCAA'
7.T3 <. AWAATTTGYGC-A
7.t <- ATATGTTTATGTGTATTAATTATGCAAATGTCTAAATTCCTATACTAATATTACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGTGCAA
8.2.3.5.R2.RC <- ATATGTTHATGTGTATTAATTATCCAAATGTGTAAATTCCTATACTAATATtACTTAATTTGTTTCATCATTAATATGCAGATATAATTKGTGCAA
8.1.6.R2.RC <- ATATGTTTATGTGTATTAATTATGCAAATGTGTAAATTCCTATACTAATAWtACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGTGCAA
8.1.6T3 -> ATATGTTTATGTGTATTAATTATGCAAATGTGTOAATTCCTATACTAATATTACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGTGCAA
8.2.3.5.R1.RC <- ATATGTTTATGTGTATTAATTATGCAAATGTGTAAATTCNTATACTAATAWTACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGtGCAA
8.1.6.R1.RC <- ATATGTTTATGTGTATTAATTATGCAAATGTGTAAATTCCTATACTAATATTACTTAATTTGTTTCATCATTAATATGCAGATATAATTTGtGCAA

AmoAewmbW" 140 ES comig-1 Pagetzolzl

.2120 2130 .2140 _ , 2150 2160 .2170 2180 2190 ,2200% [P
8.1.6T71l. Assemble. AAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAA

7.T3 <- AAAAAGATATAAACAATACAAAAATCACATTGTATAATCAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAA
8.1.6E8.NEWRC+. <- AAAAAGATOTAAACaATACaAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAATCATCAACATGAAA

8.2.3.5.R2.RC <- AAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTCATAATTTTAGAAATTTTAATCATGAACATGAAA
8.1.6.R2.RC <- AAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAA
8.1.6T3 -> AAAAAGATATAtACOATACCAAAATCoCoTGGToTAATGAATATAATAAGACaAATAATATIGATAATTTTAGAAATTTTAATCaTGAACATGAAA
8.2.3.5.R1.RC <- AAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAA
8.1.6.R1.RC <- AAAAAGATATAAACAATACAAAAATCACATTGTATAATGAATATAATAAGACAAATAATATTGATAATTTTAGAAATTTTAATCATGAACATGAAA

2210 2220 2230 2240 2250 2260 2270 2280 ‘E&{
8.1.6T71l.Assembla. AAACAAATAACATATTAATTGAAAATAATAATTCCTTTTTACAAATAACCGCTATATCTGAAATAAATAAAGATACGTT .GGTCGATACTA

7.T3
8.1.6E8.NEORC+.

<- AAACAAATAACATATTAATTGAAAATAATAATTCCTTTTTACAAATAACCGCTATATCTGAAATAAATAAAGATACGTTAGATACGGTCCATACTA
<- AAACAAATAACATATTAATTGAAAATAATAATTCCTTTTTACAAATAACCGCTATATCTGAAATAAATAAAGATACGTTAGATACGGTCGATACTA

8.2.3.5.R2.RC <- AAACAAATAACATATTAA-TGAAAA

8.1.6.R2.RC <- AAACAAATAACATMTTAATTGAAAALAA

8.1.6T3 -> AAotoAATOACaToTTAATTGAAAATAATAATICCT

8.2.3.5,R1.RC  <- AAACAAATAACATATTAATTGAAAATAATaATTCCTTTTTACAAATAACCGCTATAT
8.1.6.R1.RC <- AAACAAATAACATATTAATTGAAAATAATOAtTCCTTTTTACAAATAACCG
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8.1.6T7I1l.Assembla

7.T3 <-
8.1.6E8.NEWRC*. <-

8.1.6T7I1l.Assembla

7.T3 <-
8.1.6E8.NEWRC*. <-

ES conlie-t Pac*130<2<

2310. 2320. 2330 2340 2350. 2360 2370. ,2384 2397

. TATATGGTCTAAATGATAATGAAAGCGTATTGTCGTTTTTTTATAAACTTCTATATTCTGTTGAATATATTAAAAAAATGTTAACTW

2400.
TTAAATA

TATATGGTGTAAATGATAATCAAAGCGTATTGTGGTTTTTTTATAAACTTCTATATTCTGTTGAATATATTAAAAAAATGTTAAGTAACTTAAATA
TATATGGTGTAAATGATAATGAAAGCGTATTGTGGTTTTTTTATAAACTTCTATATTCTGTTGAATATATTAAAAAAATGTTAAGTAACTTAAATA

2410| 2420~ 2430 2440 2450 2460 2470 2480 2490
. TAGGTCTATCCAGTGAGCAAACTAAAATAAAGACAGATCAAAATGTTGTTATTAATGACGTCAGACAAACAAACGCGTCATGTTATTCTGAAAAAA

