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6XPPDU\�
 
Every year between one and two million people die from malaria, and the majority are 
children under five years of age. The most lethal form of malaria is caused by the unicellular 
parasite 3ODVPRGLXP�IDOFLSDUXP. The parasite’s life-cycle is divided between two hosts; 
humans and the Anopheline mosquito. During the blood-stage in humans the parasite invades 
red blood cells (RBC) and a parasite-derived protein called 3ODVPRGLXP�IDOFLSDUXP 
erythrocyte membrane protein 1 (PfEMP1) is expressed in the membrane of the infected 
RBC. This protein is encoded by approximately 60 genes termed YDU. These are higly variant 
and give rise to the antigenic variation of this protein. People living in endemic areas develop 
a partial immunity to malaria that still is poorly understood. However, antibodies directed 
against different variants of PfEMP1 are believed to be important. The variants of PfEMP1 
have different structural and functional properties that are correlated to the disease symptoms 
that vary from mild to severe and lethal. The structural properties of PfEMP1 is reflected in a 
VSHFLILF�UHJLRQ�RI�RQH�RI�WKH�SURWHLQ¶V�GRPDLQV��WKH�'%/� -domain. This region is referred to 
DV�WKH�'%/� -tag and can be amplified from nearly all YDU-genes using universal primers.  
 
In this project I PCR-DPSOLILHG�'%/� -tag sequences and cloned them into expression 
vectors containing an N-terminal histidine-tag. The tags were expressed in BL21 (�FROL�and 
purified using a nickel-column. I started out the experiment by cloning�'%/� -tags from 15 
different YDU-genes of which ten were successfully cloned. Out of these ten, six were  
successfully purified after expression. Four recombinant protein-tags were then used in 
ELISAs with serum-samples from 84 malaria-exposed children in Kenya to see if any 
antibodies directed against them could be found. Antibodies towards all four tags were 
detected. It was found that the level of responses to the tags was correlated, and that children 
with parasites in the blood at the time of the survey had response to at least one of the tags. 
Since these '%/� -tags used in the ELISAs are derived from a laboratory 3��IDOFLSDUXP line, 
it is unlikely that the YDU-genes represented of these tags are expressed in field isolates, which 
indicates that some of the responses probably are due to cross-reactive antibodies.  
 
This study establish a first protocol that, though not fully optimised, shows that it is possible 
WR�H[SUHVV�UHFRPELQDQW�'%/� -tags and that they do contain some B-cell epitopes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�
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,QWURGXFWLRQ�
�
0DODULD��
Malaria is caused by the protozoan parasite of the 3ODVPRGLXP�species. There are several 
species that infect humans of which 3ODVPRGLXP�IDOFLSDUXP is the most lethal. Every year 
between one and two million people die from the disease and the majority are children under 
the age of five [Abbas & Lichtman 2003, Ndungu et al. 2005]. In recent years mortality has 
risen which may be due to the increased resistance of the parasite against antimalarial drugs 
[World health organisaion 2006].  
 
/LIH�F\FOH��
The human host stage of 3ODVPRGLXP�IDOFLSDUXP starts when sporozoites are injected into the 
blood by the bite of an female anopheline mosquito [Abbas & Lichtman 2003, Kyes et al. 
2001]. The sporozoites rapidly migrate to the liver via the bloodstream and invade 
hepatocytes where maturation and subsequent asexual division takes place. During this 
process one sporozoite eventually produces thousands of infective merozoites which are 
released into the bloodstream when the hepatocyte ruptures. This occurs about 10-15 days 
after the initial infectious bite.  
 
Once in the blood, merozoites quickly infect erythrocytes where they multiply and give rise to 
6-32 daughter merozoites within 48 hours. When the daughter merozoites are fully mature the 
host cell ruptures and released merozoites invade other red blood cells to start another cycle of 
growth and division. This exponential growth of parasites in the blood causes clinical 
symptoms of malaria, of which periodic fevers are the most characteristic [Kyes et al. 2001]. 
Some merozoites differentiate into female and male gametocytes that can be taken up by a 
mosquito during a blood meal. In the gut of the mosquito gametes are released, fuse to form a 
zygote and immature sporozoites develop. These sporozoites migrate to the salivary gland 
where they mature and become infective to start another cycle when injected into the human 
bloodstream [Abbas & Lichtman 2003].  
�

