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I
ABSTRACT 

I 

I Malaria has afflicted man for thousands of years and still affects millions of 
people each year. A frequently fatal complication of infection with Plasmodium 

falciparum is cerebral malaria, which is associated with the cytoadherence of infected 
erythrocytes to the endothelial lining of capillaries and venules of the brain. A 

I complete understanding of the mechanisms of cytoadherence is yet to be gained, with 
a long term view to developing drugs which may block or reverse the interaction. 

I While in the blood stages, the parasite expresses a diverse range of variants of 

I 
the var antigen, encoded by var genes on the surface of infected erythrocytes. Rapid 
switching between different variants allows the parasite to evade the host immune 

I 
response and hence, splenic clearance. 

Recently, Ockenhouse and colleagues identified a distinct antigen of P. 

I
falciparum which they named 'sequestrin'. Sequestrin binds to CD36, a receptor 
found on endothelial cells. In an independent series of studies in our laboratory, a 

I
locus important in binding to CD36 has been mapped to chromosome 9. Hence, the 
evidence suggests that the sequestrin gene is the locus located on chromosome 9. 

In the work described here, mapping studies have shown that the sequestrin 
gene is not located on chromosome 9. It is located on a smaller chromosome, 

I possibly chromosome 4 of the parasite. Prior to the start of this project, only —2kb of 
the —6kb gene had been sequenced. In the course of this project, a further 256bp of 

I the gene has been sequenced. Analysis of repeat sequences within the known 
sequence has been carried out on 10 isolates and clones of P. falciparum, showing 
size variation similar to that commonly associated with other malarial antigens, where 
most mutations obtained e.g. amino acid deletions or base chages, were silent. 

I Transfection experiments are underway to elucidate the biological function of the 

I 
protein by "knocking out" the sequestrin gene. Should transfections prove successful, 
it should be possible to establish with certainty whether this gene mediates binding to 

I 
CD36. If so, it would be an ideal vaccine candidate and may be useful in producing 
anti-idiotype antibodies for immunotherapy of cerebral and severe P. falciparum 
malaria. 

I xiii 



CHAPTER 1. INTRODUCTION 

I 

I 1.1 Background 

Every year there are approximately three hundred to five hundred million 
clinical cases of malaria, resulting in one to two million deaths each year (Wizel et al., 
1995). The vector of the disease is a mosquito of the genus Anopheles, of which 
about sixty species are important malaria vectors. The disease may occur in almost all 

I parts of the world, and almost all continents contain areas which are potentially at 
risk, though it is predominant in tropical and subtropical regions (Miller, Good and I Milon, 1994). 

The occurrence of malaria within a community can be classified as being either I 'stable' or 'unstable'. An area with 'stable' malaria experiences high levels of 

I
transmission which remains relatively constant over the years. Individuals over 5 
years of age who live in such areas gradually develop clinical immunity. In 'unstable' 

I
malaria, the amount of transmission fluctuates from year to year, and epidemics are 
more common as individuals fail to develop immunity (Gilles and Warrell, 1993). 

I
Four species of the parasite contribute to human malaria, these being 

Plasmodiumfalciparum, Plasmodium vivax, Plasmodium ovale and Plasmodium 
malariae. Of these, P. falciparum and P. vivax are the two most prevalent species of 
human malaria. The latter causes the mildest form of malaria whilst the former is 

I responsible for the most deaths (Howard and Gilladoga, 1989). 
Quinine has been used to treat malaria since the seventeenth century, but 

I concerns about its toxicity in the early twentieth century have led to the synthesis and 
use of other drugs. Chioroquine has become available since the end of World War II 

I and has proven to be effective. However, parasite strains which are resistant to 

I 
chioroquine and other synthetic antimalarial drugs have emerged over the past thirty 
years, rendering such treatment less effective. Furthermore, the Anopheles mosquito 
has also become resistant to insecticides such as DDT, used to control the spread of 

I 
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the disease, resulting in-an upsurge of malaria in certain countries 



1.2 Life Cycle of the Parasite: 

The life cycle and infection begins when the infected female Anopheles 

I
mosquito takes a blood meal from a human host and injects him/her with sporozoites 
(refer to Figure 1.1). The sporozoites invade hepatocytes within thirty minutes of 
entry into the bloodstream, where they develop and multiply over a period of 6-16 
days depending on the species (Gilles and Warrell, 1993), producing thousands of 
merozoites. Merozoites are released from the tissue into the circulation when the 
parasitized hepatocytes rupture and they invade erythrocytes, initiating the 

I erythrocytic cycle (Miller, Good and Milon, 1994). In the early part of the cycle, the 
parasite adopts the appearance of a small mass of chromatin surrounded by cytoplasm, 

I forming a ring shape known as a ring-trophozoite. The trophozoite grows into a 
schizont and undergoes schizogony, a process of multiple division and then splitting I into some 8-32 merozoites, depending on the species. Rupturing of the infected 

I 
erythrocyte releases the merozoites along with other cell debris into the blood plasma 
and it is at this stage that the patient experiences the first attack of fever. Some 

I
merozoites will enter other red blood cells where the erythrocytic cycle is repeated. 
Not all of the merozoites invading red blood cells develop into schizonts as some may 
develop into gametocytes, sexual forms of the parasite which are infectious to 
mosquitoes. 

I
When a female Anopheles mosquito ingests blood containing mature 

gametocytes from an infected human host, the gametocytes will be released from the 

I red cells and undergo gametocytogenesis (Gilles and Warrell, 1993). The male 
microgametocyte divides into four to eight nuclei, flagellate microgametes are formed 

I which fuse with the matured macrogametocytes (female sexual form) to make a 
zygote. The zygote will change into a motile ookinete which penetrates the gut wall 

I and embeds itself between the basal membrane and epithelium. It develops into an 
oocyst which grows and produces sporozoites in the body cavity of the mosquito. 

I When have into infective forms, they matured sporozoites penetrate the salivary 
glands and are transferred to the human host at the next blood meal. 

I 
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Figure 1.1: Life cycle of malaria parasites showing passage through both the mosquito and human host 
(adapted from Gilles and Warrell, 1993). 



1.3 Pathogenesis 

Individuals living in areas with stable malaria are susceptible to multiple 
reinfections. This is an important factor in the parasite's survival and disease 
pathogenesis. Such individuals gradually develop clinical immunity, but young 
children under the age of five years, are at high risk of disease (Miller et al., 1994). 
The adult human host demonstrates a degree of protection against reinfection by 
homologous parasites. 

A single P. falciparum infection may last for weeks, in which time the levels of 
parasitemia in peripheral blood will vary dramatically, moving from one extreme to the 
other (Brown and Brown, 1965). 

Infection with P. falciparum can result in several complications, including 
cerebral malaria, anaemia, hypoglycemia, renal failure and noncardiac pulmonary 
oedema. Cerebral malaria is most common in areas with unstable malaria, it can be 
fatal and occurs more frequently in 3- to 4-year-old children (Marsh, 1992). In areas 
with stable malaria, cerebral malaria is a relatively rare event, and severe anaemia 
which is not specific to P. falciparum infections, is more common (Miller et al., 
1994). Death in acute malaria is confined almost exclusively to P. falciparum 
infections. 

The pathogenesis of cerebral malaria is presently poorly understood, but 
parasite sequestration in the small cerebral blood vessels is known to be a critical 
element in the pathology of the disease (Kwiatkowski, 1995). Aikawa (1988) 
observed blockage of cerebral capillaries by P. falciparum infected erythrocytes. 
Erythrocytes infected with mature forms of the parasite (i.e. schizonts or 
trophozoites), adhere to the walls of capillaries and venules. Their sequestration and 
localization in the microvasculature of a variety of organs, obstructs blood flow, 
ultimately resulting in organ damage and the complications mentioned above (Cooke 
and Coppel, 1995). As a result of this, only the young, ring-stage parasites are 
observed in the peripheral circulation of infected individuals. 

The fever commonly associated with malarial infections occurs during schizont 
rupture and the subsequent release of merozoites to invade other erythrocytes (Miller 
etal., 1994; Kwiatkowski, 1995), 48 or 72 hours after initial invasion, depending on 
the parasite species. The rupturing of schizonts causes monocytes and macrophages 

9 



to release cytokines, namely tumour necrosis factor a (TNF-(x) and interleukin 1 

I (Kwiatkowski etal., 1989, 1995; Playfair etal., 1990). TNF-a production is 
stimulated by several antigens found on the surface of infected erythrocytes, including 

I the ring-infected erythrocyte surface antigen (RESA) (Picot etal., 1993), and the 

I 
merozoite surface proteins MSP-1 and MSP-2 (Schofield and Hackett, 1993). 

I 
1.4 The P!asmodium Genome 

1 .4.1 Nuclear Genome 

The malaria parasites are classified as lower eukaryotes. Aside from a brief I diploid phase leading into meiosis in the mosquito vector, they are haploid for most of 

I their life cycle (Wilson etal., 1991). The haploid genome has been estimated to be 
approximately 20-25 megabases and organized into 14 chromosomes, ranging in size 

I from approximately 600-3500 kilobases (kb) (Kemp etal., 1987b; Wellems etal., 
1987). It was observed that haploid asexual stage parasites cloned from a single 

I parent were able to produce both macro- and microgametocytes (Foote and Kemp, 
1989). This, along with other evidence on the number of chromosomes, led to the 

I conclusion that like many other lower eukaryotes, the Plasmodium species do not 
have sex chromosomes. 

I The parasite hosts the most GC-poor nuclear genome known so far (Pollack et 
al., 1982; McCutchan etal., 1984) with a G + C content of only 17-19%. The 

I coding sequences are AT-rich, especially in the third codon positions of amino acids. 
Furthermore, regions which flank genes have been found to contain the highest AT- 

I content within the genome. As a result, large cloned fragments of the P!as,nodium 

I 
genome in Escherichia coli are extremely unstable (Triglia and Kemp, 1991) and 

have led further cloning difficulties to problems in construction of an ordered library 

I 
of the parasite in E. co!i (Foote and Kemp, 1989). 

Genetic crosses of the parasite are difficult to perform and classical 

I
cytogenetic analysis is impossible as chromosomes do not condense during meiosis 
(Foote and Kemp, 1989), SO it was only recently that the number of chromosomes in 

I P. falciparum was known (Kemp, etal. 1987b; Wellems etal., 1987). 

I 4 



1.4.2 Organellar Genomes 

Early biochemical work has confirmed that mitochondrial genes in 
Plasmodium undergo differential expression during the transition from the vertebrate 
to the invertebrate host in the parasite's life cycle (Wilson etal., 1991). Vaidya and 
co-workers (1989) described a multi-copy extrachromosomal DNA molecule known 
as the 6kb element which is found in all blood-stage Plasmodium species so far 
examined, with homologues in other apicomplexans. Another organellar DNA 
molecule, a 35kb circle, also AT-rich, has been observed in all Plasmodium species 
and other apicomplexans (Borst etal., 1984; Williamson etal., 1985; Wilson etal., 
1991). Sequence data has revealed that it is not the 6kb element. Although both 
molecules are transcribed and translated into functional polypeptides, they have 
different genetic contents and are in no way related. It has been suggested that the 
two organellar molecules may be present in different compartments of the cell, each 
serving a different specific function (Wilson et al., 1991). Their conservation suggests 
that these functions are essential for viability of the parasite. There is a resemblance 
between the 35kb circular DNA and plastid genomes observed in some plants (de 
Pamphilis and Palmer, 1990; Siemeister and Hatchel, 1990), which are thought to 
preserve the biosynthetic pathways for porphyrin. It is possible that the 35kb DNA 
may have adopted a similar function since Plasmodium cannot metabolize the haem 
from ingested haemoglobin (Raventos-Suarez, Pollack and Nagel, 1982). It is highly 
likely that this molecule may have originated from a plastid (Gardner, Williamson and 
Wilson, 1991). 

5 



1.5 Polymorphic chromosomes of Plasmodium 

A hallmark of many protozoan parasites is the plasticity of their genome, and 
the Plasmodium species are no exception. Allelic variations of single genes in 
Plasmodium is not the only type of genomic plasticity observed. Polymorphisms of 
entire chromosomes have also been reported (Kemp etal., 1985; Van der Ploeg et 
al., 1985; Foote and Kemp, 1989; Lanzer etal., 1995). This phenomenon is shared 
by other organisms such as the Typanosoma spp., Leishmania spp. and Giardia 
Lamb/ia, none of which are phylogenetically related (Lanzer etal., 1995). 

Chromosome size variation is observed among isolates. A single chromosome 
may vary in size by several hundred kilobases in different isolates, and this occurs in 
both freshly isolated parasites and cultured isolates, indicating that chromosome size 
variation arises during both meiosis and mitosis (Kemp etal., 1985; Kemp etal., 
1987b; Wellems etaL, 1987). 

1.6 Chromosome polymorphisms occur at chromosome ends 

Recent studies on the organization of chromosomes in several protozoan 
parasites suggest that their chromosomes are compartmentalized into conserved 
central domains and polymorphic ends (Kemp etal., 1985; Holmes Giannini etal., 
1986; Sharkey etal., 1988; Korman etal., 1992; Lanzer etal., 1995). Walliker 
(1987) observed that in P. falciparum, mitosis contributes to extensive chromosomal 
polymorphism, while some variability originates from sexual recombination during 
meiosis. The size polymorphisms are mostly confined to approximately 100kb at 
either end of a chromosome while the central chromosome domains are conserved 
(Corcoran etal., 1988; Lanzer etal., 1993; Rubio et al., 1995). 

The telomeres of each chromosome of P. fa/ciparum are similar to those in 
other eukaryotes. As in P. berghei, telomeric sequences from P. falciparum consists 
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of a set of heptanucleotide repeat CCCT(G/A)AA, which varies between 60-80 copies 
in each chromosome (Dore et al., 1986; Vernick and McCutchan, 1988). The ability 
to isolate telomeric repeats by a single restriction enzyme digestion of subtelomeric 

I sequences 10-15kb from telomeres suggests that the subtelomeric domain is constant 
for all chromosomes in each particular parasite (Foote and Kemp, 1989). Both 
conserved as well as polymorphic features characterize the subtelomeric domain. This 
domain is organized into blocks of repetitive sequence elements which extend 

I approximately 100kb from the telomere (de Bruin et al., 1994) at each end of every 
chromosome, making up 2-5% of the parasite's total DNA (Foote and Kemp, 1989). 

I The telomere sequences are immediately accompanied by a 1kb block of complex 41 
base pair (bp) tandem repeats. This is followed by another block of similar though I shorter, 27bp repeats (Vernick and McCutchan, 1988). Immediately after this repeat 

I 
region is a block of non-repetitive sequence, a little further in, there is another set of 
repeats which have been named the 'Rep 20 repeats', these consist of2lbp sequences 

I which are slightly degenerate (Aslund et al., 1985; Oquendo et al., 1986). This is 
illustrated in Figure 1.2. 

I Corcoran Patarapotikul have etal. (1988) and (1988) observed that these 

I 
subtelomeric regions on the chromosomes of P. falczparum are the major polymorphic 
regions. The Rep 20 repeats are extremely variable in number, often occurring in 

I 
large numbers and sometimes not at all (e.g. at both ends of chromosome 1 ofD10, 
the shortest of the P!asmodium species, the left end of chromosome 1 ofE12, and 

I right end of chromosome 5 of 3137). The order of repetitive elements within 50kb of 
the subtelomeric domains are highly conserved among chromosomes of wild-type 

I parasites (Lanzer et al., 1994), but their number and hence size, vary among individual 
chromosomes. 

Mitosis and meiosis are not the only mechanisms which contribute to 

I 
polymorphisms. Chromosomal breakage followed by telomere healing have 
contributed to many other subtelomeric deletions (Foote and Kemp, 1989). 

I Genes encoding antigens are mostly located near the chromosome ends 
(Corcoran et aL, 1988). Many of these genes consist of highly antigenic and 

I polymorphic Polymorphisms repeats. associated with these genes are thought to have 

I 
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resulted from intragenic recombination between two or more different alleles, during 
meiosis (Kemp et al., 1987b). In contrast to antigenic genes, housekeeping genes are 
located in the central regions of the chromosome and are therefore more highly 
conserved, being less subject to recombination (Corcoran et al., 1988). Chromosome 
polymorphisms may indeed play a role in the parasite's ability to evade the host 
immune system, since the location of antigenic genes in this subtelomeric region will 
enable the development of alleles for new antigenic variants (Foote and Kemp, 1989). 
Although to date, no direct evidence for a functional role of genome plasticity in P. 

falciparum has been obtained, the expression of various P. falciparum antigens have 
been affected by deletions which occur in this region and extend into the coding 
regions of the gene (Lanzer, 1995). Deletion of the knob-associated histidine rich 
protein (KAHRP) gene on chromosome 2 in the D10 clone have resulted in KAHRP 
mutants which are knobless and cytoadherence-deficient (Udeinya et al., 1981; 
Pologe and Ravetch, 1986). In cell culture, these mutants have a growth advantage, 
but in vivo, the infected cells are eliminated by the spleen (Barnwell et al., 1983). 

Flexibility of the genome may contribute to the parasite's survival when 
challenged with drugs. Point mutations in the dihydrofolate reductase (DHFR) gene 
have produced field isolates with resistance to pyrimethamine (Cowman et al., 1988). 

A different type of genome plasticity was observed in P. chabaudi subjected to 
selection for high levels of pyrimethamine resistance. Here the DHIFR gene which was 
normally located on chromosome 7 had undergone a mutation, giving rise to two 
smaller chromosome 7 derivatives, each having a copy of the DHFR gene (Cowman 
and Lew, 1989). 