TAGC TC TATCCAGTGACCAAAC TAAAATAAACACACATC
TA6GTCTATCCAGTGAGCAAACTAAAATAAAGACAGATCAAAATGTTGTTATTAATGACGTCAGACAAACAAACGCCTCATGTTATTCTGAAAAAA

AUoAswutXar"* 1 4 0

2690

8.1.6T7I1l.Assembla

8.1.61P <-
8.1.6E8.NEWRC*. <-
8.1.62E <-
.8.2.1T3 ->
8.2.1REV ->

8.1.6E8.7.1jgl <-

8.1.6T7ll.Assemble

2700]| 2710 2720 2730 .2740 2750 , , ,2760 2770 2780
. AATGTAAAAATAGCTCCAAACTCAAGAATACTACTAAGAAACCTTCTGAATTTTGTAAAAATGTGATGAATCTCAATGTATCVCGTAAAAATAGTT

AATGTAAAAATAGCTCCAAANTCAAGAATANTAMTAAGAAACCTTCTGAATTTTGTAAAAATGTC-KGAATCTCAATGTATNTYGTAAAAATAGTIC

AATGTAAAAATAGCTCCAAACTCAAGAATACTACTAAGAAACCTTCTGAATTTTGTAAAAATCTGATGAATCTCAATGTATCTCGTAAAAATAGTT
AATGToAAAATAGCTCCaAACTCMAGAATACTACTAAGAAACCTTCTGAATTTTGTAAAAATGTGATGAATCTCAATGTaTCTCGTAAAAATAGTT
AATGTaAAAATAGCTCCaAACTCAARAATACTACTAAgAAACCTTCTGAATTTTGTAAAAATGTGATGAATCTCAATGTaTCTCGTAAAAATAGTT

AAATGTCaTGaATCTCAATGTATCTCCTAAAAATAGTT

2790 2800 2810 2820 2830 2840 2850 2860 2870 2880
. GGGAACTTCCCAAAAATAACCAAATAATTTCATTTATAGATTTTCTAATAGAAAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAAC!

8.1.61P <- GGGAAGTTCCCAAAAATAACGAAATAATTTCATTTATAGATTTTCTAATAGAAAAATTAAAATCAAACAATWACCCAATGAC TYTTGTAACAAAAC
8.1.6IP2 <- TTTATAGATTTTCcTAATAG-AAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAAT
8.1.62E <- CGCAAGTTCCCAAAAATAACGAAATAATTTCATTTATAGATTTTCTAATAGAAAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAAC
8.2.1T3 -> GGGAAGTTCCCMAAAATAACGAAATAATTTCeTTTATAGATTTTCTAATAGAAAAATTAAAATCMAACAATTACCCAATGACTCTTGTaACAAAA(
8.2.1REV -> GGGAAGTTCCCMAAAATAACGAAATAATTTCeTTTATAGATTTTCTAATAGAAAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAAC

8.1.6E8.7.1]g1 <-

GGGAAGTTCCCAAAAATAACCAAATAATTTCATTTATAGATTTTCTAATAGAAAAATTAAAATCAAACAATTACCCAATGACTCTTGTAACAAAAC

Aulo
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2mo| 25107 2520 2530 2Mo0| 2550| 2560]|

8.1.6T7I1l.Assembla- ATGAATTAATAAATAAATTGGGCAATATACACAAVCCTTTTTATAATTTTCATAATGATCGTTCBATACATGATYATAATTTATATACATCATCAA

8.1.6E8.NEWRC4. <-
8.1.62E

8.2.1T3

8.2.1REV

8.1.6T7Il.Assembla

8.1.61P <-
8.1.6E8.NEWRC*. <-
8.1.62E <-
8.2.1T3 ->
8.2.1REV ->

©

.1.6T7ILAssemble

8.1.61P <
8.1.61P2 <.
8.1.62E <-
8.2.1T3 ->
8.2.1REV ->
8.1.6E8.7.1]gl <-
8.1.6.9 <-

8.1.6T7Il .Assemble.