 )LJXUH����Schematic illustration of the life-cycle of 3ODVPRGLXP�IDOLSDUXP�[adapted from Wirth D.F. 2002. 
Nature. Vol. ���� 495-496]. The parasite is injected into the human host via the bite of an infected mosquito. 
Inside the human bloodstream it quickly migrates to the liver where it invades livercells and multiplies. When 
the cell bursts thousands of parsites are released and thereafter infect red blood cells where another cycle of 
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asexual division takes place. Blood cells ruptures and more cells are infected. At some stage female and male 
gametocytes develop that can be ingested by another mosquito during a blood meal. Inside the mosquitoes gut 
the sexual part of the life-cycle takes place that eventually results in new sporozoits in the salivary glands, ready 
to be injected into the human blood.    
�
,PPXQH�UHVSRQVHV�DQG�QDWXUDOO\�DFTXLUHG�FOLQLFDO�LPPXQLW\�
Adults living in malaria-endemic areas acquire partial immunity in that they can be infected 
with the parasite without suffering severe or mild clinical symptoms. However, clinical 
immunity is only sustained in endemic areas, which means that repeated exposure to the 
parasite is required for protection. In areas of high parasite-transmission, young children who 
have not yet had the opportunity to develop an immune defence to malaria are more 
vulnerable than adults to severe malaria, while the risk of disease is more equal between ages 
in areas of low transmission [World health organisation 2006]� Women are also at higher risk 
of severe disease during their first pregnancy. Maternal malaria is a major cause of 
complications like low birth weight and maternal anaemia [World health organisation 2001]. 
However, during subsequent pregnancies the risk of disease decreases, which suggests that a 
partial immunity is acquired in this situation as well [Duffy & Fried 2003].    
 
The clinical immunity acquired naturally by people living in endemic areas is still poorly 
understood [Bull & Marsh 2002]. In non-immune individuals, the initial immune response 
towards 3��IDOFLSDUXP infected red blood cells (iRBC) is driven by the innate immune system 
[Urban et al. 2005]. The initial antigen-recognition takes place early during blood-stage 
infection by dendritic cells (DCs). This recognition of iRBCs or their products is probably  
mediated by pattern-recognition receptors including scavenger and toll-like receptors (TLRs). 
For instance, haemozoin (pigment released from the parasite) is believed to be bound by TLR 
9 resulting in maturation and activation of the DCs and subsequent production of 
proinflammatory cytokines like IL-12. The production of IL-12 probably leads to activation 
of natural killer (NK) cells that in turn start secreting IFN-  [Ndungu et al. 2005, Stevenson & 
Urban 2006]. Monocytes and macrophages respond to the IFN-  production and phagocytose 
iRBCs. Mature DCs and activated monocytes/ macrophages can present parasite-antigens and 
thereby activate CD4+ T-cells. At this point though, increasing parasitaemia may cause 
suppression of antigen-presenting cells due to ingestion of haemozoin and adhesion of iRBCs 
to DCs via parasite-derived proteins that modulate their function. These events eventually 
result in increased IL-10 production and a shift towards an anti-inflammatory immune 
response. However, IL-10 is also a growth factor for B-cells that can promote humoral 
immune responses and the production of cytophilic IgG1 and IgG3. When antibodies 
mounted against the infecting parasite variant are established, parasitaemia is controlled 
[Urban et al. 2005].       
 
Humoral immune responses are believed to have a critical role in the defence against 
bloodstage malaria. Initial experiments showed that when serum from immune adults was 
transferred to children with acute malarial disease, parasitaemia was suppressed [Urban et al. 
2005]. However, iRBCs escape the humoral immune response by expressing variant surface 
antigens (VSA) in the membrane. Studies of serum from both adults and children in endemic 
areas showed the presence of antibodies against VSAs from different parasite isolates. 
Furthermore, serum from immune adults recognized more parasite isolates than serum from 
children. This strong correlation between age and level of protection suggested that slow 
aquisition of a repertoire of antibodies is important and contributes to the natural clinical 
immunity [Bull & Marsh 2002, Bull et al. 1998]. Antibody responses to blood-stage antigens 
are for some reason short-lived but seem to be better sustained in the presence of 
asymptomatic infection. This indicates that immune responses to iRBC can control parasite 
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levels but are slow at eliminating parasites and that the development of memory B cells could 
be impaired [Ndungu et al. 2005].  
 