Chioroquine resistance by parasites was thought to have arisen from the 
presence of a multi drug resistance (mdr) gene (Martin et al., 1987). Two of these 
genes have been found on P. falciparum (pfhidr 1 and pfidr 2) chromosomes, their 
amplification has been observed in resistant lines. These amplifications are more 
commonly observed in vitro than in vivo (Kemp et al., 1996). 

Repetitive elements have also been found to contribute to the parasite's fitness 
and virulence. Birago and colleagues (1982) observed a positive correlation between 
the amount of repetitive DNA and the differentiation into active gametocytes in P. 
berghei. This was probably a measure of Rep 20 repeats being deleted from telomeric 
regions. In P. falciparum, a deletion in the repetitive subtelomeric domain of 
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chromosome 9, reduces the parasite's ability to undergo gametocytogenesis (Day el 

I al., 1993). 

1 1.7 Antigenic Variation and Diversity 

I In literature, the terms antigenic variation and antigenic diversity are often 
used in the same context. In the following section, the following definitions have been 

I adhered to (Kemp etal., 1996): 

i) Antigenic diversity is defined as the expression of antigenically different 
I alleles of a gene among different populations of P. falczparum. 

Antigenic variation is defined as the process whereby members of a clonal 
I

ii) 

population of parasite can change their antigenic phenotype. 

1.7.1 Antigenic Diversity 

The slow development of protective immunity in individuals living in areas of 

I high infection endemicity, is believed to be in part, due to antigenic diversity of the 
parasite (Biggs etal., 1992). 

To date, several types of antigenic diversity have been observed and reported 
(Kemp et al., 1996), these include tandem repeats within short peptide sequences 

I which vary in sequence between different isolates; and the occurrence of a gene in two 
different sequence types in different isolates, which encodes non-repetitive regions. 

I Intragenic recombination during meiosis between the two different sequence-types 
results in the production of more variants of the genes. There is also the occurrence 
of independent unlinked genes, scattered among the parasite's chromosomes which 
contribute to antigenic diversity via their different combinations which result from 

I Mendelian in during the in segregation meiosis sexual cycle observed transmission of 

I 
the parasite through mosquitoes. 

Most of the recent studies on malarial genes have been carried out on 

U
P. falciparum. The S-antigen, merozoite surface antigen-1, merozoite surface 
antigen-2, apical membrane antigen 1 and erythrocyte binding antigen-i 75 are all 
detected in the parasite's haploid genome. 

I 
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Malarial antigens which are expressed during the asexual blood stage of the 
parasite's life cycle are of most interest to our laboratory and are described in some 
detail. 

I 
1.7.1.1 The S-antigen 

I 
Wilson et al. (1969; 1975) first observed the presence of S-antigens in the 

I serum of P. falciparum infected individuals. It is soluble, heat stable and exhibits 
extensive size and serological diversity (Kemp et al., 1987b). The antigen is secreted I into the vacuole of the parasite, from which it is released into the serum of the human 
host on rupturing of the schizont (Anders et al., 1983; Howard et al., 1986), it is not I a surface antigen (Biggs, 1991). Coppel et al. (1983), and later, Cowman et al. 

(1985) found that the S-antigen contained isolate-specific tandem repeats of I oligopeptide sequences. Cowman et al. (1985) described the presence of a single 

I
exon within the S-antigen genes, with a block of tandem repeats, located centrally 
within the gene and flanked by non-repeat sequences. The repeats vary considerably 

I between different isolates not only in number but also in the size of repeat sequences, 
their actual sequences, and reading frames, giving rise to the antigen's serological 

I diversity mentioned above. 

S-antigens occur as a series of stable alleles which vary at a single gene locus 

I (Cowman et al., 1985; Saint et al., 1987) on chromosome 10 of the parasite (Kemp et 

al., 1987b). 

I It is thought that the serological diversity of the S-antigen is a product of 
selection by the host's immune system, so it may play a role in immune evasion, with 

I the repeats being of greatest importance. Frame changes within repeats can be 
tolerated, so they do not seem to have much of an impact on the function of the S- 
antigen (Kemp et al., 1996). The tertiary structure of the S-antigen is yet to be 

s
determined. 

I 
I 
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1.7.1.2 Merozoite Surface Antigen-i 

A group of antigens have been found on the surface of merozoites, and the 

I first of these to be discovered was termed merozoite surface antigen-i (MSA-i). 
Work done by Holder and Freeman (1981) showed that the protein is synthesized as a 

I large precursor during schizogony, but is broken down by proteolytic processing to 
form a complex on the surface of the merozoite. It is in this way that attachment to 

I the erythrocyte is mediated, occuring through anchoring of a C-terminal fragment of 
the protein into the red blood cell (Holder and Freeman, 1984). 

I MSA-1 is encoded by a single exon on chromosome 9 (Kemp etal., 1987b) 
which can be divided into seventeen blocks, one of which (i.e. block 2) contains short, 

I variable tripeptide tandem repeats. The other blocks constitute variable, 
semiconserved and conserved regions between different isolates of P. falciparum I (Tanabe, 1987). The N- and C-terminal sequences (blocks 1 and 17 respectively) are 

I 
the most highly conserved regions (refer to Figure 1.3). 

Antigenic diversity may also be acquired through intragenic recombination of 

I various isolates, across the conserved regions of the gene. 

I 1.7.1.3 Merozoite Surface Antigen-2 

I Like MSA- 1, the merozoite surface antigen 2 or MSA-2 (the second of this 
class to be discovered) gene is also dimorphic. However, it is similar to the S-antigen 

I in that it contains extensive tandem repeats which vary in size, number and sequence, 
though the MSA-2 antigen is relatively conserved in size among different isolates 

I (Smythe etal., 1988). The N and C-terminal regions are almost completely conserved 
among different isolates. The tandem repeats are centrally located and are flanked by 

I non-repetitive variable regions (refer to Figure 1.4). Two allelic families, IC-i and 

I chromosome 

FC27 are defined by these variable regions. The MSA-2 gene is located on 
2 1987b). Unlike MSA-i, (Kemp etal., recombinants of the two 

families can be derived by crossing over within the repeat domains during meiosis. 

I 
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1.7.1.4 Apical Membrane Antigen-i 

The merozoite antigen AMA-i is thought to be a receptor involved in invasion 
of erythrocytes. It is associated with the apical complex of the parasite. Peterson and 
colleagues (1990), observed that the C-terminal cytoplasmic region of the gene is 
highly conserved. Fragments of the protein have been observed to be associated with 
the merozoite surface during the release of merozoites into the host (Deans et al., 
1984; Narum and Thomas, 1994). 

The antigen exhibits a new pattern of diversity with only 4% variation between 
isolate sequences at both the amino acid and DNA levels (Thomas et al., 1990). 
Single amino acid substitutions are concentrated mainly between residues 160 and 
210. Highly conserved proline and cysteine residues among different species, 
suggests that protein folding plays an important role in antigenic ftinction (Peterson et 
al., 1990). 

1.7.1.5 Erythrocyte Binding Antigen 175 

Erythrocyte Binding Antigen 175 (EBA- 175) is a protein found in the 
micronemes of the parasite. It is 175kDa in size (Sim et al., 1990) and is released into 
the bloodstream of an infected host during rupture of the schizont-infected 
erythrocytes (Camus and Hadley, 1985). Initially, the antigen attaches the merozoite 
to the erythrocyte binding specifically to sialic acid residues on the erythrocyte 
glycophorin A which leads to invasion. 

Similarities in gene structure between EBA-175 and the Duffy binding protein 
ofF. vivax and P. knowlesi suggest that the proteins from these two plasmodia species 
belong to an erythrocyte binding family (Adams et al., 1992; Peterson et al., 1995). 
Ware and colleagues (1993) report the expression of EBA-175 in all P.falczparum 
isolates studied to date, its diversity seems quite limited. Genes encoding the protein 
from two isolates have been cloned and sequenced (Sim et al., 1990; Ware et al., 
1993). They are highly conserved except in two major regions of divergence, namely 
the F-segment (423bp) which is found only in the FCR3 isolate and not in the Malayan 
Camp (MC) isolate, and the C-segment (342bp) which is found in the MC but not 
FCR isolate. These regions have been found in all cultured or wild isolates examined 
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to date. However, they do not both occur in the same isolate, only one or the other is 
found. Furthermore, there is no evidence of genetic crossover between the FCR3 and 
Camp EBA-175 genes to date. 

1.7.2 Antigenic Variation 

Additional antigenic differences arise as a result of antigenic variation. in 
malaria and some other parasitic protozoa, antigenic variation is a strategy for immune 
evasion which contributes to the chronicity of infection (Biggs et aL, 1992). African 
trypanosomes (sleeping sickness), and Neisseria gonorhoeae (gonorrhea) are 
examples of parasites which augment variability by replacing the antigens exposed to 
the host immune system (reviewed in Borst et al., 1995). 

Antigenic variation in plasmodia was first demonstrated by Brown and Brown 
(1965), who showed that infection in monkeys with P. knowlesi produced an antigen 
on the surface of infected red blood cells which was immunologically variable. P. 
chabaudi, a rodent malaria (Brannan et al., 1994) as well as P. fragile (Handunnetti et 
al., 1987) and P. falciparum (Biggs et al., 1991) also demonstrate antigenic variation 
in their asexual erythrocytic forms. 

In P. falciparum, the variant antigens are large proteins of 200-300 kDa in 
size, which are known as P. falciparum erythrocyte membrane protein I (PIEMP 1) 
(Leech et al., 1984). Accessibility to lactoperoxidase-catalyzed surface radioionation 
as well as its susceptibility to cleavage by low concentrations of trypsin (Leech et al., 
1984) indicates that PfEMP1 is located on the surface of infected red blood cells, as 
with other variant antigens. Agglutinating antibodies which are present during the 
convalescent phase of infection recognize the protein (Biggs et al., 1992; Kemp et al., 
1996). 

PfEMP1 molecules are secreted by the parasite during asexual development 
and find their way to the surface of the erythrocyte, where they are then concentrated 
into structures called knobs (illustrated in Figure 1.5). Only infected RBCs display 
knobs, and these structures are mainly composed of P. falciparum proteins other than 
PfEMP1 (Berendt et al., 1994), though most of the PIEMP1 secreted is confined to 
these structures. 
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Figure 1.5: Illustration of a P. falciparum-infected erythrocyte showing 
PfEMP-1 antigens and knobs on the surface of the cell 
(adapted from Borst etal., 1995). 
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The parasite lives within the host cell for most of its life cycle. It is puzzling 

I why it would make its presence noticeable when it is initially safely hidden away 
within the erythrocyte. The reason for this is that it provides a mechanism for the 

I parasite to avoid destruction via passage through the spleen. The presence of a 
malarial parasite within the host cell causes changes to the cell which allow the spleen 

I to detect and eliminate the infected erythrocyte. PIEMP 1 is involved in mediating the 
attachment of infected erythrocytes to the endothelial lining of capillaries and venules. 

I This action is termed cytoadherence. Cytoadherence results in the removal of 
parasitized RBCs from the circulation, only infected cells which contain immature 

I parasites will continue to circulate in the bloodstream (reviewed in Borst et al., 1995). 
The presence of these surface proteins on the cell will result in antibody U production by the immune system, but antigenic variation ofPfEMP1 is a strategy 

I 
used by Plasmodium to evade immune response against the infected host cell. Biggs 
et al. (1991) observed that clones of P. falciparum with antigenically variant forms of 

I PfEMP 1 differed in their ability to adhere to endothelial cells, which suggested that 
cytoadherence was influenced by the variation in the antigenic epitopes. 

I PfEMP1 is extremely variable, and antigenic diversity is correlated with 
functional diversity. In vitro studies showed that 2.4% of parasites were changing 

I their surface phenotype each generation (Roberts et al., 1992). A number of 
molecules expressed on endothelial cells have been identified as receptors for 
cytoadherence, these include CD36, vascular cell adhesion molecule 1 (VCAM-1), 
intercellular adhesion molecule 1 (ICAM-1), thrombospondin (TSP) and E-selectin 

I (also known as endothelian leukocyte adhesion molecule I or ELAM-1) (Roberts et 
al., 1985; Barnwell et al., 1989; Berendt et al., 1989; Ockenhouse et al., 1992; 
Borst et al., 1995). Any PfEMP1 variant may adhere to any one or a variety of these 
endothelial receptors. 

I CD36 is an 85-89kDa membrane glycoprotein expressed on the surface of 

I 
platelets, monocyte-macrophages and erythroblasts (Berendt et al., 1990). 
Monoclonal antibodies raised against CD36 have shown that it is present in the 

I 
capillaries and venules of most organs (Knowles et al., 1984). However, there are 
still inconsistencies in many reports as to whether it is expressed on cerebral 

I
endothelium of the brain, especially in healthy people (Aikawa et al., 1988, 1990; 
Bamwell et al., 1989). Panton et al. (1987) demonstrated that cells infected with 

1 
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plasmodium would not bind to C32 melanoma cells when the anti-CD36 monoclonal 

1  antibody, OKM5, was present. This supports Ockenhouse and Chulay (1988) in their 
suggestion that CD36 is a cytoadherence receptor on the surface of C32 melanoma 

I cells. It also appears to be a receptor for thrombospondin (Asch et al., 1987) and 
collagen (Tandon et al., 1989). 

I Thrombospondin is another molecule believed to be a receptor involved in 
cytoadherence of IRBC (Roberts et al., 1985; Miller et al., 1994), it is a 420kDa 

I glycoprotein secreted by many cells to which IRBCs adhere, including endothelium, 
macrophages and melanoma cells (Berendt et al., 1990). Roberts and colleagues 

I (1985) demonstrated its role as a receptor for cytoadherence through the use of the 
purified protein. Though CD36 has been found to be a receptor for thrombospondin, I binding of IRBCs to either receptor are independent events (Sherwood et al., 1990). 

I 
ICAM-1 is a 95-1 12kDa membrane glycoprotein found on lymphocytes, 

adherent monocyte-macrophages, some tumour cell lines and vascular endothelium 

I
(Berendt et al., 1990). The levels of ICAM-1 are upregulated during cerebral malaria 
(Aikawa et al., 1990), there is evidence that increased ICAM- 1 expression and hence 

I
increased binding of IRBCs is brought about by cytokine stimulation (Berendt et al., 
1989). 

I
Difficulties in studying cytoadherence in vivo have led to the development of 

assay methods which involve C32 melanoma cells and human umbilical vein 

I endothelial cells (HUVEC) which express the receptors of interest. CD36 appears to 
be the dominant cytoadherence receptor on melanoma cells (Ockenhouse et al., 

I 1989), whilst ICAM-1 appears to be the major receptor for adherence to FIUVECs 
(Berendt et al., 1989; Ockenhouse et al., 1991 a). Capillary endothelial cells express 

I both ICAM-1 and CD36 on their surface, but the amounts of these receptors vary in 
different organs. 

I Parasites with higher levels of adherence to endothelial cells i.e. those 

I 
expressing the larger molecular weight forms ofPfEMIP1, are at a growth 

in disadvantage the absence of continued selection pressure (Biggs et al., 1992; 

I 
Sherman et al., 1995). 

Results from adhesion assays of IRBCs to melanoma cells and radioligand 
(1251-labelled CD36) binding assays (Ockenhouse et al., 1991a) suggest that the 
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principal endothelial receptor for cytoadherence of P. falciparum infected 

I
erythrocytes is CD36, although adhesion may occur via different receptors in different 
tissues. Several complex factors including local pH, levels of cytokines, blood flow 

I dynamics and rosette formation influence sequestration of P. falciparum - infected 
erythrocytes (Ockenhouse et al., 1991a; Cooke and Coppel, 1995). 

I PfEMP1 (Leech et al., 1984; Howard, 1988), sequestrin (Ockenhouse et al., 
1991), and modified forms of the erythrocyte anion transporter termed band 3 

I (Winograd and Sherman 1989a,b; Crandall and Sherman, 1991, 1994), are the three 
main types of neoantigens which have been found to be involved in cytoadherence. 

I Western blotting, immunoprecipitation, peptide mapping and morphologic 
studies have shown that the infected host cell contains modified forms of band 3 

I which are involved in cytoadherence of P. falciparum infected erythrocytes 
(Winograd and Sherman, 1989a; Berendt et al., 1990; Sherman et al., 1995). I Though it cannot readily explain antigenic diversity of infected red blood cells, or the 

I
presence of a variety of cytoadherence receptors, the band 3 adhesins may be useful in 
future development of anti-sequestering agents. 

I
1.7.2.1 Vargenes 

Genes encoding PfEMP1 are known as var genes (Baruch et al., 1995; Smith 

I
etal., 1995; Su etal., 1995). Baruch etal. (1995) worked on a member of the 
PfEMP1 family which was produced by the MC line of P. falciparum (MC PfEMP1). 

I They produced rabbit antisera to specifically detect PfEMP1 in the knobs of RBCs 
which had been infected with the MC line of P. falciparum, consequently blocking the 

I binding of infected erythrocytes to the endothelial receptors such as CD36 and TSP. 
PfEMP1 was shown to be a member of a large family of related surface proteins 

I which differ in antigenic as well as adhesion properties (Baruch et al., 1995). 