8.1.61P <-
8.1.6I1P2 <-
8.1.62E <
8.2.1T3 ->
8.2.1REV >
8.1.6E8.7.1jgl <-
8.1.6.9 <-
8.2.1T7xi <.
8.2.177 <-
8.2.1M13 <-

ATGAATTAATAAATAAATTGGGCAATATACACAATCCTTTTTATAATTTTCATAATGATC6TTCGATAGATGATTATAATTTATATACATCATCAA
CATAATGATCGTTCGATAGOTGATTATAATTTATATACATCATCAA

CATCGTTCGATAGATGATTATAATTTATATACATCATCMA

GATCGTTCGATAGATGATTATAATTTATATACATCATCAA

2600 2610~ 2620 2630 2640 2650 2660 2670 2680
. AAAATAATTTTGTAAATTGTTTAAAAAAAGGATTTGAAAATATAAAAAAAAAAACAAATGATATTATTTCATATGAAGAAAAATTATATACAGATA

AAAAAAAAACAAATGATATTATTTCATATGRAGAAAAATTATATACAGATA
AAAATAATTTTGTAAATTGTTTAAAAAAAGCATTTGAAAATATAAAAAAAAAAACAAATGATATTATTTCATATGAAGAAAAATTATATACAG-TA
AAAATAATTTTGTAAATTGTTTAAAAAAAGCATTTGAAAATATAAAAAAAAAAACAAATGATATTATTTCATATGAAGAAAAATTATATACAGATA
AAAATAATTTTGTAAATTGTTTAAAAAAAGGATTTGAAAATATAAAAAAAAAAACAAATCATATTATTTCATATGAAGAAAAATTATATACAGATA
AAAATAATTTTGTAAATTGTTTAAAAAAAGGATTTGAAAATATAAAAAAAAAAACAAATGATATTATTTCMTATGAAGAAAAATTATATACAGATA

pr0«160*2» .

2890~ 2Wo 2910 2920.
AGATTTTATAAAAAAACAATTCGAGGATATTAAAAATAA'ACACAATAAA'CACATAAAAA'TATGTAAACAAG*

2970
ACAAATGTA

2%

TAGATTTTATAAAAAAACAATTCGAGGATATTAAAAATAAACACAATAAACACATAAAAATATGTAAACAAGAAGAGATTGTTGTGAACAAATCTA
TAGATTTTATAAAAAAACAATTCGAGGATATTAAAAATAAACACAATAAACACATAAAAATATGTAAACAAGAAGAGATTGTTGTGAACAAATCTA
TAGATTTTATAAAAAAACAATTCCAGGATATTAAAAATAAACACAATAAACACATAAAAATATGTAAACAAGAAGAGATTGTTGTGAACAAATCTA
TAGATTTTATAAAAAAACMATTCGAGGATATTAAAAATAAACACAATAAACACATaAAAATATGTaAACAAGAAGAGATTGTTGTGAACAAATGTa
TAGATTTTATAAAAAAACAATTCGAGGATATTAAAAATAAACACAATAAACACATAAAAATATGTOAACAAGAAGAGATTGTTGTGAACAAATGTO
TAGATTTTATAAAAAAACAATTCGAGCATATTAAAAAT AAACACAATAAAC ACATAAAAATATGTAAACAAGAAGAGATTGTTGTGAACAAATCTA

ATTTTATAAAAAAACAATTCGGGGTTTTTAAAATTAAAC-CANTAAANACTTAAAAATATGTAAACAAGAAGAGATTGTTGTGAAMAAATCTA

2980 2990 3000 3010 3020 3030 3040 3050 3060 3070
CCAACAACATTGATAATAATAATTGTGATAAACATTTTAATGAAATTAAAAAAATAGCCGAATCATATACCATTATATTTTATAATTATAC AATTT

CCAACAACATTGATAATAATAATTGTCATAAACATTTTAATGAAATTAAAAAAATACCCGAATCATATAGCATTATATTTTATAATTAOACAATTT
CCAACAACATTGATAATAATAATTGTGATAAACATTTTAATGAAATTAAAAAAATACCCGAATCATATAGCATTATATTTTATAATTATACAATTT
CCAACAACATTGATAATAATAATTGTGATAAACATTTTAATGAAATTAAAAAAATAGCCGAATCATATAGCATTATATTTTATAATTATAC AATTT
CCAACAACATTGATAATAATAAtTGTGATAAACATTTTAATGAAATTAAAAAAAT-gCCGAATCOTATGYCNTTAT-TTTTATAATTATACAOTTT
CCAACaACATTGATAATAATAATTGTGATAAACATTTTAATGAAATTAAAAAAATAGCCGAATCOTATAGCATTATATTTTATAATTATACATTT
CCAACAACATTGATAATAATAATTCTGATAAACATTTTAATGAAATTAAAAAAATAGCCGAATCATATAGCATTATATTTTATAATTATACAATTT
CCAACAACATTGATAATAATAATTCTCATAAACATTTTAATGAAATTAAAAAAATAGCCGAATCATATAGCATTATATTTTATAATTATACAATTT
TTTAATG-AATT-AAAAAATAG-CGOATCATATAGCATTATATTTTATAATTATACAATTT
ATGAAATTAAAAAAATAG6CCGAATCATATAGCATTATATTTTATAATTATACAATTT