$QWLJHQLF�YDULDWLRQ���
Some parasite-derived molecules that are targets of the host’s immune response undergo 
clonal antigenic variation to restrain development of immunity against the parasite in the host. 
These antigens are encoded by multigene families where one variant is expressed at a time 
and successive switching between genes occurs. The variants of these gene-families differ to 
the extent that immunological cross-reactivity is rare or non-existent [Kyes et al. 2001]. In 3��
IDOFLSDUXP three highly variable gene families have been identified termed YDU, ULI and VWHYRU, 
of which YDU and ULI encode proteins known to undergo antigenic variation. The best 
described is 3ODVPRGLXP�IDOFLSDUXP erythrocyte membrane protein 1 (PfEMP1) encoded by 
the YDU gene family [Gardner et al. 2002, Xin-Zhuan et al. 1995]. �
�
7KH�GLYHUVH�YDU�JHQH�IDPLO\�
There are approximately 60 YDU genes per haploid genome [Gardner et al. 2002] of which 
most have a subtelomeric position, whereas a smaller subset are more centrally situated 
[Kraemer & Smith 2003]. Each gene has a two-exon structure (fig. 1)  where exon 1 is highly 
polymorphic and encodes the large extracellular part and the transmembrane domain of the 
protein, while exon 2 is much more conserved and encodes the smaller intracellular domains 
of PfEMP1 [Gardner et al. 2002]. Despite considerable sequence heterogeneity in the 
extracellular part different domains can be distinguished. It consists of an N-terminal segment 
(NTS), CIDR (cysteine-rich interdomain region) domains, DBL (duffy binding-like) domains 
and C2 domains. Moreover, DBL and CIDR can be divided into different subgroups termed �
–� �DQG� �–� , respectively. Each PfEMP1 consists of at least 2 DBL and 2 CIDR domains and 
some contain additional DBL domains [Xin-Zhuan et al. 1995, Smith et al. 2000, Robinson et 
al. 2003]. In addition a semiconserved head-structure consisting of two major types has also 
been identified (fig. 1). This semi-conserved head-structure always starts�ZLWK�D�'%/ �XVXDOO\�
IROORZHG�E\�D�&,'5 ��RFFDVLRQDOO\�&,'5 . 7KHVH�WZR�ILUVW�GRPDLQV�DUH�UHIHUUHG�WR�DV�'%/� �
DQG�&,'5� � ��UHVSHFWLYHO\ [Kraemer & Smith 2003].    
 
Based on the genome-sequencing of the laboratory 3�IDOFLSDUXP�strain 3D7 the YDU-genes 
were initially divided into three major groups based on their upstream sequences, the 1.5 kb 
5’ flanking region (upsA-C) [ Gardner et al. 2002].   
 
Importantly, this initial classification of the YDU-genes based on domain-composition and 
upstream sequences has been shown to coincide with other structural and functional 
characteristics such as the direction of transcription (towards centromer or telomere)[Kraemer 
& Smith 2003, Bull et al. 2005] and adhesive properties mediated by PfEMP1 [Kraemer & 
Smith 2003, Robinson et al.�2003]. For instance, parasites associated with severe malaria in 
children seem to preferentially express PfEMP1 encoded by YDU-genes of the A-group [Jensen 
et al.�2004]. Furthermore, an association between number of cysteine-UHVLGXHV�LQ�'%/� �
sequences and severe noncerebral malaria in Brazil has also been reported. These 
investigators found that patients with severe disease mainly expressed PfEMP1 containing 
'%/� �VHTXences with a low cysteine count [Kirschgatter & del Portillo 2002], a property 
that is characteristic for YDU-genes downstream of upsA promoter sequences. However, other 
studies did not confirm the association between severe malaria isolates and low cysteine 
counts [Bull et al.�2005]. 
 
�
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7KH�'%/� �WDJ�
In 2005 Bull and colleagues published their findings that differences in structural properties 
RI�3I(03��DUH�UHIOHFWHG�LQ�D�VSHFLILF�UHJLRQ�RI�WKH�'%/� �GRPDLQ [Bull et al.�2005], here 
UHIHUUHG�WR�DV�WKH�'%/� -tag. They used number of cysteine-residues (mainly varying 
between two and four) together with positions of limited variability at four fixed positions 
(PoLV 1-���WR�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�JURXSV�RI�'%/� -tags. Each PoLV consists of 
four amino acids located directly adjacent to conserved amino acids in islands of homology 
previously identified by Smith and colleagues [Smith et al.�2000]. The tags were divided into 
six different groups (1-6), of which group 1, 2 and 3 have two cysteines (cys2), group 4, 5 
have four (cys4) and group 6 consist of the small number of tags with 1, 3, 5 or 6 cysteines 
(cysX). Furthermore, groups 1, 2 and 5 are based on two characteristics (number of cysteines 
and one PoLV) and therefore constitute more distinct groups than 3, 4 and 6 (number of 
cysteines and absence of certain PoLV). These six groups coincided well with previous 
classifications like long (6-9 domains) or short (4-5 domains) YDU-genes and upstream 
promoter sequences (upsA-C). Importantly, they found a high degree of similarity when 
comparing the distribution of different tags between the laboratory strain 3D7 and clinical 
isolates from malaria patients in Kilifi, Kenya [Bull et al. 2005]. This discovery is useful for 
the typing of PfEMP1 expressed in field isolates since it is possible to PCR-amplify these 
'%/� -tags from nearly all YDU-genes using universal primers [Taylor et al. 2000]. The 
DPSOLILHG�'%/� -tag sequence can provide information about probable upstream promoter 
sequence and the DBL domain that follow the semi-conserved head structure, and these 
structural properties are in turn associated with different functional properties.  
�
 