I 
Su et al. (1995) sequenced four of these var genes and were able to describe 

by form the stru cture of proteins endcoded these genes, as some of cellular adhesion 

I 
molecule, with a large and variable extracellular domain which accounts for 80-85% 
of amino acids and the sequence of which varied in different members of the family 
but overall structure was similar. The genes also consisted of a single transmembrane 
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segment, and an intracellular domain with sequences which are conserved between 

I different var loci. 

The high rate of switching between antigenic variants has made the possibility 

I of obtaining parasite populations with only a single var gene negligible, and sequence 
homology among different var genes makes it difficult to design gene-specific probes 

I (Smith et al., 1995). There are some cases in which particular var transcripts were 
unique for a particular clone, implying that any single infected RBC may only express 

I one or a few var genes at a time as a result of the tight control of var gene expression 
to prevent complete immunity (reviewed in Borst et al., 1995). Su and colleagues 

1  (1995) came to the same conclusion after studying the transcription of three var genes 
in different clones of P. falciparum. The differential expression of var genes is 

I believed to be linked to antigenic variation ofPfEMP1 on infected erythrocytes 

I 
(reviewed in Borst et al., 1995). 

There are approximately 50-150 var genes scattered throughout the haploid 

I genome of P. falciparum. Some occur in clusters, but not all are detectable in every 
parasite genotype (Su et al., 1995). Var genes are large and therefore make up a 

I significant proportion of the malaria genome (reviewed in Borst et al., 1995). The 
generation and control of var genotypic and phenotypic diversity may be influenced by 

I their organisation and distribution across the malaria chromosomes and within 
individual chromosomes (reviewed in Kemp et al., 1996). 

I Other adhesion proteins which may have been required for entry of the 
parasite into the erythrocytes may have given rise to the ability ofPfEMP1 proteins to 

I bind to endothelial cell receptors. Var gene products have been observed to be 
related to the Duf1j antigen-binding protein (DABP) of P. vivax and P. knowlesi (Su 
et al., 1995), and to the P. falciparum erythrocyte binding protein EBA- 175 and 
DABP. However, Su et al. (1995) have grouped all proteins encoded by var genes as 

I Duffy binding-like based that they have (DBL) proteins, on evidence may originated 

I 
from a common source, as the eba-] 75 and var gene products both have common 
sequence motifs (reviewed in Borst et al., 1995). 

I 
It has been concluded by a number of studies that the var gene family encodes 

the variant antigen involved in cytoadherence, PfEMP 1, found on the surface of 
infected erythrocytes (Baruch et al., 1995; Smith et al., 1995; Su et al., 1995). 

I 
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1.8 Sequestration in P. falciparum Malaria 

Sequestration refers to the adherence of erythrocytes infected with the mature 
forms of the parasite to endothelial cells which line capillaries and post-capillary 
venules. This can result in obstruction of blood flow to organs and ultimately result in 
cerebral malaria and other organ damage which are not associated with other malarial 
infections (Sherman et al., 1995). Though most P. falciparum infections don't lead to 
severe disease or death, all sequester (Berendt et al., 1990). 

Over 100 years ago Bignami and Bastianelli (1889) observed that attachment 
to capillaries and post-capillary venules removed cells with the mature pigmented 
forms of the parasite from the peripheral circulation. Later, work with electron 
microscopy revealed that this occurred as a result of morphological changes on the 
surface of infected erythrocytes (Trager et al., 1966; Gruenberg et al., 1983; 
Atkinson and Aikawa, 1990). Small knob-like structures of approximately 100nm in 
diameter were visible and appeared to be the points of attachment (Aikawa, 1988), 
and most knob-negative lines are non-cytoadherent (Berendt, 1990). However, knob-
lacking parasite lines have now been identified which bind to C32 melanoma cells via 
CD36 (Biggs et al., 1989, 1990; Udomsangpetch et al., 1989). 

Pongponratn et al. (1991) observed that levels of sequestration varied among 
different organs and suggested this could be due to the distribution of receptors on 
endothelial cells in various tissues. CD36, ICAM-1, thrombospondin, VCAM and E-
selectin are not uniformly distributed. Work done by Aikawa and colleagues (1990) 
and Boehme et al. (1994) suggested that these molecules may play a role in 
sequestration and cerebral malaria. Immunohistocheniistry results further showed that 
CD36, ICAM-1 and VCAM were present and bound to infected erythrocytes in 
patients who had died of cerebral malaria (Turner et al., 1994). 

Roberts et al. (1992) demonstrated that differences in ICAM- 1-binding 
between members of a family of subclones derived from an ICAM- 1-binding parental 
clone, were associated with changes in the PfEMP1 antigen. Work has also been 
conducted on another surface antigen which adhered to C32 melanoma cells (these 
express both CD36 and ICAM-1 receptors), but was not antigenically variant 
(Roberts et al., 1992), Ockenhouse and colleagues (1991 b) named this antigen 
sequestrin. This will be discussed in more detail in section 1.9. 
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1.9 Sequestrin 

Recently, Ockenhouse and colleagues (1991b) identified a non-variant antigen 
on the surface of P. falciparum infected erythrocytes. The team prepared 
monospecific polyclonal anti-idiotype (anti-Id) antibodies to the CD3 6-specific 
monoclonal antibody OKM8, and through immunofluorescence studies found that the 
anti-Id antibodies bound to P. falciparum IRBCs. The antibodies also inhibited 
cytoadherence of infected erythrocytes to melanoma cells. Further, soluble CD36 
inhibited binding of IRBCs to anti-Id antibodies. Using Triton X-100 soluble lysates 
of a knobless parasite line which binds to CD36, they immunoprecipitated a 
radioiodinatable protein of parasite origin, approximately 270kDa in size, which they 
named sequestrin, because of its critical role in sequestration. Sequestrin resembles 
band-3 related adhesins (Winograd and Sherman, 1989b), it also shares some 
properties with PtEMIP-1, such as its sensitivity to low levels of trypsin (indicating it is 
a surface protein) and high molecular weight. However, unlike PfEMP1, it is not 
strain specific, and is soluble in Triton X-100. Sequestrin binds to CD36 and has not 
been shown to vary in molecular size among different parasite lines (Berendt et al. 
1995). 

Sequestrin possesses a binding domain which is structurally conserved among 
cytoadherent laboratory-adapted parasite strains as well as among wild-type isolates, 
and which is not present in non-cytoadherent IRBCs or uninfected RBCs. Its 
sensitivity to proteolytic cleavage is indicative of its being a surface antigen. 

The gene encoding the protein has been cloned and a CD36 binding domain 
identified through expression in E. coil. Only a portion of the gene has been 
sequenced and there is conflicting evidence as to whether or not the sequestrin gene is 
located on chromosome 9. 

Because the antigen is not variable, it is a potential candidate for vaccine 
development, a target for antibodies which may inhibit cytoadherence and parasite 
growth, and further research on its structure and function is necessary for an 
understanding of its involvement in cytoadherence and sequestration. 

This project is based on the sequestrin gene. 
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1. 10 Project Outline 

The evidence that sequestrin is involved in cytoadherence and is not a variable 
antigen, has raised much interest amongst malaria researchers in our laboratory. 
There is limited data available on the molecular biology of sequestrin, and that which 
has been presented is surrounded by uncertainty. 

This project opens up an opportunity to investigate the sequestrin gene and its 
function more thoroughly. It aims to apply molecular techniques to expand on the 
sequence of the gene. As yet, only 2kb of the -6kb gene has been sequenced (refer to 
Appendix D for sequence data). There are also doubts associated with the hypothesis 
of the gene being located on chromosome 9 of the parasite (Ockenhouse, personal 
communication). The biological phenotype of the gene i.e. its ability to cytoadhere, is 
of great interest, as it is an observable characteristic and any modifications which 
affect it can be monitored. 

In order to proceed logically with the project, the following questions have 
been addressed: 

• On which of the parasite's chromosomes is the sequestrin gene located? 
• Does the gene exhibit polymorphisms as with other malarial genes encoding 

antigens? 

• Can the biological phenotype of the gene be studied? 
• Will a gene knockout of the sequestrin gene delete cytoadherence? 
• As well, an attempt has been made to extend the region of known 

sequence. 

Several methods have been applied in an attempt to arrive at answers to these 
questions. These include a wide range of polymerase chain reactions, cloning 
methods, transfections and Southern and Northern transfers. 

Answering the proposed questions will provide a better understanding of the 
role of sequestrin in cytoadherence, and an indication for future directions which may 
hasten the progress of malaria research on vaccine development. 
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CHAPTER 2. MATERIALS AND METHODS 

I 
Several methods have been employed throughout the project which have 

required the use of various reagents and kits supplied by several companies. The 

I details of companies mentioned have been compiled in Appendix A and contents of 

I 
complex reagents have been listed in Appendix B. 

I 
2.1 Restriction enzyme digests 

Restriction enzyme digests were carried out on genomic DNA contained in gel I blocks (refer to section 2.10.1) and fragments derived from the polymerase chain 
reaction (PCR). Throughout the course of the project, restriction enzyme digests I were applied only to DNA from the 3D7 clone of P. falciparum (refer to Table 2.3), 

I
unless stated otherwise. Several restriction enzymes were used and conditions of 
digests varied; as detailed in Table 2.1 for more information. 

2.1.1 Restriction enzyme digests of genomic DNA 

I 
A gel block containing 3D7 DNA was placed in 45m1 of TE buffer and 

I
allowed to equilibrate overnight at room temperature with gentle rocking. A small 
portion of the gel block (-20.tl) was removed and added to a clean eppendorf tube 
containing 2001i1 of the appropriate digestion buffer, equilibrated for 30 mins at room 
temperature before the buffer was carefully removed and replaced with 80tl of fresh 

I buffer. Ten units of the appropriate restriction enzyme was added (total volume 
-100.tl) and incubated at 37°C for at least 2hrs for a complete digest and varying I times for digests. The heat inactivated for further 20-30 partial enzyme was a mins at 
the recommended temperature and the product stored at 4°C. 

I 
I 
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2.1.2 Restriction enzyme digests of Polymerase Chain Reaction (PCR) 
fragments and plasmid DNA 

Amplified DNA fragments from PCRs were precipitated with isopropanol and 
resuspended in lOjil TE (refer to section 2.4.3), 90j.il of the appropriate digestion 
buffer was added, followed by 10 units of the required enzyme. The sample was 
incubated at 37°C for at least 2hrs for a complete digest, and the enzyme was heat 
inactivated at the recommended temperature for a further 10-3 0 mins before storage 
at 4°C. 

Plasmid DNA was also digested in a similar maimer following purification via 
a Megaprep Kit (QIAGEN) or a Flexiprep Kit (Pharmacia Biotech). Between 200ng 
and ljig was digested and a final digestion volume of 201.11 or 30ji1 was used. 

Digests were monitored by subjecting a small volume to electrophoresis on a 
1% agarose (Molecular Biology Grade, Promega) gel in the presence of 0.5 jig/ml 
ethidium bromide, afier the addition of 1 j.il of loading dye to the sample. A 1 jig 
aliquot of XDNAIHindIII (Promega) or pBR322 DNAJHinfl marker was included in 
each gel run to enable an estimation of the size of digest products. The DNA was 
visualized on an ultraviolet transilluminator (X365, Ultra-Lum) and photographed on 
polaroid film (Novex Australia). 

2.2 DNA ligations 

Ligations were usually performed on products of restriction enzyme digests, in 
a volume of 20jil, at 4°C, overnight. The ligation mix consisted of DNA, 1XOPA 
(One-Phor-All Buffer PLUS, lx concentration, Pharmacia Biotech), 1mM DTT, T4 
DNA ligase (1 Weiss Unit, Pharmacia Biotech), and 0. 1mM ATP for blunt end 
ligations, or 1mM ATP for cohesive end ligations, and sterile Milli-Q water. 
Ligations between DNA fragments and cut vectors required a 10:1 ratio of 
vector:insert, it was necessary to phophatase the vector (refer to section 2.6.2) and 
kinase the insert (refer to section 2.6.1) before overnight ligations were carried out. 
Some ligations were performed overnight, cycling between 14°C for lhr and 30°C for 

22 



I 5mins for 14-1 6hrs in a Corbett FTS-320 Thermal Sequencer (Corbett) in the 
presence of 5 units of restriction enzyme to minimize vector religation. 

The ligations were followed by heat inactivation of the ligase at 65°C for 
lOmins, and products were stored at 4°C prior to transformations (refer to section 
2.6.3). 

2.3 Polymerase Chain Reaction (PCR) 

Amplification of DNA segments within the 2kb known sequence of sequestrin 
was carried out with oligonucleotide primers of 18-20bp in length (Beckman, refer to 
Table 2.1 and Figure 2.1) which are specific for the sequestrin sequence. Each 
reaction consisted of ljil of the appropriate DNA template, 1XPCR buffer, 2pmollj.tl 
forward primer, 2pmolIiI reverse primer, 0.2mM dNTPs, 0. lunits Taq DNA 
Polymerase (Bresatec Ltd.) and 17jil of sterile Milli-Q water. A bead of sterile liquid 
parrafin was added to the surface of the tube contents. The PCR tubes were placed in 
a Corbett FTS-320 Thermal Sequencer and subjected to 94°C for 1 mm, followed by 
30 cycles of denaturation at 94°C for 20 secs, annealing at 50°C for 10 secs, and 
extension at 60°C for 2 mins, with a 4°C incubation at the end of the run. Lower 
annealing and extension temperatures are essential for obtaining satisfactory products 
as malaria DNA is extremely AT-rich and standard annealing and extension 
temperatures may cause denaturation of the DNA (Su etal., 1996). 

For blunt end cloning, PCRs were performed with a Phi cloned polymerase 
(Stratagene)IBTQ-1 Taq DNA polymerase (1:15) enzyme mix (0. lulrxn), and PC2 
buffer to replace the Taq enzyme and 1OXPCR Buffer. Pfu cloned polymerase is a 
high fidelity enzyme with a 3' to 5' exonuclease activity which removes any base 
overhangs left behind by the Taq enzyme, producing blunt ended PCR products. 

PCR products were analyzed by gel electrophoresis as in 2.1.2. 
PCR products were sometimes further purified by direct isopropanol 

precipitation (refer to section 2.4.3) or individual fragments were cut out from the gel 
following electrophoresis, and gel purified with a Bandpure DNA Purification Kit 
(Progen Industries Ltd., refer to section 2.4.1). 
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Table 2.1: Oligonucleotide primers of sequestrin and vectors used in this study (refer to Figure 2.1 for locations of sequestrin primers). 

Oligonudeotide Base Sequence Position (5) Identity 
Primer ::......................... .. 

..... .. . 

Lubb1e FUR Uligos 
PB1 CTC TCC CTT CTC GAA TCG TAA CCG 11TG TCC TCT CCT T -- BPCR 
PB2 GAT CAA GGA GAG GAC TAA GGA ACG GAC GAG AGA AGQ GAG AG -- BPCR 
PB2a AAT TAA GGA GAG GAC TAA GGA ACG GAC GAG AGA AGQ GAG AG -- BPCR 
PB3 Cr1 CTC GAA TCG TAA CCG TT -- BPCR 

eciuestrzn J-'rimers 
PB135* CTC ACA TAT TAG ATG AAT CG 232 SEQ, PR 
PB136 CAT ACT TAT AAT TGC ATC T 650 SEQ, PR 
PB137* AGA AGC AAG GTA TGA AAT C 1214 SEQ, PR 
PB138 TCC AAC ACT TI'T TAT ATC TC 1787 SEQ, PR 
PB151 CGA TFC ATC TAA TAT GTG AG 251 BPCR, IPCR 
PB152* GAG ATA TAA ACA ATG TGG GCG 1930 BPCR IPCR 
PB 155 ACT TGT ATT TGT ATT TGC AC 191 BPCR, IPCR, SEQ 
PB 156* GAA CAT ATA GAC GAA GCG G 1983 BPCR, IPCR SEQ 
PB159* CGO GAG AGCATG ATA ATC C 9 SEQ 
PB16O GQQ GAT TTC ATA CCTTGC 1235 SEQ, PR 
PB161* CAA GTA GAT GTT GTC AGG 1420 SEQ, PR 
PB 162 CCG CTF CGT CTA TAT GTT C 2001 SEQ, 
PB 163 GGA TFA TCA TGC TCT CCC G 27 SEQ 
PB164* GGA TGATAG AAT CAA GGG 2150 SEQ 
PB165 CCC TTG ATT CTA TCA TCC 2167 SEQ 
PB166* GAG ATG CAA TYF ATA GTATG 631 SEQ,PR 
P13167* CGA AlT ATA TAG AGT ATA CC 929 SEQ 



Vector Primers Vrtrr 
T3 ATTAAC CCT CAC TAAAG -- pBS.KSII, p123T 
T7 AAT ACG ACT CAC TAT AG -- pBS.KSII, p123T, 

pAC4 
LAV-2 GQA AAC AGC TAT GAC CAT GAT TAC GCC AAG C -- pAC4 
Xgt1OF AGC AAG TFC AGC CTG GTT AAG -- XgtlO 
Xgt1OR CTT ATGAGT ATF TCT TCC AGQ GTA -- ?gt1O 

Note: * = Oligonucleotide primers in forward (5'-3') orientation 

BPCR = Bubble PCR 
IPCR = Inverse PCR 
SEQ = Primers used in sequencing reactions 
PR = Primers used in making probes 



PB159 PB135 PB166 PB167 PB137 PB161 PB152 PB156 PB164 
- - ~ - 

4- 
PB163 PB155 PB151 PB136 PB16O PB138 PB162 PB165 

1-1 
lOObp 

R New sequence 9  Known sequence 

Figure 2.1: Diagram showing the location of primers on sequestrin (including new sequence). Refer to Table 2.1 for primer 
identities. 