ATTATA-TTTATAATTATACCATTT
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3088 3099 3180 . ,3110 , , 3120 . . ,3m 31404
8.1.6T711.Assembla- TAGAAAATTTAGAATCAGVAAATATTACATATAACGAGTCCTTAGATTACTTTTTTAATTCACTAGGGAAATTATTAA'TAAACAAAGT AGATTCCG

8.1.6I1P <- TAGAAAATTTACAATCA6TAAATATTACATATAAGGAGTCCTTAGATTACTTTTTTAATTCACTA6GGAAATTATTAATAAACAAAGTAG-TTCCG

8.1.61P2 <- TAGAAAATTTAGAATCAGTAAATATTACATATAAGGAGTCCTTAGATTACTTTTTTAATTCACTA6CGAAATTATTAATAAACAAAGTAGATTCCG

8.1. 6ZE <- TAGAAAATTTAGAATCAGTAAATA

8.2.1T3 -> TAGAAAATTAAgA

8.2.1REV -> TAGAAAATTTAgAA-C

8.1.6E8.7.1]gl <- TAGAAAATTTAGAATCAGTAAATATTACATATAAGGAGTCCTTAGATTACTTTTTTAATTCACTAGGGAAATTATTAATAAAC AAAGTAGATTCCG

8.1.6.9 <- TAGAAAATTTAGAATCAGTAAATATTACATATAAGGAGTCCTTAGATTACTTTTTTAATTCAYTAGGGAAATTATTAATAAACAAAGTAGATTCCG

8.2.1T7U <- TAGOAAATTTAGaATCAGTAAATATTACATATAAGG-GTCCTTAGATTACTTTTTTAATTCACTAGGG-AATTATTAATAAACCAAGTAGATTCCG

8.2.177 <- TAGAAAATTTAGAATCAGTAAATATtACATATAAGGAGTCCTTAGATWACTTTTTTAATTCACTAGGGAAATTATTAATAAACAAAGTAGATTCCG

8.2.1M13 <- TAGaAAATTTAGOATCAGTAAATATtACATATAAGGAGTCCTTAGATTACTTTTTTAATTCASTAGGGAAATTATTAATAAACAAAGTAGATTCCG
31707 3180 3190 3200 3210 3220 3230 3240 3250 3269

8.1.6T7IlLAssemblO- ATGGAAATATAATAGAAGAAAATGATATTGATAATTTTGATTTGTCTAAACCCAAAAATAATV TTAAATTATTAGAAGGTGAATTAAATGGAGTAT

8.1.6IP ATGGAAATATAATAGAAG

8.1.61P2 ATGCAAATATAATAGAAGAAAATG/ rAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTWWATGGAGTAT
8.1.6E8.7.1jgl ATCGAAATATAATAGAAGAAAATGATATTGATAATTTTGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGTMT
8.1.6.9 ATGGAAATATAATAGAAGAAAATEATATTGATAATTTTGATTTGTYTAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGTAT
8.2.1T711 ATGGAAATATAATAGAAGAAAATGATATTGATAATTTTGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGTAT
8.2.177 ATGGAAATATAATAGAAGAAAATGATATTGATAATTTTGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGTAT
8.2.1M13 ATGGAAATATAATAGAACAAAATGATATTGATAATTTTGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGAAGGTGAATTAAATGGAGTAT
8.1.6.1E ATGNTATTGTTAATTTKGATTTGTCTAAACCCAAAAATAATTTTAAATTATTAGAAGNTGAATTAAATGGAGTAT

A AmoA«demble— 140 E8 contiB-1
3460 3470 3480 3490 3500~ 3520| , , ,3530"

8.1.6T7Il.LAssemblo ATAAATCAACTTATGATGAAAAAAAAGAAGGGTTTGAAAGTTCT'CTTGAATTAG'C AAAAAATTG'GGAAAAAAAA'AAACTCGAAA'TAATAACCGAAT

8.1.63E ATAAATCAACTTATGATGAAAAAAAAGAAGGGTTTGAAAGTTcTcTTGAATTAGCAAAAAATTGGGAAAAAAAAAAACTCGAAATAATAACGGAAT
8.1.61E ATAAATCAACTTATGATGAAAAAAAAGAAGGGTTTGAAAGTTC TCTTGAATTAGCAAAAAATTGGGAAAAAAAAAAACTCGAAATAATAACGGAAT
8.1.6.9 <- ATAAATCAACTTATGAtGAAA