 )LJXUH����6FKHPDWLF�SLFWXUH�RI�WKH�GRPDLQ�VWUXFWXUH�RI�3I(03��LQFOXGLQJ�DQ�HVWLPDWLRQ�RI�WKH�'%/� -tag 
amplified with the uQLYHUVDO�SULPHUV�'%/ $)�DQG�%5�>DGDSWHG�IURP�%XOO��3��������3/26�3DWKRJHQV@� 
�
9DU�JHQH�H[SUHVVLRQ�
It is not yet known how switching between the expression of different YDU-genes is regulated. 
However, research indicates that expression of some YDU-genes is more common than others 
and that the ability to switch to expression of certain YDU-genes could depend on previous 
switching patterns. This is indicated in experiments by Horrocks and colleagues where they 
found that out of 38 parasite-clones (3�IDOFLSDUXP laboratory line A4) more than half 
expressed a single predominant var-gene of which YDU 6 was the most common. For the rest 
of the clones, most transcribed YDU 6 in combination with YDU 32 and/or YDU 19. A small 
proportion of the clones expressed YDU 14 in an exclusive way compared to any other var-
genes found. Furthermore, they analysed YDU-gene expression during 40 generations in clones 
that initially expressed a single YDU gene variant. Here, increases of YDU 6 was found in clones 
not initially expressing YDU 6, and the rate of this accumulation was nearly exactly the same in 
each clone independent of initial level of YDU 6 transcripts. However, in the clone initially 

DBL   DBL1   

AF’ BR DBL1 -tag amplicon 

n 
CIDR2 
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expressing YDU 14 no increase of YDU 6 could be found. For YDU 41 a similar accumulation 
could be detected in all clones not already expressing this variant, though at a much slower 
rate [Horrocks et al. 2004].  
�
3I(03��IXQFWLRQDO�SURSHUWLHV��
PfEMP1 does not only undergo clonal antigenic variation but also possesses several adhesive 
properties that are believed to be important for pathology of 3��IDOFLSDUXP malaria [Ndungu et 
al. 2005, Kyes et al. 2001]. This hypothesis is supported by the fact that adhesive protein-
homologues to PfEMP1 have not been found so far in any of the other, less lethal, human 
3ODVPRGLXP species. �
 
PfEMP1-mediated adhesion allows infected erythrocytes to sequester within deep vascular 
beds and thereby avoid clearance of iRBCs in the spleen. Accumulation of large numbers of 
parasites in vital organs can result in some damage to that organ. Almost all PfEMP1 variants 
mediate binding to CD36 expressed on host endothelial cells via the CIDR1-domain [Kyes et 
al. 2001]. However, a group of YDU-genes with an upsA-promoter sequence and DBL� -tags 
belonging to group 1 encode PfEMP1 that do not bind CD36 [Robinson et al. 2003]. PfEMP1 
is also responsible for the binding of iRBCs to intercellular adhesion molecule-1 (ICAM-1) 
[Smith et al. 2000] and this adhesion phenotype has been associated with cerebral malaria 
[Newbold et al. 1997]. In some parasite isolates, the expressed PfEMP1 variant mediates 
binding to complement receptor 1 (CR1) expressed on erythrocytes [Rowe et al. 1997]. 
Binding of iRBCs to CR1 contributes to a phenomenon referred to as rosetting where iRBCs 
are surrounded by RBCs [Chen et al. 1998]. Clumping is a feature mediated by adhesion of 
iRBCs to CD36 expressed on host platelets, which basically “glue” several iRBCs together 
[Pain et al. 2001]. Both rosetting and platelet-dependent clumping are associated with severe 
malaria [Pain et al. 2001, Carlson et al. 1990]. Parasite-isolates from pregnant women 
suffering from malaria express a PfEMP1 variant that adheres to chondroitin sulphate A 
(CSA), and thereby cause sequestration of parasites in the placenta where CSA is expressed 
on vascular cells. This adhesion phenotype is found only in isolates from pregnant women 
explaining why immune women suddenly become susceptible to malarial disease during their 
first pregnancy; they simply have not encountered this variant of PfEMP1 previously, and 
therefore have no antibody response mounted against it [Duffy & Fried 2003].  
 