I
2.3.1 Bubble PCR 

I 
In addition to the standard PCR method, bubble PCR was also applied to 

I fragments of sequestrin DNA. Bubble PCR enables the amplification of a segment of 
DNA outside the region of known sequence (Riley et al., 1990), illustrated in Figure 

I 2.2. Restriction enzyme digests were first performed on gel blocks of 3D7 DNA with 
Apol, Sau3AI, EcoRJ or BamHI. The products were ligated to Apol and Sau3AI 

I bubble linkers (lpmollp.l). Bubble linkers were constructed by annealing a pair of 
oligonucleotide primers designed so that a mismatch of 1 5bp occurs at the centre of 

I the strand, giving rise to a "bubble". The 3' end of the bubble linker has a compatible 
overhang to the restriction enzyme to be used which allows it to anneal to the DNA I digest product. The Apol bubble linker was formed by annealing oligonucleotides 

I 
PB1 and P132a (200pmol/pJ of each; refer to Table 2.1) in 1XOPA to a final 
concentration of lopmol4tl in a sterile eppendorf tube. The contents were heated at 

I 85°C for 5mins and cooled slowly to 37°C. The Sau3AI bubble was formed by 
annealing PB1 and PB2 (refer to Table 2.1) oligonucleotide primers. 

I After 3D7 DNA digestion products had been ligated to the appropriate bubble 
linker, 2.5j.il of the ligation product was used for a PCR template. Primers specific to 

I sequestrin were designed to amplify sequences upstream and downstream of the 
known sequence. 

I In the First round PCR, oligonucleotides used were (refer to Table 2.1): 
- upstream of the known sequence using primers PB 151 from sequestrin and 

I P133 from the bubble 

- downstream of the known sequence using primers PB 152 from sequestrin 
I and P133 from bubble. the 

I 
PCR conditions were altered to 94°C for 1 mm (one cycle), and 30 cycles of 

denaturation at 94°C for 20 secs, annealing at 45°C for 10 secs, and extension at 60°C 

I for only 30 secs, followed by a 4°C incubation for 1mm. 

PCR products were diluted by a factor of 1000 with Milli-Q water and 1 il of 

I the diluted DNA was used as a template for the second round PCR, using 
oligonucleotide primers further upstream than PB 151 and further downstream than 

I PB 152 which had been designed to give 'nested' products to ensure specificity. 

1 
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Figure 2.2: Outline of Bubble PCR performed on sequestrin 
following a Sau3M digest. 
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PB 151-PB3 templates were PCR amplified with PB 155 from sequestrin and PB3 from 
the bubble, while PB 1 52-PB3 templates were PCR amplified with PB 156 from 
sequestrin and PB3 from the bubble (refer to Fig. 2.2 for diagramatic representation of 
primer locations). 

A portion of the nested PCR products were run out on a 0.8% agarose gel to 
determine the size of any fragments produced. The remainder of the PCR products 
were isopropanol precipitated, resuspended in 20p1 of TE buffer and stored at 4°C 
until required for sequencing. 

I 2.3.2 Inverse PCR 

Inverse PCR (IPCR) is another technique which enables the amplification of 

I 
DNA which lie outside the boundaries of known sequences. It involves the inversion 
of the sequence of interest by circularisation and re-opening at a different site (Triglia 

I etal., 1988). 

3D7 DNA was first digested with the restriction enzymes EcoRI, Barn HI , Asel 
or Pacl in a 2001.11 volume. Each digest was divided into four and ligated at 4°C for 
either 15 mins, 30 mins, 2 hrs or overnight, in a 501.11 volume to enhance self-ligation. 

I PCR was applied to each ligation with PB 151 (upstream of known sequence) 
and PB 152 (downstream of known sequence; refer to Figure 2.3) using the following 

I PCR conditions: 94°C for 1 min created a nick in the DNA within the region of 
known sequence, this was followed by 30 cycles of denaturation at 94°C for 20 secs, 

I primer annealing at 50°C for 10 secs and sequence extension 60°C for 3 mins, then a 
4°C incubation. Nested IPCR was attempted on 11.11  of a 1:500 dilution of the first 

I round IPCR products, with oligonucleotides 'internal' to the first set of primers 
(PB 155 upstream and PB 156 downstream of the known sequestrin sequence; refer to 

I Figure 2.3). 

I 
The bands were excised from a 1% agarose gel and the DNA purified using a 

Bandpure Kit (Progen Industries Ltd.). Alternatively, direct isopropanol precipitation 

I 
of nested PCR products and resuspension in 201.11 TE was also carried out. Purified 
IPCR products were stored at 4°C until required. 

I 
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Figure 2.3: Diagram illustrating the Inverse PCR procedure on 
sequestrin digestion products. I 
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2.4 DNA precipitation and purification 

Four methods were used to purify and concentrate DNA from PCRs, these 
being band purification, electroelution, isopropanol precipitation and ethanol 
precipitation. 

2.4.1 Band purification 

Band purification was performed on PCR DNA fragments which had been 
excised from agarose gels, using a Bandpure Kit (Progen Industries Ltd.), as 
described by the manufacturer, except incubation temperatures were kept at 50°C 
instead of the suggested 55°C. 

2.4.2 Recovery of DNA from agarose gels by electroelution 

Electroelution is a relatively simple procedure, requiring minimal handling of 
DNA. It was used as an alternative method to band purification (refer to section 2.4.1 
above) for DNA to be used in cycle sequencing to try and minimize artifact banding. 
The method applied was adapted from Maniatis et al. (1982), with minor 
modifications. The buffer used was lx TAE, and elution of the DNA was performed 
for 30 mins before the polarity of the current was reversed for a fi.irther 15 secs to 
release the DNA from the wall of the dialysis bag. 

The ethidium bromide was extracted from the DNA with salt-saturated n-
butanol (Maniatis et al., 1982). The ethidium bromide-free DNA was concentrated by 
ethanol precipitation (refer to section 2.4.4). 

2.4.3 Isopropanol precipitation 

Isopropanol precipitation was directly applied to PCR products. All steps 
were performed at room temperature to minimize coprecipitation of salt. DNA was 
precipitated with an equal volume of isopropanol, spun, then washed with absolute 
ethanol. The pellet was resuspended in an appropriate volume of sterile Milli-Q water 
and stored at 4°C until required. 
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2.4.4 Ethanol precipitation 

DNA was precipitated overnight at -20°C or for 30 mins in dry ice with 0.1 
volumes of 3M sodium acetate and 2.2 volumes of pre-chilled (-20°C) 100% ethanol 
and the pellet resuspended in an appropriate volume of sterile Milli-Q water. A small 
volume was subjected to agarose gel electrophoresis to determine the quality and 
quantity of the product. 

2.5 Sequencing 

Two types of cycle sequencing reactions have been applied. The first was 
used on purified PCR products (including bubble PCR and IPCR). It is a method in 
which a single oligonucleotide primer which had been used in the amplification of the 
DNA of interest was end-labelled with y-33P dATP. Cycle sequencing, consisting of 
repeated cycles of the Sanger-Coulson Method of chain termination (Sanger etal., 

1977), was performed with the aid of an AmpliCycle Sequencing Kit (Perkin Elmer). 
The method followed was as per the manufacturer's instructions. PCR conditions 
were the same as that used to derive the DNA template applied in the sequencing 
reactions. 

The second method was applied to DNA fragments which had been cloned 
into a vector, pBluescriptll.KS (Stratagene) or p123T (Mitchell etal., 1992), and 
required the use of a T7 Sequencing Kit (Pharmacia Biotech), including a T7 DNA 
Polymerase enzyme and a single oligonucleotide primer derived from the vector, 
either T3 or T7. The cycle sequencing reaction involved incorporation of a-35S 
dATP. The method was performed according to manufacturer's instructions. 

Cycle sequencing reaction products were electrophoresed on a 6% denaturing 
polyacryamide gel as described by Maniatis etal. (1982) and the sequence 
determined from the X-ray film. 
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2.6 Plasmid Cloning 

A considerable amount of cloning was involved in the project. Various 
vectors have been used, such as pBluescriptll.KS, p123T, Xgtlo (Promega) and 
pAC4 (supplied by Alan Cowman, Crabb and Cowman, 1996; Figure 2.4). The 
general steps in plasmid cloning which have been applied are described below. 

2.6.1 Synthesis of DNA insert 

DNA fragments to be cloned into vectors were synthesized mainly by PCR, 
bubble PCR products were most extensively applied in this project. The ends of the 
PCR product were polished by the addition of 3 units of T4 DNA Polymerase 
(Pharmacia Biotech) with 0.2mM dNTPs and incubation at 37°C for 1 hr at the 
completion of which, the enzyme was inactivated by heating at 75°C for 10 mins. T4 
DNA polymerase has 5'—*3' synthesis activity and fills in 5' overhangs, as well as 
removing any 3' overhangs by its 3'—+5' exonuclease activity. The blunt-end product 
was subjected to agarose gel electrophoresis to isolate the PCR fragment from other 
molecules present and the band excised from the gel and band purified. 

The purified DNA was then kinased in 1XOPA, 1mM ATP, 3 units of T4 
polynucleotide kinase (T4 PNK) and Milli-Q water, to a final volume of25j.tl. The 
reaction mix was incubated at 37°C for 10 mins, after which the enzyme was heat 
inactivated at 85°C for 20 mins and stored at 4°C until required for ligations. 

2.6.2 Preparation of cloning vector 

Approximately lj.tg circularized plasmid was digested with 50 units of an 
appropriate restriction enzyme, EcoRV for a blunt-end linearized plasmid, or EcoR1 
for a cohesive-end linearized plasmid, in 2XOPA and a final volume of 1001.11. 
Following incubation at 37°C, 5.tl of the linearized plasmid was subjected to gel 
electrophoresis on a 1% agarose gel, to ensure that the digest was complete, as 
indicated by a single visible band. 

The linearized vector was then phosphatased at 37°C for 2 hrs in a 200i.tl final 
volume after the addition of 4.2 units of calf intestinal alkaline phosphatase (ClAP) 
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Figure 2.4: Structural map of pAC4 (Cowman et al., unpublished data). 



(Pharmacia Biotech). Following incubation, the enzyme was inactivated at 85°C for 
15mins. 

The phosphatased vector was extracted with an equal volume of TE-saturated 
phenol, then with an equal volume of a phenol/chloroform solution and finally with 
chloroform alone. The linearized plasmid was precipitated with ethanol, and its 
concentration calculated from absorbances measured at 260nm on a GeneQuant II 
spectrophotometer (Pharmacia Biotech). 

I Ligation of the kinased DNA insert to the phophatased vector was carried out 
overnight at 4°C and the enzyme heat inactivated at 65°C for 10 mins prior to 

I transformations. 

2.6.3 Transformations 

Transformations were performed with DH5a (refer to Appendix C) and 

I PMC 103 (refer to Appendix C) strains of E. co/i. A RbC12  transformation protocol, 
adapted from Maniatis etal., (1982 ) was used, with minor modifications. 

i) Preparing Competent Cells 

I 
The appropriate cells were grown in 1 Oml overnight cultures of 2XYT broth in 

a 50m1 sterile falcon tube in an incubator at 37°C with shaking. Two hundred 
microlitres of the overnight culture was inoculated into 40 ml of fresh 2XYT broth in 
a conical flask and grown in a 37°C shaker for approximately 3 hrs, to an OD 
measurement of 0.45-0.55 (?,,= 600nm), the log phase of the cells' growth cycle, 

I when they are most viable. Absorbance readings were made with a CIBA-Corning 

I 
Calorimeter 254 (FSE). 

When cells were in the log phase, they were immediately removed from the 

I 
shaker and cooled on ice for 10 mins. They were transferred to a sterile 50 ml falcon 
tube and pelleted by spinning at 1810 x g for 10 mins at 4°C in a Beckman GS-6R 

I tabletop centriftige. The supernatant was discarded and the tube inverted to remove 
any excess broth. The tube was kept on ice while the pellet was resuspended in cold 

I 1/3 volume of TFB and left on ice for a further 10 mins. The cells were re-pelleted, 
and resuspended in 1/12.5 volume of TFB and dimethylsulfoxide (DMSO) (room 

I 
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temperature) to 3.5% final volume. The tube was cooled on ice for 5 mins before the 

U addition of DTT to a final concentration of 75mM. The solution was mixed gently 
and left on ice for 10 mins. An equal volume of DMSO was added and the cells 

I incubated on ice for a further 5 mins. 

ii) Transformation of recombinant plasmids into Rb Cl2  competent cells 

I Two hundred microlitre aliquots of competent cells were distributed into 
labelled, sterile eppendorf tubes, 5-10ng of recombinant plasmid (-5il) added and 

I incubated on ice for 30 mins to 1 hr. The cells were then subjected to heat-shocking 
at 42°C for 90 secs and immediately cooled on ice for 2 mins. Addition of 800pl  of I SOC followed, and cells were incubated at 37°C for 30 mins to 1 hr. 

I 
The products of the transformation were plated out onto plates containing 

selective media: 2xYT + XIA (X-gal, IPTG, and ampicillin) plates for p1231 and 

I
pBluescriptll.KS clones, 2xYT + Amp plates for pAC4 clones, under sterile 
conditions, and incubated at 37°C overnight. 

2.6.4 Analysis and identification of clones. 

I 
Blue-white selection was used to select clones grown on XIA plates, all white 

I colonies containing the plasmid with the insert were screened, along with a few blue 
colonies to account for any 'hidden' positives, where the presence of an insert may 

I not have caused the frameshifi required to disrupt the lacZ gene. Recombinant 
plasmids transformed into PMC 103 cells were grown on LB plates and no blue-white 
selection was present. In this case, colonies for screening were selected at random. 

Selected colonies were re-streaked onto fresh plates with a sterile toothpick. 
I The toothpick in 200i.tl Milli-Q in same was rinsed of water a sterile eppendorf tube 

I 
for making PCR templates. The cells were boiled for 10 mins and spun for 2 mins at 
14 000 x g in a microcentrifuge and stored at 4°C. One microlitre of the supernatant 

I 
was used for screening the plasmid by PCR. Clones were amplified by PCR with 
primers from the vector which flank the DNA insert e.g. T3 and T7 for p1231 or 
pBluescriptll.KS clones. 

I 
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Plasmid preps were performed on the positive clones to recover higher 

I
concentrations of the product for further manipulation. This was carried out with the 
aid of a Flexiprep Kit (Pharmacia Biotech), or a Megaprep Kit (QIAGEN) according 

I to the manufacturers' instructions. Both methods consisted of alkaline cell lysis 
procedures with RNAse A treatment and isopropanol precipitation. Restriction 

I enzyme digests were performed on plasmid preps to isolate the insert from the 
plasmid. Products were subjected to agarose gel electrophoresis to determine 

I whether or not the correct insert was present and if the necessary product had been 
obtained. 

2.7 Construction of a gtl0 Library 

The aim of constructing a ?gt 10 library was to recover a suitably large 
fragment of the sequestrin gene cloned into the Xgtlo vector which could then be 
used to rapidly and efficiently extend known sequence. 

In order to construct the library, individual restriction enzyme digests were 
first performed on genomic 3D7 DNA, with Asel, Dral, Pacl and Sspl in a final 
volume of lOOp 1. Half of each digest was loaded into a 0.8 % agarose gel and each 
well was topped with 1% low melting point agarose (FMC BioProducts) alongside a 
marker. The samples were subjected to gel electrophoresis followed by Southern 
Blotting (refer to section 2.8). 

The filter was probed with a random primed radiolabelled P13135-136 
sequestrin PCR product (refer to section 2.5; Table 2.1; Figure 2.1). 

A -P3kb fragment was recovered from the Asel restriction digest was 
identified, which was a suitable size for cloning. A ?gt10 library of the 3D7/Asel 
digest was prepared. 

Asel digested genomic 3D7 DNA was ligated to EcoRI adaptors (l0j.tmollp.l, 
Beckman) in 1mM DTT, 1mM ATP, T4 DNA ligase and 1XOPA, at 4°C for 2 hrs, 
and run out on a 1% agarose gel. A portion of the gel between 2-4kb was excised, 
bandpured, kinased and ligated to Agt10 arms (0.5ig of left and right arms, Beckman) 
overnight at 4°C. 

31 



The library was packaged using a Packaging mix (Packagene System 1 extract, 
Promega) in a 5:1 ratio of packaging mix:DNA. The reaction was left at room 
temperature for 1 hr before the addition of 1 ml of filter sterilized SM buffer. The 
packaged library was ready for addition to C600HFL cells (refer to Appendix C). 

2.7.1 Preparation of C6001-IFL cells 

I C600HFL cells were cultured overnight in 20 ml of 2XYT medium containing 
400M1 of 10% maltose (filter sterilized) at 37°C with constant shaking. Overnight 

I cultures were centrifuged at 1810 x g for 10 mins at 4°C in a Beckman GS-6R 
centrifuge to pellet the cells. The supernatant was removed and the pellet I resuspended in l0ml of 10mM MgSO4. The cells were pelleted once again and 

I resuspended in 7.5m1 of 10mM MgSO4 after the supernatant was removed. 
Five hundred microlitres of the cells were added to 150ji1 aliquots of packaged ' library and incubated at 37°C for 15 mins to allow for adsorption of phage particles 

onto cells. Approximately 9m1 of molten top agarose was added, the solution mixed 
by inversion and poured over pre-warmed LB plates then incubated at 42°C 
overnight. 