8.2.1T711 <- ATAAATCAA

8.2.1T7 <- ATAAATCAA

8.2.1M13 <- ATAAATCAA

8.1.6.1E <- ATAAATCAACTTATGATGAAAAAAAAGAAGGGTTTGAAAGTTcTcTTGAATTAGCAAAAAATTGGGAAAAAAAAAAACTCGAAATAATAACGGAAT

8.1.6T7I1l.Assembla- TAAAAAAAAAAAATGAAGAAACTGTTCAATTGGATATAAAAATTAGAGAACTAATTAAACAAATCAAAGATATTATAGAGGAACAAAAAATAGTGA

8.1.63E TAAAAAAAAAAAATGAAGAAACTGTTCAATTGGATATAAAAATTAGAGAACTAATTAAACAAATCAAAGATATTATAGAGGAACAAAAAATAGTGA
8.1.6.5 AAAAAAAAAAtGaAGAAACTGTTCAATTGGATaTAAAAATTaGaGAACTAATTAAACAAOTCAAAGATaTTATaGoGGAACAAAAANTRGTGA
8.1.61E TAAAAAAAAAAAATGAACAAACTGTTCAATTGGATATAAAAATTAGAGAACTAATTAAACAAATCAAAGATATTATAGAGGAACAAAAAATAGTGA

<- TAAAAAAAAAAAATGAAGAAAYTGTTCAATTGGATATAAAAATTAGAGAAYTAATTAAACAAATCAAAGATATTATAGAGGAACAAAAAATAGTGA

AuloA*»embtaf™ 1.4.0 E« conOg-1

.1.6T7Il.Assembla-

8.1.63E

8.1.61P2

8.1.61E

8
8
8
8

8.2.1M13
8.1.6.IE

1

1.6E8.7.1]gl
1.6.9
2.1T7i1

L2177

<-
<-

<-

<-
<-
<-
<-
<-
<-

8.1.6T71l.Assembla-

8.1.63E

8.1.61E

8

mom

3270 3280 3200 3300 3310 . 3320 33300 3340 . 33504 .30
TTGAAAATAAATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAATAATATTATTAATTATACAATATATGA

AAAGATACAATGAAAAAAATAATATTATTAATTATACCATATATGA
TTGAAAATAAATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAATAATATTATTWATTATAC
TACAATATATGA

TTGAAAATAAATGGRRTGATTAT-AAAATAA

TTGAAAATAAATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAATAATATTATTAATTATACAATATATGA
TTGAAAAT AAATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAATAATATTATTAATTATACAATATATGA
TTGAAAAT AAATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAATAATATTATTAATTATACAATATATGA
TTGAAAATAAATGGAATGATTATAAAAATAATAAAAATCTTGATCAATTCAAAGATACAATGAAAAAAATAATATTATTAATTATACAATATATGA
TTGAAAATAAATGGAATGATTATAAAAATAATAAAANTCTTGATCAATTCAAACATACAATGAAAAAAATAATATTATTAATTATACAATATATGA

3380 3390] 34007 34104 34207 3430 m\
ACGAATTTAAAGGCTTGAATGACGCTATGACAAAACTAAAAAATCAAGGTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATTCG

ACGAATTTAAAGCCTTGAATGACGCTATGACAAAACTAAAAAATgOAGGTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATTCG

ACGAATTTAAAGGCTTGAATGACGCTATGACAAAACTAAAAAATgaAGGTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATTCC

ACGAATTTAAAGGCTTGAATGACGCTATGACAAAAYTAAAAAATGOAGGTATTTCACAAAAATTTCTGATTAATAATCAAATAAAACAAAAATTCG
ACGAATTTAAAGCCTTGAATGACCCTATGACAAAACTAAAAAATCAAGGTATTTCACAAAAATTTCTGATTAATAATCAAATAAAACAAAAATTCG
ACGAATTTAAAGGCTTGAATGACGCTATGACAAAACTAAAAAATGAAGGTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATTCG
ACCAATTTAAAGGCTTGAATGACGCTATGACAAAACTAAAAAATGAACCTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATTCG
ACGAATTTAAAGGCTTCAATGACGNTATGACAAAACTAAAAAATgOAGGTATTTCACAAAAATTTGTGATTAATAATCAAATAAAACAAAAATTCG
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3650 3mo0 _ , .3670 3mMo 3690 , 3700 3710
.1.6T7I1l.Assembla. ACGATTTAAAATTAGAATTAAACAAAAAAATAAAAGAAATAACTGAGAAAATTGAATATATT'AAAAAAGCAG'TTGACTTAAAGAAAGAAATAGAAA