,PPXQH�UHVSRQVHV�DJDLQVW�3I(03���
Humoral immune-responses mounted against VSAs on iRBC are important in the protection 
for 3�IDOFLSDUXP-malaria and belived to strongly contribute to the development of natural 
clinical immunity [Bull et al. 1998, Dodoo et al. 2001]. Further research has shown that 
PfEMP1 is an important target for these antibodies and that clinically immune people possess 
a repertoire of antibodies that target the different variants of this protein. In experiments 
where they studied parasite-isolates from infected children in endemic areas, it was found that 
certain isolates were frequently recognised by plasma from other children in the same area, 
while other isolates were rarely recognised. The frequently recognised isolates were 
connected to severe disease and had less or no binding to CD36, whereas the rarely 
recognised were associated with a milder malaria and much higher affinity for CD36 
[Robinson et al. 2003, Bull et al. 1999]. This reasoning agrees well with the finding that 
immunity to severe malaria is acquired after only one or two infections [Gupta et al. 1999], 
while immunity to mild malaria seldom is complete. 
  
�
�
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$LP 
The main purpose of this project was to clone and to optimise expression of�'%/� -tags from 
various YDU-genes. Recombinant '%/� -tags were then used to investigate whether they are 
recognised by antibodies in serum from children in Kenya. 
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5HVXOWV�
�
&ORQLQJ�DQG�WUDQVIRUPDWLRQ��
PCR-amplificatiRQ�RI����GLIIHUHQW�'%/� -tags originating from�3��IDOFLSDUXP laboratory line 
A4 was performed. '%/� -tags 6, 14, 32, 41 and 43 were included in this study based on the 
work by Horrocks and colleagues. They found that YDU 6 is a commonly expressed variant and 
that YDU 14 is expressed in an exclusive manner compared to other YDU-genes [Horrocks et al. 
2004]. 9DU-genes 14, 19 and 43 mediate rosetting as shown in the same study which is 
associated with severe malarial disease [Carlson et al. 1990]. Furthermore, the YDU 41-
transcript was found to increase at a steady rate in different parasite-clones during culturing 
for 40 generations (see introduction for more details). Tags 8 and 9 were selected since these 
YDU-genes encode PfEMP1 that are predicted not to bind CD36 [Robinson et al. 2003, 
Horrocks et al. 2004], a property shared by almost all PfEMP1-variants. The protein-tags 
derived from YDU-genes 3 and 4, were amplified since these genes have unusual domain-
structures. 9DU 3 is very short and lack CIDR-domains whereas YDU 4 is longer but lack both 
CIDR-GRPDLQV�DQG�D�'%/ -GRPDLQ��VLQFH�WKH�DPSOLFRQ�FRUUHVSRQGV�WR�WKH�'%/� -tag 
sequence of the other YDU-JHQHV��LW�ZLOO�VWLOO�EH�UHIHUUHG�WR�DV�'%/� -tag 4 in this paper) 
[Gardner et al. 2002]. Tags 10, 17, 21, 27, and 34 were selected primarily to include tags 
representing group���DQG����EXW�DOVR�RQH�PRUH�WDJ�IURP�JURXS����7KH����'%/� -tags chosen 
for this study (table1) were amplified either from vectors or genomic DNA (fig. 3). A 
negative control without template was included to control for false positive results due to 
DNA contamination of any of the reagents. On the gel, bands around 400 basepairs could be 
seen, which corresponded well with the actual sequence sizes between 356 and 434 bp (table 
1). Amplification was successful for all the tags. 
� �
�

�������� �)LJXUH����3&5�SURGXFWV�IURP�DPSOLILFDWLRQ�RI�'%/� �WDJV��
Ethidium bromide stained agarose gel showing the products obtained after PCR-DPSOLILFDWLRQ�RI�WKH�'%/� -
tags. Number of the tags are indicated above each lane (- = negative control at PCR with universal primers, -3 
and -4 = negative control at amplification of tag 3 and 4, respectively). The size of the products is indicated by 
size-PDUNHU�ZLWK�EDQGV�HYHU\�����EDVHSDLU��$OO�'%/� -tags except 3 and 4 were previously cloned and here 
amplified from vectors using universal primers while tags 3 and 4 were amplified from genomic DNA using 
specific primers.  
  