I 
2.7.2 Nitrocellulose membrane lifts 

I 
Plates containing plaques were cooled for approximately 20 mins at 4°C 

I before duplicate nitrocellulose membrane lifts were taken. Filters were marked 
asymmetrically with Indian ink. The membranes were washed in denaturing solution 
for I mm, neutralising solution for 1 mm, air dried for 1 hr then baked in an 80°C 
vacuum oven for 11/2  hrs. Filters were cooled and screened with a sequestrin probe 

I (refer to 2.9 for hybridization section method). 

I 
Plaques which hybridized with the sequestrin probe were picked from the plate 

and left to dialyze in 1 ml SM buffer for approximately 7 hrs and PCR amplified with 

I
oligonucleotide vector primers Xgt10F and ?gt10R (Beckman) from the vector to 
check for the presence of any insert. Dilutions of 102, 10 and 10 were also made 

I
with Milli-Q water. A 10il volume of the diluted phage was once again adsorbed 
onto 80jtl of C600HFL cells in a total volume of 3.5ml and re-plated onto LB plates. 
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Nitrocellulose membrane lifts were carried out and filters were screened with a 

I
sequestrin probe to confirm positives. 

I 2.8 Blotting experiments 

Two types of blots were used in the course of the project. Southern Blotting 
was applied to chromosomal DNA digests to determine suitable fragment sizes for 

I cloning, and for PFGE analysis ofF. falciparum isolates. A Northern Blot was 
prepared using RNA from three P. falciparum clones to investigate the nature of 

I sequestrin and its possible role in transcription. 

2.8.1 Southern Transfer 

This method has been adapted from Maniatis et al. (1982), with minor 

I 
modifications. A dry Southern Blot was prepared, where a similar set-up to that 
described was used, but there was no wick involved. Following transfer to a Hybond 

I
N+ nylon membrane (Amersham), cross-linking of the DNA to the filter was achieved 
by a 2 min exposure to short-wave UV light (X302, Ultra-Lum). 

I 
2.8.2 Northern Transfer 

I 
i) RNA isolation by the Guanidinium Thiocyanate method 

I 
The method described below has been adapted from Chomczynski and Sacchi 

I (1987), with modifications. 

A 50m1 culture of parasites containing between 10 and 15% parasitemia was 
I spun 450 for 5 20°C. A RNA healthy at x g mins at good yield requires a culture, 

I 
mainly consisting of trophozoites. 

The medium was aspirated and the pellet resuspended in 1.5 volumes of 

I 
0.15% saponin in RPMII-Hepes. The suspension was placed on ice for 3 0-45 sees, 
then spun at 1580 x g for 5 mins at 4°C to pellet parasites. The pellet was 

I
resuspended in 1001i1 of Solution D and mixed well, followed by l0j.tl of 0.2M 
sodium-acetate (pH 4.0), and lOOpi phenol (water saturated). The suspension was 
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mixed well by inversion after each addition. A 40j.il volume of chloroform:isoamyl 

I
alcohol (49:1) solution was added, followed by vigorous shaking for 10 secs. The 
solution was incubated on ice for 15 mins before spinning at 8940 x g for 20 mins at 

I 4°C. The aqueous phase was transferred to a fresh tube. Any RNA present would be 
collected in this phase, while DNA remained in the phenol phase. 

A 100ii1 volume of isopropanol was added to the aqueous phase, and the 
mixture incubated at -20°C for at least 1 hr before spinning for 20 mins at 8940 x g 

I and 4°C. The resulting RNA pellet was then resuspended in 30j.tl of Solution D, and 
an equal volume of isopropanol added, followed by incubation at -20°C for at least 1 

1  hr before a second spin at 8940 x g for 20 mins at 4°C. The RNA pellet was then 
washed in 70% ethanol, air dried and dissolved in 30j.tl of sterile DEPC treated Milli- 

I Q water. 

ii) Northern Blot 

RNA was electrophoresed on 1% agarose gels containing formaldehyde as 

I
described by Maniatis el al. (1982), and transferred to a Hybond N+ nylon membrane 
according to the manufacturer's instructions. 

I 
2.9 Generating sequestrin probe ____ 

I 
Sequestrin probes were prepared using a GigaPrimer Kit (Bresatec), which 

utilizes random hexanucleotide primers and incorporation of a-32P dATP, according 
to the manufacturer's instructions. 

I Prior to probing, filters were prehybridized in a solution containing 6x SSC, 
0.5% SDS, 5x Denhardt's solution and 100 jig/mi of Herring Sperm DNA (previously 

I boiled 95°C for 5 for least 2 hrs in at mins), at a 65°C hybridization incubator 

I 
(Robbins Scientific Model 400, Bresatec). Labelled probe was added to the 
prehybridization solution and filters incubated overnight at 65°C. 

I 
After hybridizing overnight, the probe was removed and stored at -20°C for a 

maximum of 2 weeks, filters were washed twice with a solution containing 2x SSC 

I
and 1% SDS for 15-20 mins at 65°C. Filters were then sealed in plastic and exposed 
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to X-ray film (Kodak X-OMAT) for 2-3 hrs before developing using an AGFA Curix 

I 60 developer. 

I 2.10 Pulsed Field Gel Electrophoresis of parasite isolates 

I 2.10.1 Preparation of parasite DNA embedded in agarose blocks 

A 20m1 culture of 8% parasitemia 3D7 (Walliker et al., 1987), was harvested. 
Cells were spun at 450 x g for 5 mins in a Beckman centriftige to pellet red blood 

I cells. The supernatant was discarded and the red blood cell pellet resuspended in a 
1.5x pellet volume of 0.15% saponin in RPMI-Hepes and incubated on ice for 5 mins. 

I The solution was spun at 8940 x g for 5 mins to pellet parasites, and the 
supernatant removed. The pellet was resuspended in an equal volume of 2% agarose I with PBS and the suspension pipetted into a block mould and allowed to set at room 

I 
temperature. Once blocks had formed, they were added to Lysis Buffer containing 
2mg/mi of proteinase K, and blocks were incubated at 42°C for two days with daily 

I addition of fresh proteinase K. 

After 2 days, parasite blocks were washed three times with storage buffer 

I containing Tris and a high concentration of EDTA, followed by storage at 4°C until 
required (refer to Table 2.2 for other isolates and references). 

I 
2.10.2 Pulsed Field Gel Electrophoresis 

I 
Only 3D7, B8 and C1O (see Table 2.2) parasite blocks were used in this 

I experiment. 

A thin slice of each of the parasite blocks mentioned above was loaded into 

I separate wells of a 1% Seakem ME agarose gel (FMC BioProducts), alongside a 

I 
XDNA marker (Promega). The wells were plugged with 1% low melting point 

in '/2 agarose prepared x TBE. The gel was electrophoresed under the following 

I 
PFGE conditions: 70 hrs, with 225 sec pulses at 4v/cm (-150mA current) and 106°FA 
at 14°C. 

I The gel was then stained with 2mg/mi ethidium bromide for approximately 10 
mins. The gel was viewed under a UV transilluminator and photographed, then 
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exposed to short-wave UV light for 2 mins to denature the DNA. The gel was soaked 

I in denaturing solution for 45 mins, followed by another 45 mins soak in neutralizing 
solution. 

I Following the treatments, a Southern transfer was performed on the gel (refer 

I 
to 2.8.1) and the filter probed with an a-32P labelled sequestrin probe. 

I 
2.11 Transfection of P. falciparum - 3D7 

2.11.1 Preparation of DNA for transfection 

1.5 kb fragment of the sequestrin gene was PCR amplified with I
A 

oligonucleotide primers PB 135 and PB 138 and a Pfw'BTQ- 1 enzyme mix to give a 

I 
blunt-end product. The product was run out on a 1% agarose gel and the fragment 
excised from the gel and band purified to a final volume of 20ji1. The DNA insert was 

I kinased with lj.tl T4 PNK in a final volume of 30.tI. 

The kinased insert (5i1) was ligated to lOng of pAC4 plasmid which had been 

I linearized by digesting with EcoRV to give a blunt end vector (refer to Figure 2.4). 
The ligation was performed overnight, in a Corbett FTS-320 Thermal Cycler, cycling 

I between 14°C (1 hr) and 30°C (15 mm) with 10 units of EcoRV added, followed by 
heat inactivation of the enzyme and storage at 4°C. Ligation controls were also 

I prepared to test the efficiency of reagents and the method applied. 
Recombinant plasmids were transformed into Rb Cl2  competent PMC 103 cells 

and transformation products were plated out on LB plates containing of ampicillin 
(200.tg/ml). 

I Colonies were selected at random and screened with an a-32P dATP 

I 
sequestrin probe. Twelve clones to which the probe hybridized were selected and 
minipreps prepared (Flexiprep Kit). Miniprep products were digested with both 

I 
Hindlll and BamH1 enzymes to isolate the insert from the vector. Clones containing 
inserts were further PCR amplified with LAV-2 and PB 151 oligonucleotide primers as 

I well as LAV-2 and PB1 52 primers to determine the orientation of the insert. 
One clone containing the insert in either orientation was selected and mega 

I plasmid preps (using a Megaprep Kit) carried out on each. The plasmid DNA was 
further purified by CsCl gradient (Maniatis et al., 1982), to remove any chromosomal 
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DNA which may interfere with transfections. Purified plasmids were stored at 4°C 

I
until required. Concentrations were determined by measuring absorbances at 260nm. 

Approximately 1O0tg of the recombinant plasmid was ethanol precipitated to 

I sterilize the DNA. A second ethanol precipitation was carried out and the DNA 
resuspended in 301il of pre-warmed TE buffer. Pre-warmed cytomix (770il) was 
added to the DNA and mixed gently with a pipette, to give a final volume of 800111. 

I 
All steps were performed under sterile conditions to minimize contamination of DNA. 

2.11 .2 Preparation of parasites for transfection 

30m1 culture of 3D7 parasites with optimal parasitemia of 3% synchronized 
I

A 

rings (to avoid post-transfection gametocyte formation) was spun at 400 x g for 5 
mins. The supernatant (i.e. the medium) was removed with a Pasteur pipette and -2 x 1 10 9  erythrocytes i.e. 200ji1 packed cell volume, was added to the cytomix/DNA 

I preparation. The solutions were mixed gently with a Pasteur pipette. The suspension 
was transferred into a 0.4cm cuvette and electroporated immediately. 

I
2. 11.3 Transfection 

I 
Parasites were electroporated with a Bio-Rad Gene Pulser under E. co/i 

I conditions of 20092, 251iF and 2.5 W. 

Parasites were immediately transferred into a sterile petri dish containing 

I 30m1s of RPMI-Hepes medium and 700-800j.il 0-positive erythrocytes (5% 
haematocrit). Dishes were labelled and placed in a 37°C incubator, in a sealed 
chamber and grown in an atmosphere of 5% CO2, 5% 02 and 90% N2. Cultures of P. 
falciparum were grown according to the method of Trager and Jensen (1976). 

I 
I 
I 
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2.11.4 Maintenance of transfected parasites 

I 
Parasite smears were prepared a day after transfection and the number of 

I parasites counted. If the levels of parasitemia were above 2-3%, the culture was 
diluted. 

I Pyrimethamine was added 48 hrs after transfection to a final concentration of 
0.21.xM, with daily media change. The pyrimethamine concentration was reduced to 

I 0. ijiM after a ftirther 48 hrs. Ten days after transfection, half of the contents of the 

I 
30m1 dish was discarded and the remainder transferred to a lOmi dish. Parasites were 
expected to become visible between days 15 and 23 days post transfection. 

I When the parasitemia of the culture reached 5%, a portion of the transfectants 
were immediately frozen in liquid nitrogen as stabilates and a portion of the 
transfectants were cloned by limiting dilution. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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CHAPTER 3. SEQUENCE AND MAPPING STUDIES ON THE 

I
SEQUESTPJN GENE 

3.1 Introduction 

I 
Sequestrin is a non-variant antigen expressed on the surface of P. falciparum- 

1  infected erythrocytes. It was only recently discovered by Ockenhouse and colleagues 
(personal communication) in the USA and as yet, limited work has been carried out 

I on it. The gene has been estimated from the protein size to be approximately 6kb 
long, and only a 2kb portion of this gene in the 3D7 clone of P. falciparum has been I sequenced. Within the I956bp sequence is a 419bp long CD36 binding domain. 
Sequence identity of this region between five lab-cultured and three wild-type isolates I of P. falciparum has been found to be almost perfect. Sequestrin is not found in P. 

I
vivczx or P. berghei (Schlichtherle et al., 1996). 

Early work (Ockenhouse, personal communication) conducted on the gene 

I
consisted of PCR amplification of sequestrin Yeast Artificial Chromosomes (YACs) 
with chromosome 9 markers. The results suggested that the gene was located on 
chromosome 9. The cytoadherent phenotype of sequestrin supports this suggestion, 
as there is strong evidence that a deletion of the right end of the chromosome 

I eliminates the ability of the parasite to cytoadhere to C32 melanocytes (Corcoran et 
al., 1988). Furthermore, Chaiyaroj et al. (1994) presented evidence that the 

I phenotype of binding to the receptor CD36 maps to chromosome 9. Sequestrin was 
also recognized by soluble CD36 and was isolated with polyclonal anti-idiotype 

I antibodies which mimicked the receptor. Other evidence of the ligand's involvement 
in binding infected cells to endothelial receptors have been discussed in section 1.9 

I This describes the has been done chapter work which this year to map the 

I 
chromosome location of the sequestrin gene. The 2kb sequence of 3D7 was provided 
by Ockenhouse and attempts were made to overcome difficulties commonly 

I 
encountered in cloning and sequencing the AT-rich malaria genome, and to extend the 
sequence from both ends. 

I 

I 
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3.2 Expenmental 

I 
All work was carried out using the 3D7 clone of P. falciparum (unless stated 

I otherwise) so as to enable comparison with results obtained by Ockenhouse and 
colleagues. 

I 
3.2.1 Sequence extension 

I 
Cycle sequencing was used to extend the sequence of the sequestrin gene from 

I both ends of the known 2kb sequence. Several molecular techniques were employed 

I
to generate DNA templates for the sequencing reactions. 

Sequences were obtained from bubble PCR products (refer to 2.3.1) cloned 

I 
into a p123T vector. Clones were screened by PCR with T3 and T7 oligonucleotide 
primers from the vector and those containing the correct insert size were grown 

I overnight and plasmid minipreps prepared prior to sequencing with T3 and T7 
primers. 

I Larger fragments were required for cloning. A Agt1O library was prepared 

I 
with digested 3D7 DNA (refer to section 2.7) based on results from a Southern Blot. 
Filters were hybridized with a sequestrin PCR product amplified with primers PB 135 

I 
and P13136. When several attempts at producing a successful library had failed (i.e. 
no clones were obtained), the method was abandoned. 

I Inverse PCR was a third method used in sequence extension (refer to 2.3.2) 
Fragments obtained were purified (refer to section 2.4) and sequenced by cycle 

I sequencing with 7-33P dATP labelled PB 155 or PB 156 oligonucleotide primers. 

1 3.2.3 Chromosome mapping of the sequestrin gene 

I PFGE was conducted with chromosome blocks of B8, C1O and 3D7 clones of 
P. falciparum (refer to section 2.10). CIO is a noncytoadherent clone while both B8 

I and 3D7 are cytoadherent. The resulting Southern Blot filter was probed with an a- 
32P dATP labelled sequestrin inverse PCR product (amplified with primers PB 155 and 

I 
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PB 156) and re-probed with an ct-32P dA1'P labelled sequestrin PCR product 
(amplified with primers PB 166 and PB 160). 

3D7 and C1O Northern Blots prepared by Dr. Katharine Trenholme were also 
probed with the above mentioned sequestrin fragments to determine whether or not 
the gene is transcribed in the blood stages of the parasite's life cycle. 

PCR was also carried out with sequestrin oligonucleotide primers PB 135 and 
PB 138 on ten isolates or clones of P.falciparum. These primers amplify a 1555bp 
region of sequestrin in 3137. 

3.3 Results 

3.3.1 Sequence extension 

Nested bubble PCR of Apol digested 3D7 DNA produced a fragment at each 
end of the known 2kb fragment, an upstream fragment -230bp and a downstream 
fragment -loobp as shown in Figure 3. 1A. These were used in the earliest attempts 
to extend the sequestrin sequence from each end of the 2kb fragment. 3D7/Sau3AI 
did not generate any PCR products. Hence, it was assumed that the enzyme may have 
cut the gene too frequently. 

Bubble PCR with EcoRI and BamHI digested DNA generated larger 
fragments, both upstream and downstream (refer to Table 3.1, Figure 3. 1B). 

Additional bands were obtained from 3D7/BamH1 bubble PCR products, 
which may have resulted from unspecific annealing of primers. Nevertheless, only 
fragments producing the brighter bands were used in sequencing. 

Although cloning into p123T provided sequences of a higher quality with very 
little cross-banding, if any, on the sequencing gels, it proved to be rather disappointing 
when PCR of a majority of clones with vector primers, failed to identify any insert of 
the expected size. Figure 3.2A shows PCR products derived from cloned bubble PCR 
fragments. An additional 180bp is added to the insert size (listed in Table 3.1) as a 
portion of the vector ends are also amplified. Hence, one would expect the PCR 
product in track ito be -.-410bp. One can therefore make the assumption that the 
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Upstream_of knownsequence  

3D7/EcoRT -230 
3D7/BamHI (Small) -230 

(Large) -520 
Downstream of/mown sequence 
3D7/EcoRI '-220 
3D7/BamHI (Small) '-300 

(Large) -520 



Tracks 
1 2 

bp 

396 

221 

154 

Figure 3.1A: Nested bubble PCR products of Apol digested 3D7 DNA 
I = upstream fragment, 230bp; 
2 = downstream fragment, I OObp. 