<-
<-
<-

.1.6T7Il.LAssemble-

A
1
A

63
.6
61

me m

ACGATTTAAAATTAGAATTAAACAAAAAAATAAAAGAAATAACTGAGAAAATTGAATATATTAAAAAAGCAGTTGACTTAAAGAAAGAAATAGAAA
ACGATTTAAAATTNGAATTAAACAAAAAAATAAARGAAWTAACTGNGAAANTTGAITATATTAAAAARGCAGTTGACTTAARGAARGAAKTRGAAA
ACGATTTAAAATTAGAATTAAACAAAAAAATAAAAGAAATAACTGAGAAAATTGAATATATTAAAAAAGCAGTTGACTTAAAGAAAGAAATAGAAA

ACGATTTAAAATTAGAATTAAACAAAAAAATAAAAGAAATAACTGAGAAAATTGAATATATTAAAAAAGCAGTTGACTTAAAGAAAGAAATAGAAA
3750 3760 3770 3780 3790% 3800 3810~ 38207 38304 3840~

AAGACACGTATATATTGATGAATTAGCTAAGGAACCACCATATCAAATTACAAAATATATAGAAAAAAAAAATGAAATATATAATACAATAAAAT

AAGACAACGTATATATTGATGAATTAGCTAAGGAACCACCATATCAAATTACAAAATATATAGAAAAAAAAAATGAAATATATAATACAATAAAAT

ARGACAACGTATATATTGATGAATTRGNTANCGANCCACCATOTCAAATTACAAAATATATCGAAAAAAAAADTGAAATATATAATACAATAAANT
AAGACAACGTATATATTGATGAATTAGCTAAGGAACCACCATATCAAATTACAAAATATATAGAAAAAAAAAATGAAATATATAATACAATAAAAT

AAGACAACGTATATATTGATGAATTAGCTAAGGAACCACCATATCAAATTACAAAATATATOGAAAAAAAAAATGAAATATATAATACAATAAAAT
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350 3»6e 3870 3888 3@

8.1.6T7I1l.Assembla. CAOATTTTGA'CAAAATTTATGTAGGCGATATTGAACAACTTTACAATGAAXTCTTTTCTGVAGTTCAAGAAAGTAACATTGAGCATATAGAAAATA

8.1.53E <- CAGATTTTGACAAAATTTATKKAG
8.1.6.5 <- CRGATTTTGACAAAATTTATGTNGGCGATATTGAACAACTTTACAATGAAATGTTTTcTGTAGTTCAaGAAaGTAACATTGaGCaToTaGAAAATA
8.1.61E <- CAGATTTTKACAAAATTTATGTAGGCGATATTGAACAACTtTACaoTGAAATFITTTTC

<- CAGATTTTGACAAAATTTATGTAGGCGA

39407 39507 39604 3970 3989 3990 4000 4010 4020 4030

8.1.6T7Il.Assembla. AAACAGAAATTCTAACTTTAAAAACGAAAATAGATAATGTATATAATAAAATCCAAAACATGGAAACTGAAACAGTTAAATCACATCTAAGGAATA

<- AAACaGAAOTTcTAACTTTAAAAACGAAA0TaGATAATGTATaTAATAAAOTCCAAAACATGGAAACTGAAACaGTTAAaTCAcaTcTAAGGAATa

AmoA«s*mCI*r— 14 0

., 4230| 4240 4K0| 4260 , , 42704 4280 4290 430
.1.6T7I1l.Assembla. GAAAGCATTATAATGATCAAATTAATATAGACAATATTAAGGAAAAAGAAGCCAAACAAAACTATGATCAATTCAAAGAACATATGAAAACAATAC
.1.6.4 -> GAAAGCaTTAToATGATCAAATTaATATaGACaATaTTAAGGAAAAAGAAGCCAAACaAAACTaTGATCaATTCoAAGAACATATGAAAACOATaC
0 4340 "jam

8.1.6T7I11.Assemble. 'CACCTAACGAAAATGAAATAVCcAAAAACCATCAATGAGATAAAAATTATGAAAGACGAAT ICTTGAGTAAAGTAAATAAATATAATGATT ITGACA

8.1.6.4 -> CeCCteACGAAAATGAAATATCeAAAACCeTCeATGAGATAAAAATTATGAAAGACGAATTCTTGAGTaAAGTAAATAAATATAATGATTTTGACA
8.1.6T10 <- ACGeAAATGaAATaTCoAAA0CCeTCaATGAGATAAAAATTeTGeAAGaCCaATTcTTGAGTAAAGTAAATaAATATAATGATTTTGACa

-jL-'"AOPied AuloA »anbly'-1 40 ESconM9-1

4M0 4%e 4666 4070 4W0 4198~ 4110~
8.1.6T7I1l .Assembla, TAGAAACTAACAACAAACTTTCAGAAACAATTTTGGATATAATAAAATATATATATGGAGAGATTACCAACGAGCTAAATAAAACATTAGAAGACT