All PCR-products were ligated into expression vectors and the ligation mixtures transformed 
into TOP10 chemically competent (��FROL. Colonies were screened using PCR to identify 
vectors with DB/� -tags inserted in the correct orientation. Since the vectors have a T7 
promoter just upstream of the cloning site, a T7 promoter primer could be used together with 
WKH�'%/ %5�UHYHUVH�SULPHU��8VLQJ�WKHVH�SULPHUV�LQ�D�3&5��D�SURGXFW�EHWZHHQ�����DQG�����
basepairs was expected when the insert was in the correct orientation. Moreover, the PCR 
would not produce a fragment if neither plasmids lacking an insert nor plasmids with insert in 
the wrong orientation were used in the reaction. Plasmids with the inserteG�'%/� -tag in the 
correct orientaion were obtained for all 15 tags.  

200  

           ��������������������������������������������������������������������������������

400 
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3ODVPLGV�IURP�FXOWXUHV�ZLWK�WKH�'%/� -tag inserted in the correct orientation were purified 
and samples were sent for sequencing. The results obtained from the sequencing were 
analysed in BioEdit��'%/� -tags 4, 6, 8, 14, 17, 19, 21, 27, 32 and 34 had the right sequence 
LQVHUWHG�LQ�IUDPH�LQWR�WKH�YHFWRU��'%/� -tags 3, 41 and 43 were not cloned but the vectors 
FRQWDLQHG�XQNQRZQ�VHTXHQFHV��7KH�YHFWRUV�WKDW�ZHUH�VXSSRVHG�WR�FRQWDLQ�'%/� -9 and 10, 
WXUQHG�RXW�WR�KDYH�LQVHUWV�WKDW�DOLJQHG�ZLWK�'%/� -11 and 16, respectively.    
 
3ODVPLGV�FRQWDLQLQJ�FRUUHFWO\�LQVHUWHG�'%/� -tags were transformed into BL21 (��FROL to use 
for protein expression. BL21 (��FROL�contains an IPTG-inducible lac-promoter that controls 
the expression of the T7 RNA-polymerase gene. This means that addition of IPTG to a culture 
of BL21 (��FROL�induces expression of T7 RNA-polymerase and since the vectors with 
'%/� -tag inserts use an upstream T7 promoter, the tag-insert will be transcribed. 
 
3URWHLQ�H[SUHVVLRQ�
([SUHVVLRQ�RI�UHFRPELQDQW�'%/� -tags had not been done previously. In order to identify 
clones suitable for large scale protein-expression, test-expressions were first performed. I did 
not succeed in inducing expression�RI�'%/� -tags 32 and 34. For all other tags the test-
expressions allowed to identify colonies with good expression of the recombinant protein, 
which was subsequently used for expression of the protein in a 100 ml culture (fig. 4A, lane 1 
and 2). Over-expression of proteins in a prokaryot like (��FROL often results in the formation of 
inclusion bodies. Here, the proteins do not fold correctly and form insoluble aggregates. After 
lysis and centrifugation of the IPTG-induced cultures, samples from both supernatant and 
pellet were analysed with SDS-PAGE since it is impossible to predict which proteins will be 
VROXEOH��7KH�UHVXOWV�LQGLFDWHG�WKDW�DOO�'%/� -tags expressed formed inclusion bodies and 
therefore stayed in the pellet after lysis (fig. 4A, lane 3 and 4). Hence, the pellet were 
resuspended in denaturing buffer (urea added as the denaturing agent) and purified under 
denaturing conditions using a nickel-column. According to the manufacturer´s 
recommendations a second wash buffer with a pH-value of 5.3 should be used to wash the 
column, this one was however excluded since it eluted the protein-tag and the samples 
seemed clean enough using only the first wash (wash buffer with pH-value 6.0). At elution, 
the recombinant protein-tags were collected in 2 ml-fractions (fig. 4B). For�'%/� -tags 19 
and 27 purification was not successful and no proteins could be found after analysing elution-
samples.    �
 

�  
)LJXUH����5HSUHVHQWDWLYH�SURWHLQ�JHOV�IURP�H[SUHVVLRQ��O\VLV�DQG�SXULILFDWLRQ�   
$� Expression and l\VLV�RI�'%/� -tag 14 with uninduced (1) and induced (2) samples from expression and 
samples from supernatant (3) and pellet (4) after lysis and centrifugation.  
%� Samples from 2 ml-IUDFWLRQV�FROOHFWHG�DW�HOXWLRQ�RI�'%/� -tag 21 from nickel-column. 
 