Digest 
DI r7/D._1rI 

1 2 M 3 .1 

bp 

1631 

517 

298 

221 

Figure 3.1B: Nested bubble PCR products of EcoRI and BamH[ digested 
3D7 DNA. / and 2= EcoRI upstream and downstream 
fragments, respectively; 3 and 4 = BamHI upstream and 
downstream fragments, respectively; M= pBR322/Hinfl 
marker. 
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bp 

1631 -* 

517 -* 
396—.-r. 

221 -* 

Figure 3.2A: PCR products of cloned bubble PCR fragments from Figure 3.113 
cloned into pl23T and amplified with T3 and T7 oligonucleotide 
primers: I = EcoRI, upstream fragment; 

2-5 = EcoRI, downstream fragment; 
6 = BamHJ, upstream (small) fragment; 
7 = BamH1, downstream (small) fragment; 
8-9 = BamHI, downstream (large) fragment. 
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clone in track I contains the correct sequestrin insert. Products in tracks 2-5 were all 

I of the expected size —.400bp. Similarly with track 6 which was a clone of the 
upstream 3D7/BamHI product. In track 7 a product of at least 480bp was expected 
but PCR results failed to produce this. Tracks 8 and 9 are also false positives as the 
products were expected to be —700bp long. Sequencing was carried out only on 

I clones from tracks 1,3 and 6. 

Many of the clones contained inserts of the wrong size, as illustrated in Figure 

I 3.213 and Figure 3.2C. In Figure 3.213, tracks 1 and 3 (-.410bp), and 4-6, 9 and 13 
(-.400bp) produced PCR products with the expected sizes. In Figure 3.2C only track 

1  14 produced a fragment of the expected size. Most white colonies screened lacked an 
insert. 

I First round IPCR amplification of 3D7 DNA digested and circularized 
products failed to produce any bands when examined on an agarose gel. However, I amplification of the same products with internal sequestrin primers PB 137 and PB 138 

I 
showed that a portion of the gene was present (data not shown). Dilution of first 
round IPCR products and amplification with nested primers, produced the results 

I obtained in Figure 3.3, with 30 min ligations being the most successful. When the first 
round IPCR products were diluted and amplified with nested primers, fragments of 
—.1.6kb were recovered from 3D7/Asel digests ligated for 15mins, 30 mins and 2 hrs 
respectively. Overnight ligation of the digest produced a 520bp nested product, the 

I 1.6kb fragment was selected for sequencing as the size corresponded to the fragment 
obtained on the Southern Blot designed for the Xgtlo library (Figure 3.4) and the 

I sequence confirmed that this was the expected fragment. An IPCR product (-.2.28kb 
in size) was obtained from the 3D7/EcoRI digest after a 30 min ligation and a product 

I of —.700bp was obtained from the 3D7/Pacl digest, also after a 30 min ligation. 
Blunt-end ligation of these products into pBSII.KS/EcoRV failed to produce any 

I clones, despite repeated attempts. 

I
A total of 11 0bp of new sequence upstream and 146bp downstream was 

in determined (Figure 3.5A). Six stop codons were identified the new sequence 

I 
upstream, these were divided into groups of 1, 2 and 3 consecutive stops at positions 
78, 66, and 33bp respectively, upstream of the known sequence. A putative start 

I
codon was also identified 39bp upstream of the known sequence (refer to Figure 
3.513). All codons were in frame with the known sequence. 

1 
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1 2 2 V / () Jo / / J// 3 ! 11 

Clones 

Figure 3.2B: 3D7/EcoRJ bubble PCR products cloned into p123T and 
amplified with primers T3 and T7. 

1-3 = bubble fragments upstream of known sequence; 
4-13 = bubble fragments downstream of known sequence; 
14 = vector control (-1 80bp); M= pBR322/Hinfl marker. 
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Clones 

I 
Figure 3.2C: 3D7/BamHT bubble PCR products cloned into p123T and 

amplified with primers T3 and T7. 
1-4 = upstream (small) bubble fragment; 

P
5 = downstream (small) bubble fragment; 
6 -14 = downstream (large) bubble fragment; 
Af= pBR322/J-Jinfl marker. 
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Restriction Digest 

Ascl Ba,nHI EcoRJ Pad 

M112 34M212 34M212 3 4M112 34 

kb 

2.3.. 
1.631 

0.517 

Figure 3.3: Nested IPCR products from circularised 3D7 digested DNA, 
amplified with primers PB155 and PB156. I = 15 min ligations; 
2 30 min ligations; 3 = 2 hr ligations; 4 = overnight ligations, 
Ml = 2JHindlll marker and M2 = pBR322/J-J/nfl marker. 
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Restriction digest 

Figure 3.4: Southern blot of 3D7 digested DNA screened with a sequestrin 
probe. A 3kb fragment generated by the Asel digest hybridized 
with the sequestrin probe. 



5'A 
TTCTCTCGGGAG AGCATGATAATC CTTTTATAGATT CTCTTTTAATAA 
ACCCTGAGAAAA TTGAAA\AGATG ATTTAGTAGTAA AGCAGAA1APA 
AAGAAATAAT T 

ii) 5 ACAGAAAAGATA AAT GAZ-GAZ- AAAT T CAACAC I CAZJAGAAIAT 
ATAC1\AA2\CGAT ATAPGAGAT]W GAATTCATAAGG ATGATAGAATC 
I\AGGGAAT TACT TCACGAGPAAAG AATGC TGAPGAPA TATAPTAAT 
GA 

Figure 3.5A: New sequestrin sequence I) upstream and ii) downstream of 
the known sequence. Putative start and stop codons are in 
bold print. 

3,  

known 
sequence 

Slop codoii Start codon 

Figure 3.513: Diagramatic representation of the location of putative start and 
stop codons identified in the new sequestrin sequence, upstream 
of the known sequence. 
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3.3.2 Chromosome mapping of the sequestrin gene 

When 10 different P. falciparum isolates were PCR amplified with sequestrin 
primers PB 135 and PB 138 spanning a 155 5bp region of the known sequence, 
containing the CD36 binding domain, PCR products were obtained from all of the 
isolates, indicating that the gene is present in the genome of all isolates (Figure 3.6). 

A Southern Blot of 3D7, B8 and Cl 0 isolates ofF. falciparum, when 
hybridized with a sequestrin 160-166 PCR product indicated that the gene was 
located on one of the smaller chromosomes, possibly chromosome 4 (Figure 3.7). 
Repeated attempts to screen the filter with DNA from a chromosome 9 gene (p 195, 
Holt, personal communication) failed to produce any results. 

Hybridization of a sequestrin probe with 3D7 and Cl 0 RNA on Northern 
filters failed to identify any RNA transcripts, although previous hybridization of the 
filters with a positive control showed that the RNA prep was of a good quality. 

3.4 Discussion and Conclusions 

A possible explanation for the results obtained in Figures 3.2A, 3.2B and 3.2C, 
where PCR amplification across the insert frequently provided inserts of the wrong 
size, is that rearrangements may have taken place during transformations into E. co/i, 
or insertion of irrelevant fragments into the vector may have occurred (Kemp, 
personal communication). 

Despite numerous efforts made to eliminate artifact banding in cycle 
sequencing reactions, this factor posed a major obstacle in sequence extension of the 
sequestrin gene. Nevertheless, a total of 256bp of new sequence was determined and 
confirmed. The fact that most of the sequence which was of a good quality was 
derived from cloned fragments, signifies the importance of an efficient cloning system. 
The lowering of annealing and extension temperatures for such AT-rich DNA (Su et 
al., 1996) has proven to be of much value in PCR work, providing greater yields of 
products which would have been impossible to amplify under standard PCR 
conditions. This is useful for producing DNA templates for cycle sequencing 
reactions which often require a significant amount of DNA. 
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Figure 3.6: PCR amplification of a 1.555kb segment of the scqucslrin gene 
in 11 P. talciparum isolates and clones with primers PB 135 and 
PB 138. 
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Figure 3.7: Southern blot of a PFGE separation of chromosomes in 
3 P. falciparum clones, screened with a sequestrin probe. 
Separation of 3D7 chromosomes as seen on the gel are 
indicated on the right of the autoradiograph. 



A significant segment of the right end of chromosome 9 (containing the 
cytoadherence locus) in the C1O clone of the parasite has been deleted (Corcoran et 
al., 1988). C10 is a non-cytoadherent clone while both B8 and 3D7 are cytoadherent. 
The hypothesis that the sequestrin gene is located on chromosome 9 would mean that 
it would most likely be absent in the CIO clone, but Figure 3.6 shows this to be 
otherwise. Sequestrin is in fact present in all P. falciparum isolates examined. 
Southern data shows that may be present on chromosome 4, though further work is 

I required to confirm this. 

The isolation of a 270kDa protein product by Ockenhouse and colleagues I (1991b) indicates that the gene is expressed in the blood-stages of the parasite's life 
cycle. However, the Northern data so far suggest that this is not so. Repeated I attempts to hybridize a sequestrin probe to R.NA isolated from P. falciparum failed to 

I produce any positive results. It is possible therefore that the gene is not transcribed 
and hence, not expressed in the human host as was initially hypothesized. A similar 

I result was obtained for the CEO clone, although, since C 10 is non-cytoadherent, one 
might expect a very low level of expression, if any, by the protein. However, the 

Northern blotting experiments may not have been of sufficient sensitivity as total RNA 
was used. Further experiments using the poly A fraction are underway. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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CHAPTER 4. ANALYSIS OF REPEAT SEQUENCES WITHIN 

I SEQUESTRIN 

4.1 Introduction 

As seen in Chapter 1 (sections 1.5 and 1.6), chromosomes of Plasmodium are 

I polymorphic in nature, and genes encoding antigens often consist of polymorphic 

I 
repeats (Corcoran et al., 1988). The presence of repeat sequences in antigenic genes 
contribute to the diversity of antigens expressed in various stages of the parasite's life 
cycle (refer to section 1.7). 

I Ockenhouse and colleagues have identified and sequenced three repeat 

I
domains (Figure 4.1) within the sequenced 2kb portion of sequesirin, designated Ri 
(30 amino acids long), R2 (182 amino acids long) and R3 (73 amino acids long), in 

I the 3D7 isolate of P. falciparum (personal communication). A segment of the CD36 
binding domain lies within R2. The nature of these repeats in other P. falciparum 

I isolates have not been analysed. This chapter discusses an investigation into variation 
in these repeat sequences among lOP. falciparum isolates and clones (Table 4.1). 

I
______ 

4.2 Experimental 

I 
Oligonucleotide primers were designed from the sequestrin sequence of 3D7. 

I The primers were designed to flank the repeats described by Ockenhouse (Figure 4.1). 
Cycle sequencing was used to sequence through repeats (refer to section 2.5). 

I The first set of repeats, Ri, were sequenced with primers PB 159 from the new 
sequence obtained in Chapter 3, and PB 151 from the known sequence. Ten isolates 

I of P. falciparum, namely B8, C1O, CSL-2, D1O, E12, FCR3, NF7, 3D7, 7G8 and 

I 
1776 (Table 4.1) were sequenced, as well as BS-1, an isolate recovered from a patient 
at the Royal Darwin Hospital. 

I 
The second set of repeats, R2, in the same 10 isolates PCR amplified with 

primers PB135 and PBI6O. An attempt was made to sequence C1O with 1-33P 

I labelled primers, PB135, PB16O, PB166, PB167 and PB136 which are located within 
the known sequence. 

I 
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Figure 4.1: Diagram showing the locations of repeat domains on the known 
•sequestrin sequence (adapted from Ockenhouse et al., unpublished 
data). 



Table 4.1: Isolates and clones of P. falciparum used in this study. 

Paraitc Status Oriin Cytoadherence R66rence 

1776 Isolate PNG Shirley et .1/., 
1990 

CIO Clone of 1776 PNG - Shirley et al., 
1990 

B8 Clone of ItG2 S.America + Biggs et al., 
1989 

3137 Clone ofNF54 Holland + Walliker et al., 
1987 

DlO Clone of FC27 PNG - Anders et al., 
1983 

El 2 Clone of FC27 PNG - Anders et al., 
1983 

7G8 Clone Brazil - Burkot et al., 
1984 

CSL-2 Isolate S.E. Asia + Peterson et al., 
1988 

NF7 Isolate Ghana - Ponnudurai et al., 
1982 

FCR3 Line Gambia + Jensen and Trager, 
1978 



The third domain of repeats, R3, were PCR amplified with sequestrin 

I oligonucleotide primers PB 161 and PB 162 and all isolates were sequenced in both 
directions. 

I After translation into amino acid sequences, sequences from Ri and R3 from 

I 
different isolates were aligned manually. 

I 
4.3 Results 

PCR amplification of Ri revealed considerable size variation which is 

I illustrated in Figure 4.2, with 3D7 possessing the smallest repeat sequence of 30 
amino acids and other isolates ranging between 32 and 56 amino acids. Isolate 1776 

I contained the largest Ri sequence of 56 amino acids in length. 

I 
Repeats were aligned using 3D7 as the foundation as it is the smallest block 

and has been divided into three subsections of 10 amino acid repeats. Figure 4.3 

I shows that most isolates contain these basic subsections, with perhaps deletions in a 
few amino acids. Base changes were also observed in a few sequences though these 
were silent and thus did not result in amino acid changes. 

Figure 4.4 shows the PCR results of R2, the largest of the three domains, PCR 

I amplified with PB 135 and PB 160 primers to generate fragments -4kb in size. 
Ockenhouse identified 13 subsets of repeats, each consisting of 14 amino acids within 

I this domain in 3D7. A slight difference in sizes can be seen in Figure 4.4, though it 
was not possible to obtain a better separation, it is evident there are size differences 

I between different isolates, suggestive of variations within repeats. 
Figure 4.5 shows the variation in the last block of repeat sequences, R3, 

I between the ten isolates of P. falciparum, all lying between -350bp and —430bp. R3 
sequences were not fully determined, a large portion of the repeat was sequenced with 

I y-33P labelled PB 162. However, sequence obtained from reactions involving y- 3P 

I 
labelled PB 161 were not legible due to artifact banding, hence the data provided in 
Figure 4.6 consists of incomplete sequence information from each clone and isolate. 

I 
Of the sequence which was determined, base changes were most common in the third 
position of amino acid codons, and these were all silent. Amino acid changes were 

I rare, though these were obtained in B8, D10 and 1776. Most of the repeat sequence 
was conserved between the 10 isolates and clones. 

I 
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Figure 4.2: PCR amplification of Repeat 1 in 11 P. falciparum isolates 
and clones, using oligonucleotide primers PB 159 and PB 151. 



Figure 4.3: Amino acid sequence alignment of Repeat 1 (Ri) in 10 isolates and 
clones of P. falciparum 

1776 N T N T N T N T S T N T N T N T N 
do N T N T N T N T S T N T N T N T--- 
E12 N T N T N T N T S T N T N T N T N 
FCR3 N T N T N T N T S T N T N T-------- N 
3D7 N T N T N T N 
NF7 N T N 
708 N T N T N T N 
B8 N T N T N T N T S T N T N T N T--- 
CSL-2 N T N T N T N T S T N T N T N T N 
D10 N T N T N T N T S T N T N T N T N 

1776 T-------------- S A N T N T-------------- S A 
C1O ------------ N T S A N T-------------- N T S 
E12 T S T N T S A N T N T-------------- S A 
FCR3 T S T N T S A N T N T S T N T S A 
3D7 T S T N T S A N T N T S T N T S A 
NF7 T S T N T S A N T N T S T N T S A 
708 T S T N T S A N T N T S T N T S A 
B8 ---S T N T S A N T N T S T N T S A 
CSL-2 T S T A T S A N T N T S T ------------ 
D10 T ST NT S  A  N T --------------  NT S A 

1776 N T N T S A N T N T S T N T N T S 
dO A N T N T S A N T N T S T N T N T 
E12 N T N T-------------------- S T N T N T S 
FCR3 N T N T --------------------  $ T N T N T S 
3D7 N T N T-------------------- S T 
NF7 N T N T-------------------- S T N T N T S 
708 N T N T-------------------- S T N T N T S 
B8 N TNT  -------------------  ST N T  N  T S 
CSL-2 N T N T-------------------- S T N T N T S 
D10 N T N T-------------------- S T N T N T S 

1776 T N T N T S T N T N T S T 
dO T  N  T NT ST N T N T ST 
E12 T  N  T NT ST N T N T ST 
FCR3 P 
NF7 T 
708 T 
B8 T 
CSL-2 T N T N T S T N T N T S T 
D10 T  N  T NT ST N T N T ST 
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Figure 4.4: PCR amplification of Repeat 2 in 1 1 P. falciparum isolates 
and clones, using oligonucleotide primers PB 135 and P13160. 
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Figure 4.5: PCR amplification of Repeat 3 in II?. tiIciparum isolates 
and clones, using oligonucleotide primers PB16I and PB162. 
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Figure 4.6: Amino acid sequence alignment of Repeat 3 (R3) in 10 isolates and clones 
ofF. falciparum. Changes in amino acid are indicated in bold print. 