.6. -> GAAACAATTTTGGaTATAATAAAATATATATATGGAGAGATTaCCoACGAGCTAAATaAAACATTaGAAGACT
1.6.5 <- TaGAAACTAACAACAAACTTTCaGAAACAATTTTGGATATAATAAAATATATATaTGGAGAGATToCCAACGAGCTAAATAAAACATTAGaAGACT

4110

8.1.6T7I11.Assemble. TTAAAAATAAAGAAAAAGGACTATCCAATAAAATAGATGAATACGCTAAGGAAAATGTCCAATTAAATGTTTATAAATCTAACATATTAGAAATCA

8.1.6.4 -> TTaAAAATaAAGAAAAAGGaCTATCCAATaAAAToGATGAATaCGCtoAGGaAAATGTcCaATTAAATGTTTaTaAATCtaACoTaTTaGAAATCa
8.1.6.5 <- TTaAAAAtoA
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4420 .4430| 4460 4500 4510
8.1.6T7IlLAssemble. AAGTTTATAAAGAAAAGGTTGAAT'CAGAACACAA TAAATTTACTGAATTAACAAATAAAATAAAXACAGAAGTT TCGGATGAAGAAATAAAAAAAT

AAGTTTATAAAGAAAAGGtTGAATCaGAACACaATAAATTTACTGAATTAACAAATAAAATAAAAACAGAAGTTTCGGATGAAGAAATAAAAAAAT

8.1.6.4 ->
AAGTTTATAAAGAAAAGGTTGAaTCAGAACACAATAAATTTACTGAATTAACAAATAAAATAAAAACAGaAGTTTCGGATGaAGAAATAAAAAAAT

8.1.6T10 <-

4520 4539 4540 4550 4560 4560
8.1.6T71l. Assemble. ATGAAAACAAATTTAATGATAGCAAATCTTTAATTAATGAAACAAAAAAATCCATTGAAGAGGAATATIAAAACATTAATACACTTAAAAAGGTAG

8.1.6.4 -> ATGAAAACOAATTTAATGATAGCAAATCTTTAATTAATGAAACAAAAAAATCCeTTGAAGAGGAATATCeAAACATIeATACeCTTeAAAAGGTeG
8.1.6Tle <- ATGAAAACAAATTTAATGATAGCAAATCTTTAATTAATGAAACAAAAAAATCCATTGAAGAGGAATATCAAAACATTAATACACTTAAAAAGGTAG
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4610. 4620, 4630 4640. 4660. 4670 4680 4 4700
8.1.6T7I1l.Assembla. ATGATTATATAAAAGTATGTCTAAATACAAATGAATTAATAACAAATT6TCATAATAAACAAACTACATTAAAAGACAAATTAAATCAAAATATTA
1.6.4 > AtgATTATATOAAAGTaTgT
.1.6T10 <-

ATGATTATATAAAAGTATCTcTAAATACAAATGAATTAATAACAAATTGTCATAATAAACAAACTACATTAAAAGACAAATTAAATCAAAATATTA

4710 4 720 47307 4740 4750 4760 4770 4780 4790 4800

1.6T7Il.Assemble. AAACCATAAAAGAAACTAATTCAATAGATAAAATTTATACAGACAAGTTTGAAAATATATTAACAGATAAAAAGACAGAATTAGAAACAAAATTCA

1.6T10 <- AAACCATAAAAGAAACTAATTCAATAGATAAAATTTATACAGACAAGTTTGAAAATATATTAACAGATAAAAAGACAGAATTAGAAACOAAATTCA

AuloA«t«l*>IW"™ 140
5000. . 5010 5020 5030 5040 5050 5060 5070 5080
8.1.6T7Il.LAssemble. CAATTTATACATCCATTTATAATATTAATGAAGATACAOAAAATGAAATTGGAAAAAGTATAGAATTACTAAATACCAAAGTACTTGAAAAGGTAA

8.1.6T7H <- CAATTTATACATCCATTTATAATATTAATGAAGATACAGAAAATGAAATTGGAAAAAGTATAGAATTACTAAATACCAAAGTACTTGAAAAGGTAA
8.1.6Tle <- CAATTTATACATCCATTTATAATMTTAATGooG

8.1.@413 <- CAATTTATACATCCATTTATAATATTAATCAAGATACAGAAAATGAAATTGGAAAAAGTATAGAATTACTAAATACCAAAGBAYTTGAAAAGGTAA
8.1.6T7 <- CAATTTAWACATCCATTTATAATATTAATGAAGATACAGAAAATGAAATTGGAAAAAGTATAGAATTACTAAATACCAAAGTACTTGAAAAG6GTAA
50907 5100]| 5110 51207 51304 5140 5150 5160" 5170 5180