������$� ����%�

��������������������
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In shoUW��'%/� -tags 4, 6, 8, 14, 17 and 21 were successfully purified after expression and 
were refolded step-wise against decreasing concentrations of urea. Tags 6, 14, 17 and 21 all 
have four cysteine-residues while tag 4 contain three and tag 8 two.  
 
(/,6$�
In order to investigate if antibodies (IgG)�PRXQWHG�DJDLQVW�DQ\�'%/� -tags could be found; 
ELISA�ZDV�SHUIRUPHG�ZLWK�IRXU�UHFRPELQDQW�'%/� -tags; 6, 14, 17, 21, and serum-samples 
from 84 children in Ngrenya, Kenya. Due to lack of time, ELISA was not performed with tags 
4 and 8. The lowest absorbance that signified a response was determined for each plate, but 
IRU�'%/� -6 one plate gave an unreasonable value, and the value of the other plate was used 
instead. Number of antibody-responses for each tag and for each child was determined.  
�
The median age of all children was 63 months ranging from 20 to 106 months. To see if the 
strength of the antibody-response increased with age, absorbance for each protein-tag was 
plotted against age (fig. 5). When children without a response were excluded a significant 
FRUUHODWLRQ��S �������ZDV�IRXQG�IRU�'%/� -tag 6. This showed that the antibody-response for 
'%/� -tag 6 increased with age. When comparing responses in children who carried 
parasites at the time of the survey (n=12) with children without parasites, a significant 
difference was found; all children with parasites had positive antibody-response to at least one 
RI�WKH�'%/� -tags (chi-square = 4.9, p=0.026, data not shown).  
 
Out of 84 children; 42 had a positive antibody response to tag 6, 13 to tag 14, 27 to tag 17 and 
55 had a response to tag 21. To investigate whether children who had a response to one tag 
where more likely to respond to any of the other tags, Spearman’s rho correlation coefficient 
was calculated (table 2). The level of antibody-response to one tag correlated with level of 
antibody-responses to all other tags. 
 
7DEOH����7DEOH�RI�WKH�'%/� �WDJV�DQG�ZKDW�ZDV�SHUIRUPHG�IRU�HDFK�SURWHLQ�WDJ� Sequence-lengths do not 
include primers (31 bp). Molecular weights do not include primer sequences or the extra aminoacids from the 
vector before the stop-codon included in the recombinant protein-tags, which were estimated to about 8kDa 
using BioEdit.    
7DJ�
QU��

$FFHVVLRQ�
QU��

/HQJWK�
�ES��

([SHFWHG�
PROHFXODU�
ZHLJKW�N'D��

*URXS�
�

&ORQLQJ� ([SU�� 3XULI�� (/,6$�

�� - 353 - -(cys2) - - - - 
�� - 337 - -(cys3) X X X - 
�� AJ319684 403 14.5 4 X X X X 
�� AJ319686 346 12.2 1 X X X - 
�� AJ319687 352 12.5 1 - - - - 
��� AJ319688 349 13.8 3 - - - - 
��� AJ319692 346 12.4 4 X X X X 
��� AJ319695 364 13.3 4 X X X X 
��� AJ319697 352 12.3 1 X X - - 
��� AJ319699 325 11.3 5 X X X X 
��� AJ319704 346 12.9 3 X X - - 
��� AJ319708 406 14.6 4 X - - - 
��� AJ319709 346 13.2 3 X - - - 
��� AJ319711 376 13.8 4 - - - - 
��� AJ319712 371 13.3 4 - - - - 
�
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Graphs with absorbance plotted against the children’s age in months. A line is drawn at the lowest absorbance 
that signified an antibody-response. For tags 14, 17 and 21, the line is drawn at the mean-value of the two plates.  
Please observe that the scale on the y-axis is different on all four tags.  
 
 
 
�
7DEOH����7DEOH�ZLWK�FRUUHODWLRQ�FRHIILFLHQW�DQG�S�YDOXH�IURP�FDOFXODWLRQV�XVLQJ�6SHDUPDQ¶V�UKR�  
The level of antibody-response to one tag correlated with level of antibody-responses to all other tags. All 
correlation coefficients are significant at the 0.01 level (2-tailed).� 
 '%/� ��� '%/� ���� '%/� ���� '%/� ����
'%/� �����correlation 
                   p-value 
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'LVFXVVLRQ�
 