1776 V G D I K S V G D I K S V G D I K S V D 

dO V G D I K S V G D I K S V G D I K S V D 

E12 V G D I K S V D 

FCR3 V G D I K S V G D I K S V D 

3D7 D I K N V G D I K S V G D I K S V D 

NF7 V G D I K S V D 

7G8 V D 

B8 D I K N V G D I K S V G D I I S V D 

CSL-2 V G D I K S V G D I K S V G D I K S V D 

D10 V G D I K S V G D V K S V D 

1776 D I N N V D G I K N V D ------------------------ 

C10 D I N N V D G I K N V D ------------------------ 

E12 D I N N V D G I K N V D G I K N V D------ 
FCR3 D I N N V D G I K N V D ------------------------ 
3D7 D I N N V D G I K N V D G I K N V D G I 
NF7 D I N N V D G I K N V D G I K N V D------ 
7G8 D I N N V D G I K N V D ------------------------ 

B8 
CSL-2 ---I N N V D G I K N V D ------------------------ 
D10 D I N N V D G I K N V D G I K N V D------ 

1776 ------------G I N N V G D I N N A G D T N N 
dO ------------G I N N V G D I N N A G D T N N 
E12 ------------G I N N V G D I N N A G D T N N 
FCR3 ------------G I N N V G D I N N A G D T N N 
3D7 K N V D G I N N V G D I N N A G D T N N 
NF7 ------------G I N N V G D I N N A G D T N N 
7G8 ------------G I N N V G D I N N A G D T N N 

B8 ------------G I N N V G D I N N A G D T N N 

CSL-2 ------------G I N N V G D I N N A G D T N N 

D10 ------------G I N N V G D I N N A G D T N N 



1776 A G D I N I( E G_ 

C1O A G D I N N V G____________________________________ 

E12 A G D I N N V G D I N N V G ------------------ 
FCR3 A G D I N N V G D I N N V G ------------------ 
3D7 A G D I N N V G____________________________________ 
NF7 A G D I N N V G D I N N V G D I N N V G 
7G8 A G D I N N V G D I N N V G ------------------ 

Be A G D I N N V G D I N N V G ------------------ 

CSL-2 A G D I N N V G____________________________________ 

D10 A G D I N N V G D I N N V G ------------------ 

1776 D I N N S V D 
dO D I N N S V D 
E12 D I N N S V D 
FCR3 D I N N S V D 

3D7 D I N N S V D 

NF7 D I N N S V D 

7G8 D I N N S V D 

Be D I N N S V D 

CSL-2 D I N N S V D 

D10 D I N N S V D 



4.4 Discussion and Conclusions 

I 
Variation in sizes of repeat elements such as those in Ri and R3 in the 

I different P. falciparum isolates are commonly observed in other antigens of the 
parasite (refer to section 1.7). R2 was not sequenced as the region was too large and 

I would not convey any new data which RI and R3 have not already provided. An 
attempt was made to sequence R2 in C 10 ofF. falciparum which showed the greatest 
size difference to 3137 (Figure 4.4). However, once again, artifact bands proved this 
to be more difficult and time consuming than anticipated. 

I Comparison of sequences obtained from the patient sample BS-1 led to the 
conclusion that this isolate carried the 1776 allele of sequestrin. 

I Frame changes within repeats were not encountered, suggesting that the 

I 
repeat sequences may be important to the function of sequestrin, in contrast to the S- 
antigen (Kemp et al., 1996; refer to section 1.7.1.1). Occasional base changes 

I
obtained did not lead to changes in amino acids. The most common modification 
observed in Ri and R3 are amino acid deletions and additions. 

It can be concluded from the patterns obtained for Ri and R3 in the lOP. 
falciparum isolates, that sequestrin exhibits similar patterns of variation within its 

I
repeat sequences as those in other malarial antigens, which may contribute to further 
antigenic diversity. 

I Expression of the gene segments spanning across the known 2kb fragment by 
Ockenhouse and colleagues (personal communication), showed that the repeat 

I elements may be involved in diverting immune response away from the CD36 binding 
domain, to allow for cytoadherence. In Figure 4.1, RIII was found to be highly 

I immunogenic, though it lies outside the CD36 binding domain and does not bind the 
receptor. When fused with RO-I which is the CD36 binding domain, the Rill domain 

I was found to divert immune from RO-I, hence bind response allowing the protein to 

I
to CD36 and avoid splenic clearance of parasite-infected erythrocytes. 
These repeats were not found to have homologies to other antigens and the mutations 
described above have been found to be silent (Schlichtherle etal., 1996). 

I 
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CHAPTER 5. TRANSFECTION OF A SEQUESTRIN GENE FRAGMENT 
INTO P. falciparum CLONE 3D7 

5.1 Introduction 

I 
Stable transfections have been possible in Leishmania (Kelly et al., 1992), 

I Toxoplasma (Donald and Roos, 1993; Kim etal., 1993) and Tiypanosomes (Cruz 
and Beverley, 1990; Kelley etal., 1992) since the 1980s. These have provided an 

I important approach to determining the biological function of genes. The system 
works by knocking out a single gene in the parasite genome with the concomitant 

I integration of a vector containing a gene for selection, through a single recombination 
event. Parasites with the genetic modification are selected and expression of the I target gene monitored through cytoadherence assays. 

I Wu and colleagues (1995) have now developed a transient transfection system 
of P. falciparum in human erythrocytes, using a chioramphenicol acetyltransferase 

I (CAT) gene as a reporter for selection of stably transformed parasites. 
More recently, plasmids containing the dihydrofolate reductase-thymidilate 

I synthase (DHFR-TS) gene from Toxoplasma gondii which confer resistance to 
pyrimethamine (Donald and Roos, 1993), has been used as a selectable marker by 

I both Crabb and Cowman (1996) and Wu and colleagues (1996) for stable transfection 
in P. falciparum. Crabb and Cowman placed the DHFR-TS gene under the 

I transcriptional control of a P. falciparum calmodulin gene (PftAM). It was noted 
that successful transfections only resulted when performed with circularised 

I recombinant plasmids rather than the linear forms. Crabb and Cowman have 
demonstrated that such transfections can result in the knockout of function of the 

I relevant gene recombination gene (personal communication; by to that Figure 5.1). 

I 
Since the genome of the Plasmodium parasite is haploid during the 

erythrocytic stage, even a single gene knockout will result in an altered phenotype. 

I 
Hence, only a single gene knockout step is required for analysis for the biological 
phenotype of a gene of interest. 

I This chapter investigates transfection of P. falciparum using the above 
plasmid described by Crabb and Cowman, with sequestrin as the target gene. 

I 
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Figure 5.1: Diagramatic representation of a single recombination event during transfection which causes a knockout of the target gene 
(Carter, personal communication). 



Integration of the plasmid containing a fragment of sequestrin into the genome of the 
parasite by a single recombination event will result in a knockout of the sequestrin 

I 
gene fragment to enable analysis of its biological function (Figure 5.1). 

I 
5.2 Experimental 

A 1.555kb PCR fragment of the sequestrin gene containing the CD36 binding 

I domain, flanked by oligonucleotide primers PB 135 and PB 138 was blunt-end cloned 
into an EcoRV restriction site, approximately 300bp into the calmodulin gene 

I promoter of pAC4 (Figure 5.2). 

Colony blots onto nylon filters were screened with a sequestrin probe to select I for positive clones. 

I 
Randomly selected clones derived from the ligations were screened by PCR 

with primers LAV-2 from the vector and PB 151 or PB 161 from sequestrin to 

I determine the orientation of the insert within the vector. 

Minipreps were performed on the positive clones and restriction enzyme 

I digests carried out with Hindlll and BamHJ to determine whether or not the correct 
insert was present. 

I One clone in each orientation was selected for a megaprep followed by CsCl 
gradient purification of plasmids, prior to transfection into 3D7 parasites (refer to 

I section 2.11). 

I 5.3 Results 

I Figure 2.4 is an illustration of the drug resistance cassette contained in pAC4, 
with restriction sites indicated. 

I Screening of colony blots with a sequestrin probe resulted in hybridization of 

I 
the probe to 56 colonies. A total of 12 positives were selected for further analysis. 

Figure 5.3 provides results for restriction enzyme digests of miniprep products 

I 
with Hindlll and BamHI. Clones containing the sequestrin insert were expected to 
generate two fragments, these being 2.5kb and —6kb in size. Seven out of the twelve 

I positive clones provided this result. Products of PCR amplification of clones with 
oligonucleotide primers PB1S1 and LAV-2, and PB161 and LAV-2 are shown in 

I 
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Figure 5.2: Vector constructs of sequestrin cloned into pAC4/EcoRV in different orientations, used in initial tranfections. 
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Figure 5.3: Restriction enzyme digest of randomly selected sequestrin 
clones with ffindlll and l3aml-11. 



Figure 5.4A and 5.4B, respectively. Figure 5.4C is a diagramatic representation of 

I these results. Only clone F2,S appeared to be in the 5'—*3' orientation. F2,S and 
F3,N were selected for transfections. 

I After day 18 of transfections, parasites failed to appear in culture. Through 
recent results of Alan Cowman, it appeared that the sequestrin insert was cloned too 
far into the promoter of the drug-resistance cassette, lowering expression of the gene 
and resulting in failure of transfections. 

I Further cloning work was conducted. Restriction sites both upstream and 
downstream of the cassette were targeted, namely Ji7ioI and Xbal (Figure 5.6). The 

I sequestrin 1555bp sequestrin insert was blunt-end cloned into the independent sites 
and colonies screened with a sequestrin probe and positives were randomly selected I for further analysis. To test for the presence of sequestrin, clones were screened with 

I 
internal sequestrin primers PB 160 and PB 166, Figure 5.5. All 8 clones were positive 
for the insert. Fragments cloned into the Xbal site downstream, were further digested 

I with Kpnl so that those containing the insert would produce two fragments which are 
2.1kb and 6kb in size (Figure 5.7B). Fragments cloned into the A7ioI site upstream 

I were digested with No/I and Hindlll to isolate the 1.5kb insert (Figure 5.7A). Figure 
5.8 shows the outcome of these digests. Some clones contained sequestrin fragments 

I which had ligated to each other to form concatemers prior to insertion into the vector. 
Hence, restriction enzyme digests of these fragments produced a vector fragment and 

I a second fragment which is twice the size expected of a single sequestrin band (refer 
to Figure 5.3 (clone F2,E) and Figure 5.7 (clone 107)). 

I The orientation of inserts was determined by PCR with the same primers used 
above i.e. LAV-2 and PB 151 or PB 161, for fragments cloned into the .X7zoI site, and 

I T7 was used instead of LAV-2 for fragments cloned into the Xbal site. Figure 5.9A 

I 
and B shows that only clone 242 (pSQN.K03) was in the 5'—*3' orientation 
downstream of the drug-resistance cassette. Clone 25 (pSQN.K05), an upstream 

I 
clone, was also in the 5'-3' orientation (Figures 5.8A and 5.8B). 

Clones 81 (pSQN.K04) and 242 (downstream), and 15 (pSQN.K06) and 25 

I (downstream) were selected for amplification, purification, concentration, and finally, 
transfection into 3D7. 

I 
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Figure 5.4A: PCR amplification of sequesrrin fragments cloned into 
pAC4/EcoRV, using primers PB 151 and LAV-2. A 
product is expected if the insert is in the 5'-*  3' 
orientation. 
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Figure 5.4B: PCR amplification of .sequeslrin fragments cloned into 
pAC4/EcoRV, using primers PB 161 and LAV-2. A 
product is expected if the insert is in the 3' 5' 
orientation. 
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Figure 5.5: PCR amplification of sequeslrin fragments cloned into 
Xhol and Xbal sites of pAC4, using primers PB 160 
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Figure 5.6. Vector constructs containing a 1.555kb fragment of sequestrin (with the CD36 binding domain), 
used in transfection experiments. 
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Figure 5.7A: Double restriction enzyme digests of pAC4/Xliol clones. Only 
clones 15, 16, 33, and 25 contain an insert of the expected 
size. AJ= ljllindlll marker. 
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Figure 5.713: Restriction enzyme digests of pac4/Xbal clones 
with Kpnl. Clones 81, 100, 242 and 264 contain 
an insert of the expected size. 
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Figure 5.8A: PCR amplification of sequestrin fragments cloned into 
pAC4/Xho1, to determine the orientation of the insert 
in the vector. M= pBR322/Hinfl marker. 
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Figure 5.8B: PCR amplification of sequestrin fragments cloned into 
pAC4/Xbal, to determine the orientation of the insert in 
the vector. M = pBR322/Hinfi marker. 



I 
5.4 Discussion and Conclusions 

I 
Currently we await the results of the knockout experiments: there is no reason 

to believe that they will not succeed. The process of transfection spans over 20 weeks 

and it is not possible to determine the level of progress until 18-23 days post 

I transfection (Crabb and Cowman, 1996). Hence, there was insufficient time prior to 

I 
the completion of this thesis to make any definite conclusions on whether or not a 

knockout of the sequestrin gene would eliminate or reduce cytoadherence, 

I 
consequently confirming the importance of sequestrin as a candidate in future vaccine 

studies. 

In theory, the orientation of the sequestrin fragment in the plasmid would not 

affect transfections in any way as a single recombination event would still be possible 

in either orientation and a knockout of the endogenous sequestrin fragment would still 

occur. Nevertheless, transfection molecules containing sequestrin fragments in both 

5' —>3' and 3' —>5' orientations were produced to eliminate any possible complications 

which may result due to the instability of cloned malaria sequences in E. coil. 

The hypothesis that sequestrin is a cytoadherence ligand would support the 

assumption that these transfection systems will lead to the loss of cytoadherence to 

CD36 in 3D7 infected erythrocytes. Any such result would thus confirm the role of 

sequestrin. However, other data presented in Chapter 3 have led to speculation on 

whether or not this is really so. This point is discussed further in Chapter 6. 

L -j 
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CHAPTER 6. DISCUSSION 

I 

I The increasing incidence of drug-resistant severe malaria in the tropics has 
made the search for a vaccine against the asexual blood-stages of the human malaria 
parasite, especially P. falciparum, all the more important and challenging (reviewed in 
Land et al., 1995). However the diversity and variation associated with malarial 

I antigens, as well as the varying levels of infection in the different groups of exposed 
individuals (e.g. children living in stable malaria areas, as opposed to tourists) would 

I mean that development of different types of vaccines would be a necessary criteria 
(Howard and Pasloske, 1993). 

I Perhaps the major concern for scientists working in this field is the extensive 
antigenic polymorphism and genetic plasticity of the asexual malaria parasite. I However, increasing understanding of human immune responses to asexual malaria 

I 
parasites have resulted in much progress in the identification and molecular 
characterization of malarial antigens which are potential vaccine candidates (Howard 
and Pasloske, 1993; reviewed in Land et al., 1995). 

Although malarial antigens vary, some are present in more than one stage of 

I the parasite's life cycle, and these are possible targets for future vaccines (Cox, 1991). 
Repetitive sequences as well as conserved regions of many antigens have been studied 
and some optimism has been generated about their possible contribution to vaccine 
studies (Kemp et al., 1987a) which may lead to the development of a vaccine that will 

I be effective against most strains of P. falciparum. 

Manuel Patarroyo and his colleagues made an encouraging start with their 

I synthetic vaccine, Spf66, a peptide polymer consisting of sequences from pre- 
erythrocytic and asexual blood-stage proteins of P. falciparum (Alonso et al., 1994). 

I While this generated hopes that malaria vaccines will become a reality in the not-too- 

I 
distant future (Tanner et al., 1995), recent studies have been extremely disappointing 
(Nosten et al., 1996). 

I 
Identification and isolation of sequestrin by Ockenhouse etal. (1991b) raised 

new prospects for vaccine development. A non-variant antigen would make an ideal 

I
target for these purposes as there is strong evidence to suggest that this molecule is a 
surface protein involved in cytoadherence (refer to section 1.9) and work carried out 
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- in this project has shown that the gene is present in all isolates and clones of P. 
falciparum studied. However, there is still the uncertainty surrounding the biological 
function of the ligand, and I have shown that there is indeed some variation in this 
molecule although its significance remains to be determined. The initial hypothesis 
that the gene was located on chromosome 9 (Ockenhouse, personal communication) 

1  has been refuted by PFGE studies (refer to Chapter 3). At this stage, it appears likely 
but uncertain that the gene is in fact located on chromosome 4 of the parasite. 

I The repeat sequences within sequestrin were found to vary among the 10 P. 
falciparum isolates through amino acid deletions and silent base changes, as well as 

I duplication of sub-sections of repeats, similar to those observed in other malarial 
antigens (refer to section 1.7.1), suggesting that they may contribute to antigenic I diversity, as well as to immune evasion, through diversion of antibodies away from the 
CD36 binding domain. 

I A second theory proposed by Ockenhouse (personal communication) is that 

I
the gene is transcribed in the blood-stages of the parasite's life cycle, as demonstrated 
by the ability to isolate the sequestrin protein from trophozoite- and schizont-stage 

I infected erythrocytes (Ockenhouse et al., 1991b). However, despite several attempts 
made to confirm this with Northern blotting, no positive results have been obtained, 

I even with 3137 (the clone used by Ockenhouse), suggesting that although the gene is 
present in the parasite genome, it is not transcribed. While this may simply have been 

I a sensitivity problem, it raises the question of whether the protein initially isolated was 
in fact a product of transcription of the gene studied. 