8.1.6T71l.Assemble. AAGCAAACGTAACCAATTTGAATGAAATAAAGGAAAAATTAAAAGATTATGANTTCAGGATTTTCGAAAAGAGAAAAATATTAAATATCCTGATG

8.1.6T7U <- AAGCAAACGTAACCAATTTGAATGAAATAAAGGAAAAATTAAAAGATTATGATTTTCAGGATTTTGGAAAAGAGAAAAATATTAAATATCCTGATG
8.1.6M13 <- AAGCAAACGTAACCAATTTGAATGAAATAAAGGAAAAATTAAAAGATTATGATTTTCAGGATTTTGGAAAAGAGAAAAATATTAAATATCCTGATG
8.1.6T7 <-

AAGCAAACGTAACCAATTTGAATGAAATAAAGGAAAAATTAAAAGATTATGATTTTCAGGATTTTGGAAAAGAGAAAAATATTAAATATCCTGATG

y S [ AidoA»MBbIC* T 4.0

4810 . 4820 4830 . . 4840 . 4850 . 4860 4870~

8.1.6T711.Assembla, CAGGATTGTCTTTAAATAATCACGAATCGAATAACAAAGAATTGCTAACATATTTTTATGATTTAAAGGCAAATTTAGGAAAAAATAAAGAAAACA

8.1.6T7XI <- CCTAACATATTTTTATGATTTAAAGGCAAaTTToGGAAAAAATAAAGAAAACA
8.1.6T10 <- CAGGATTGTCTTTAAATAATCACGAATCGAATAACAAAGAATTCCTAACATATTTTTATGATTTAAAGCCAAATTTAGGAAAAAATAAAGAAAACA

8.1.6M13 <- GGCAAOTTToGGAAAAAATAAAGAAAACA

4900| 4910 4920. M\ 4950 4980
8.1.6T71l.Assembla. TGTTATATAAACAAVTCAATGAAAAAGAAAAAGC TGTTGAAGATATTAAGAAAAAAAATGTAGAYATAAATAAAATTGTTTCAAATATTGAAATAA
8.1.6T711 <- TGTTAToTAAACAATTCAATGAAAAAGAAAAAGCTGTTGAAGATATTAAGAAAAAAAATGTAGATATAAATAAAATTGTTTCAAATATTGAAATAA
8.1.6Tla <- TGTTATATAAACAATTCAATGAAAAAGAAAAAGCTGTTGAAGATATTAAGAAAAAAAATGTAGATATAAATAAAATTGTTTCAAATATTGAAATAA
8.1.6M13 <- TGTTATATAAACAATTCAATGAAAAAGAAAAAGCTGTTGAAGATATTAAGAAAAAAAATGTAGATATAAATAAAATTGTTTCAAATATTGAAATAA
8.1.6T7 <-

GTTATATAAACAATTCAATGAAAAAGAAAAAGCTGTTGAAGATATTAAGAAAAAAAATGTAGATATAAATAAAATTGTTTCAAATATTCAAATAA

AuleAswmblef - 1.4.0 EaconUg-1 p«e*zaoila

5190. 5200 5210 5220 5230 58]

8.1.6T71l.LAssemble, AAAACAAAATTAAAAATGATATTGATACATTAAACCAAAAAATCGA'TAAAAGTATAGAGACATTAACGGAAATAAAAAAAAATTCAGAGAACCATA’

8.1.6T7TW <- AAAACAAAATTAAAAATGATATTGATACATTAAACCAAAAAATCGATAAAAGTATAGAGACATTAACGGAAATAAAAAAAAATTCAGAGAACCATA
8.1.6M13 <- AAAACAAAATTAAAAATGATATTGATACATTAAACCAAAAAATCGATAAAAGTATAGAGACATTAACGGAAATAAAAAAAAATTCAGAGAACCATA
8.1.6T7 <-

AAAACAAAATTAAAAATGATATTGATACATTAAACCAAAAAATCGATAAAAGTATAGAGACATTAACGGAAATAAAAAAAAATTCAGAGAACCATA

5290~ 5300* 5310 5320~ 5330° 53404 535(
8.1.6T7Il.LAssemble. TTGATGAAATAAAAGGACAAATAGATAAATTAAAAAAAGTACCAAATAAAACAATGTTTAACGAGGATC

<- TTGATGAAATAAAAGGACAAATAGATAAATTAAAAAAAGTACCAAATAAAACAATGTTTAACGAGGATC

8.1.6M13 <- TTGATGAAATAAAAGGACAAATAGATAAATTAAAAAAAGTACCAAATAAAACAATGTTTAACGAGGATC
8.1.6T7 <- TTGATGAAATAAAAGGACAAATAGATAAATTAAAAAAAGTACCAAATAAAACAATGTTTAACGAGGATC