I The final test of the biological function of sequestrin is in the transfection 
experiments currently underway. A positive result in the form of the loss of 

I cytoadherence in cells infected with parasites in which a knockout of the sequestrin 
gene has occurred, would indicate that the molecule is in fact involved in 

I cytoadherence to CD36, and further work would be done to more fully understand its 

I 
molecular biology in preparation for its use in future vaccine development. On the 

hand, other a negative outcome would explain the contradictory transcription result, 

I 
leaving the conclusion that the ligand is not cytoadherent and that the gene is not 
transcribed in the blood stages. The next 15-20 weeks will determine which of the 
above conclusions will be drawn. 

1 
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6.1 Future Prospects 

I 
A great deal more needs to be done before we can fully comprehend the 

I complex mechanisms involved in malarial infections and the human immune response 
to these infections. The identification and characterization of new P. faiciparum 

I antigens and cytoadherence receptors have tremendously aided in the understanding 
of cytoadherence and sequestration. 

I Molecular techniques used in this project have provided a clearer overall 
picture of sequestrin, and have shed light on the initial puzzle between the I chromosome 9 story and the sequestrin story. Should transfection results of 
sequestrin show that the protein is an important component of cytoadherence in P. I falciparum-infected erythrocytes, then further work will be required to complete the 

I molecular analysis of the gene. A large portion of the gene still needs to be 
sequenced. To date, only 2212bp of the —6kb gene has been sequenced and the 

I
completion of this part of the project is hampered by difficulties in cloning and 
sequencing which are unavoidable, due to the high A/T content of the genome 
(Pollack etal., 1982), and consequently instability of gene fragments in E. coil. Other 
molecular techniques which have not been employed in this project may assist in this 

I work. 

Immunization of rabbits and the production of antibodies will follow. If 

I successful, this could be the first step toward the development of anti-adhesion 
substances directed against sequestrin for the management of cerebral malaria and the 

I reversal of sequestration. 

I 
I 
I 
I 
I 
I 
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APPENDIX A. Company Names and Addresses 

Company 

AGFA 
Amersham 
Anirad Pharmacia Biotech 
Beckman 
Bio-Rad Laboratories 
Bresatec 
Corbett 
FSE 
Kodak, Ajax Chemical 
Life Technologies 
MSE Sanyo 
Novex Australia 
NuSieve, FMC BioProducts 
Perkin Elmer 
Progen Industries Ltd. 
Promega 
QIAGEN 
Sigma Chemical Company 
Stratagene 
Ultra-Lum  

Address 

Regency Park, SA, Australia 
Sydney, NSW, Australia 
Stones Corner, QLD, Australia 
Gladesville, NSW, Australia 
Brisbane, QLD, Australia 
Adelaide, SA, Australia 
Mortlake, NSW, Australia 
Homebush, NSW, Australia 
Regency Park, SA, Australia 
Brisbane, QLD, Australia 
Fortitude Valley, QLD, Australia 
Brisbane, QLD, Australia 
Sydney, NSW, Australia 
Scoresby, Vic., Australia 
Darra, QLD, Australia 
Sydney, NSW, Australia 
Clifton Hill, Vic., Australia 
St. Louis, USA 
Willoughby, NSW, Australia 
Sweden 
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APPENDIX B. Reagents, Buffers and Culture Media 

Bi. Reagents 

B1.1. Agarose loading dye 

Bromophenol blue 0.05% 
Xylene cyanol 0.05% 
EDTA 20mM 
Formamide 95% 

B1.2. Ampicillin (100mg/mi) 

Dissolve 1 g of ampicillin in lOmis of sterile water and dissolve completely. 
Aliquot in a fumehood and store at -20°C. 

B1.3. Denaturing solution 

NaOH 0.5M 
NaCI 1.5M 

B1.4. 50X Denhardt's solution 

Ficoll 5g 
Polyvinylpyrrolidone 5g 
BSA (pentax fraction 5) 5g 

Make up to 500m1 with distilled water, filter sterilize, aliquot and store at 
-20°C. 

B1.5. Ethidium bromide (10mg/mi) 

Add ig of ethidium bromide to 100 mIs of distilled water, stir on a magnetic 
stirrer until completely dissolved. Aliquot into lOml tubes wrapped in foil and 
store at 4°C. 

B1.6. Hepes (100mM) 

Dissolve 2.38g HEPES in 50m1s of distilled water and make up to a final 
volume of lOOmis. Filter sterilize through a 0.22im filter. 

B1.7. IPTG (20tg/tl) 

Dissolve 0.5g of IPTG in 25m1s of distilled water, aliquot into tubes wrapped 
in foil and store at 4°C. 
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B1.8. Neutralising solution 

Iris-Cl 1M @ pH 8.0 
NaCl 1.5M 

B 1.9. Phenol/Chloroform 

Add 1 volume of phenol to an equal volume of chioroform/isoamyl alcohol 
(24:1) and store in a dark bottle with an equal volume of 0.1M Tris (pH8.0) + 
0.2% -mercaptoethanoI at 4°C. 

B1.10. 40% Polyacrylamide 

Acrylamide 38g 
Bis(NN-methylenebis acrylamide) 2g 

Disolve in distilled water to a final volume of lOOmis with gentle stirring. 
Then add 5g of Ag501-X8 and stir for a further 30 mins. Filter through 
a 45.tm filter and store in a dark bottle at 4°C. 

B!.!!. Polyacrylamide gel (6%) 

10xTBE lOmi 
Urea 42g 
40% Polyacrylamide 1 5m1 

Dissolve constituents in 20m1s of distilled water at 65°C for approximately 10 
mins, cool to room temperature and make up to lOOmis with distilled water. 
Transfer to a BUchner flask and degas by applying suction under vacuum for 
10 mins. Then add the following: 

0.1g/ml ammonium persulfate 400 j.tl 
TEMIED 40i.tl 

Mix and pour immediately. 

B1.12. Prehybridization solution 

2Ox SSC 60m1 
20% SDS 5m1 
50x Denhardt's 20m] 

Make up to 200m1s with distilled water. 



B1.13. Pyrimethamine (200pM) 

Add 24.8mg of pyrimethamine to lOmi of 1% glacial acetic acid. Dilute 
1/50 in HT-PBS and make a final volume of 50m1s. Filter sterilize and store 
at 4°C. 

B1.14. Saturated n-butanol 

Make up a solution containing: 
NaCl 1M 
Tris (pH 8.0) 10mM 
EDTA 1mM 

To this add 0.5 volume of n-butanol, mix and allow phases to separate before 
use. The top layer is the saturated n-butanol. 

B1.15. Soc 

Bactotryptone 2% 
Yeast extract 0.5% 
NaCl 10mM 
KCl 2.5mM 

Make up to 99m1s with distilled water and autoclave. Then add the following: 

M902.61120 10mM 
MgSO4.7H20 10mM 
Glucose 20mM 

Filter sterilize through a 0.22j.tm  filter. 

B1.16. 20% SDS pH7.2 

Dissolve lOOg SDS in 300m1s of distilled water by heating in a microwave. 
Stir with a magnetic stirrer, cool and adjust pH with dilute 0. 1M HC1 to 
pH7.2. Make up to 500m1 with distilled water. 

B1.17. Solution D 

Guanidium thiocyanate 4M 
Sodium-citrate (pH 7.0) 25mM 
Sarkosyl 0.5% 

Add 72pi of fresh 3-mercaptoethanol per lOmi. 
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B1.18. 20X SSC pH 7.0 

NaCl 175.3g 
Tn-Sodium Citrate 2g 

Dissolve in 1L of distilled water and adjust pH to 7.0 with 1M HCI. 

B1.19. TE-saturated phenol 

Add 0.5 volume of phenol to I volume of TE, mix well and allow phases to 
separate before use. Store at 4°C in a dark glass bottle. 

B1.20. X-gal (20tg/d) 

5bromo-4chIoro-3indoyl--D-galactopyranoside 0 .2g 
Dimethylformamide l0mls 

Mix well to dissolve solid component and store in a bottle wrapped in foil at 
4°C. 

B2. Buffers 

B2.1. Cytomix 

KCl 120mM 
CaCl2  0.15mM 
K2HPO4/KH2PO4  (pH 7.6) 10mM 
Hepes (pH 7.6) 25mM 
EGDA 2mM 
MgCl2  5mM 

Adjust pH to 7.6 and filter sterilize prior to use. 

B2.1. Lysis buffer 

EDTA 0.5M 
Tris 0.O1M 
Sarkosyl 1% 

B2.3. lOx PC2 Buffer 

Tnis-HC1 pH 8.55 200mM 
Ammonium sulfate 160mM 
MgCl2 25mM 
BSA 1500ig/mI 
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B2.4. lox PCR buffer 

Tris-Cl 10mM 
KC1 50mM 
MgCl2  25mM 
NP4O 0.45% 
TWEEN 20 0.45% 

Make up to volume required with sterile water, autoclave in Kimax tubes and 
aliquot into sterile eppendorf tubes. Store at -20°C. 

B2.5 SM buffer 

Gelatin ig 
1M Tris-Cl pH7.5 imi 
SM NaCl 100mM 
100mMMgSO4  5m1 

Make up to 50m1s with distilled water and autoclave. 

B2.6. 50x TAE (tris-acetate EDTA) 

Tris-acetate 0.04M 
EDTA (pH 8.0) 0.002M 

Make up to the above final concentrations with distilled water. Dilute as 
required for use with distilled water. 

B.2.7. lox TBE (tris-borate EDTA) 

Tris-borate 0.089M 
Boric acid 0.089M 

Make up to the above final concentrations with distilled water. Dilute as 
required for use with distilled water. 

B2.8. Tris.EDTA (TE) 

Tris-Cl (pH 8.0) 10mM 
EDTA (pH 8.0) 1mM 

Make up to volume with distilled water. 



B2.9. TFB 

MIES (pH 6.3) 
(i.e. 2- [N-morpholino] ethane sulfonic acid) 10mM 
MnC12.4H20 45mM 
CaC12.2H20 10mM 
KCl 100mM 
Hexamminecobalt chloride 3mM 
Rubidium chloride 100mM 

Adjust pH to 6.15 ± 0.1 and filter sterilize through a 0.22 j.tm filter. Store at 
4°C. 

B3. Culture media 

B3.1. L-broth 

Bactotryptone lOg 
Yeast extract 5g 
NaCl 5g 

Dissolve in 500m1s of distilled water then make up to a final volume of 1L. 
Autoclave and store at 4°C. 

To make LB plates, add 15g of Bactoagar per 1L of L-broth, adjust pH to 7.5 
with 0. 1M NaOH. Autoclave, cool to 50°C then pour into sterile petri dishes 
and allow to set. Store at 4°C. 

B3.2. RPMI-Hepes 

Supplement a known volume of RPrvll 1640 medium with the following: 

Sodium bicarbonate 25mM 
Hepes 25mM 
Gentamicin loj.tg/ml 
Human AB serum 10% 

Store at 4°C and warm to 37°C prior to application. 

B3.3. TB top agarose 

Bactotryptone ig 
NaCl 0.5g 
Agarose 0.8g 

Make up to I 00m1s with distilled water. Autoclave and cool, then add 1 ml of 
1M MgSO4. 
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B3.4. 2X YT broth 

Bactotryptone 16g 
Yeast extract lOg 
NaCl 5g 

Dissolve in 500m1s of distilled water then make up to a final volume of 1L. 
Autoclave and store at 4°C. 

For making plates, add 4.5g of agar per 300m1s of broth, autoclave and cool 
to 50°C, then pour into sterile petri dishes and allow to set before storing at 
4°C. 

For antibiotic selection, add 600 jtl of ampicillin (100mg/mi), 600 j.il of X-gal, 
and/or 1. 5m1 of IPTG to every 3 00m1s of broth after autoclaving. 

B3.5. 2x YT + Ampicillin overnight cultures 

Add 50tl of ampicillin (100mg/mi) to lOmis of 2XYT broth, inoculate a single 
bacterial colony and incubate overnight at 37°C with shaking. 
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APPENDIX C. Host Cells Used In This Study 

C600}EFL - A High Frequency Lysogenic strain of E. coil ideal for generating 
A. libraries. 

DH5a - A high efficiency transformant, also a strain of E. coil suitable for 
transformations involving AT-rich plasmid DNA. 

PMC103 - A strain of E. coil which is more tolerant to AT-rich DNA. Contains 
an endogenous lacZ gene and therefore will not provide colour selection 
of clones. Ideal for transformations of plasmids containing malaria DNA 
as fewer recombinations or deletions are generated. 
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APPENDIX D. The Sequestrin Sequence 

Sequence data of the sequesirin gene, 2212bp. New sequence is indicated by the bold print 

I and putative start and stop codons are underlined. 

AATTCTCTCGGGAGAGCATGATAATCCTTTTAThATTCTCTTTTAATAAACCCTGAGAAAAT 

I TGAAAAAGATGATTTAGTAGTAAAGCAGAAAAAAAAAAGAAATAATTGAAGAGCTGAAGAAAA 
AAAAGGAAAATACAAACACAAATACAAATACAAGTACAAATACAAGTGCAAATACAAATACAA 

I GTACAAACACAAGTGCAAACACAAATACAAGTACAAAAGAATCTCACATATTAGATGAATCGA 
AACTAGAAACCTTTTACAGAGACGAATTAGACAAAATGGGAAAAGAAGAAATTGAAACATATT 

I TCAAAGGGAATATTGACAAAAAATCACTTGATGAATTTCATAAAATATTGCTAGAAGAGTTAA 
ACAAAATGGACAAAGATGAATTATATGAAATGTATAGAGAAGAGTTAAATAGGATTGAACAAG 

I 
A.AAAAATTAGAAATATGAATAAAGAAGAAATAAATAAAACTTACAAGGACGAAATAAATAATA 
TGAATAGTGATCAAGTTGATAAAATACATAGAGAAGAATTAGAA.AAAATCGAAAAAGAAAAAA 
TAAACAAAATGGATAAAGATGAAATAGATAAAATATATAGAGAAGAATTAGACAAAATGGATC 

I GAGATGCAATTTATAGTATGTATATAGAAGATATAAGTAACAAAAATATAAAAGACTTAATTA 
AAAATGAAAAGGAAACAAATAAGGATAAAAACAAAAAAAAAGATATAGATATAAACAAAAAGA 

I AAAAAAAAGATATAGATATAGATGTAGACATAGATAAAGATATACATAAAGATCATGTAGAAG 
AATTATACGGAGAAGTAAAAAACAAACTTAGCAAAGAAGAATTAGATAGAATGGACAGAGACG 

I CATTATATAGAGTATACCTAGAAGAATTAGATAGAATGAACAGAGACGAATTATATAGAGTAT 
ACCTAGAAGAATTAGAAAAAATAGACAAGGAAGAAAAAGAAAAAATTCATAGAGAAAAATTAC 

I 
ACAAAATTGAAAAAGACAAAATAAATAAAATGGATAAAGATCAAATAGATAAAATATATGAAG 
AAGAATTAAACAAAATGGATAGTGATGAAATTCAACATGTAAGGAGAGCAATATTACAAGATA 
TACAAAAAGAAAAAATACAAAATTTAGAACTAGAAGAAATCGATAGACTTTATAAAGAAGAAT 

I TAGATAGAATGGATAGAGAAGCAAGGTATGAAATCCCCATGAGAAATTTAAGCAGAAATGAAA 
AAGATAATATTATACATAGAAATATTAAAAATGAATCTAACCAAAAAAATAAGAAAGAAAATG 

I TAAATGTATTTATAATACACGACAATAATGATAGTAATAATAATAATAATAATAATAATAGAG 
ATGTGAATAATTTAAATAATAAGCACACAAATAATAATTATAATGAAAATGTAGAAGTTGAAT 

I TAGTTGTACGAAATTTAGACAAGGATAAAGGAGCCAAGATAGAAGATATTATAGACTATTTTA 
ACAAAGAAATTAAAAAAGACAAAAATGTTAATGTTTCCAATATAGTGAATTTTTTAAATTCAA 

I 
AAGTAGGAAAAGATAACACACCAATTCAACATAAGAAGGAAAATCAAGTAGATGTTGTCAGGA 
AAAATATTCAGATTATTCAAGAGGATAATATAAAAAATAAAGGCCAAAAGGATAACACTGAAA 
TGTTAGATAATAATAAGGAAATAACAAATATTGATATAAAAAATGTTGATGATATAAAAAATG 

I TTGGAGATATAAAAAGTGTTGGAGATATAAAAAGTGTTGATGATATAAACAATGTTGATGGTA 
TAAAAAATGTTGATGGTATAAAAAATGTTGATGGTATAAAAAATGTTGATGGTATAAACAATG 

I TGGGAGATATAAACAATGCTGGAGATACAAATAATGCTGGAGATATAAACAATGTGGGCGATA 
TAAACAATTCTGTAGATATATACA.CGTTGAACATATAGACGAAGCGGAGAAAAAACCAAATC 
TTGATAATCCAAAAAAGTTTGACTGGACACAGGTATTTAAAGACAAAGTAACAGAAAAGATAA 

I 



AAAATGAAGAAAAATTCAACAACTCAAAAGAAAATATACAAAACGATATAAGAGATAAAGAAA 
TTCATAAGGATGATAGAATCAAGGGAATTACTTCACGAGAAAAGAATGCTGAAGAAATAAATA I ATAATGA 

I 
I 
I 
I 

F] 
I 
I 
I 
I 
I 



-7- I 
!j .( 

Northern Territory University 

0004084969 



F 
1-i 

I 

1996 HRU 
ruma1, Pearly. 

I lecular analysis of the 

I 