PfEMP1 is expressed on the surface of 3�IDOFLSDUXP iRBC and undergoes clonal antigenic 
variation [Gardner et al. 2002, Xin-Zhuan et al. 1995]. It is encoded by approximately 60 
highly variant YDU-genes and has antibodies mounted against it in clinically immune 
individuals that is believed to strongly contribute to the immunity [Bull et al., Gardner et al. 
2002]. Hence, it has long been of interest to map the structural and functional properties of 
this protein and to elucidate the immune-responses towards the different variants. In 2005 
Bull and colleagues found that structural properties of PfEMP1 are reflected in a specific 
region of DBL1 -GRPDLQ��WKH�'%/� -tag. In the same study they were able to divide these 
into six groups based on number of cysteine-residues and positions of limited variability 
(PoLV) situated directly adjacent to conserved aminoacids [Bull et al. 2005]. Since it is 
possible to PCR-DPSOLI\�WKH�'%/� -tag from nearly all var-genes using universal primers 
[Taylor et al. 2000], and the tag gives structural and thereby functional information about the 
YDU-genes, it could be a useful tool when typing field isolates. In addition, if the tag contains 
epitopes for T-cell and B-FHOO�UHVSRQVHV��UHFRPELQDQW�H[SUHVVHG�'%/� -tag peptides could be 
used to characterise immune responses to individual PfEMP1 molecules.     
 
The aim of this project was to establish recombinant expression of the�'%/� -tag from 
several different var-genes. Furthermore, the recombinant protein-tags were used in ELISAs 
to determine whether children living in an endemic area in Kenya had antibody-responses 
mounted against any of these protein-tags. 
 
&ORQLQJ�DQG�H[SUHVVLRQ�RI�'%/� �WDJV�
'%/� -tags derived from 15 different YDU-genes were re-cloned into expression vectors. All 
but two, tag 3 and 4, had been cloned previously and were PCR-amplified from vectors that 
were not suitable for protein expression. Tags 3 and 4 were amplified from genomic DNA 
ZLWK�VSHFLILF�SULPHUV��%HIRUH�SURWHLQ�H[SUHVVLRQ��DOO�FORQHG�'%/� -tags were sent for 
sequencing which showed that five vectors had the wrong insert sequence of which three were 
unknown. The inserts of tags 9 and 10 turned out to be the sequences for DBL1 -tag 11 and 
16, respectively. This probably means that the tubes containing the vectors used as template, 
were labelled wrongly or that I mixed up the tubes when preparing my PCR-samples. The 
source of error for the other tags that failed to be cloned is probably at the level of PCR-
amplification.   
 
Of the ten vectors with correct sequences, tags 32 and 34 were not possible to express. It is 
possible that the resulting peptides were toxic to (��FROL. One possible strategy around this 
problem would be to lower the temperature at which the bacteria are induced to allow a 
slower rate of protein expression. Although tags 19 and 27 readily expressed, they were not 
eluted from the column during purification suggesting strong non-specific interaction of the 
peptides with the column material. Again, it may be possible to resolve this problem by 
testing different buffers for binding of the peptides to, and elution from, the column. 
All but two tags that were successfully purified contain four cysteine-residues. At dialysis, 
almost all tags were precipitated at 0 M urea, but they resolved after gentle resuspension.  
 
+XPRUDO�LPPXQH�UHVSRQVHV�LQ�.HQ\DQ�FKLOGUHQ�WR�'%/� �WDJV�DVVHVVHG�E\�(/,6$�
In order to address�ZKHWKHU�WKH�'%/� -tags contain epitopes that are target of antibody 
responses induced by natural infection, ELISAs were performed using serum-samples from 
84 children in Kilifi, Kenya and the recombinant DBL1 -tags 6, 14, 17 and 21 as targets. 
When comparing the number of positive antibody-responses to each tag, DBL1 -tag 21 had 
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the highest number with 55 children responding to it. This could indicate that it is the most 
commonly expressed variant of these four, or that this variant is well recognised because it is 
more immunogenic than the others. In a study by Horrocks and colleagues where they 
determined the repertoire of YDU-genes expressed in 38 clones of the A4 laboratory line, YDU 6 
was the most commonly expressed variant by far [Horrocks et al. 2004]. In this work, 
'%/� -tag 6 was recognised by sera from 42 children. This is more than the remaining two 
tags; 14 (13 responses) and 17 (27 responses). Investigating if the level of antibody-response 
increased with age and therefore exposure, showed that only the response to tag 6 correlated 
with age. The theory that a repertoire of antibodies mounted against different variants of 
PfEMP1 is important for the natural development of clinical immunity, and that the size of 
this repertoire is strongly correlated to age, is well recognised [Newbold et al. 1997]. That this 
correlation not was observed for the other tags, could depend on that the age-span was not 
wide enough in those children that recognised these tags or that they are not as commonly 
expressed as tag 6��'%/� -tag 14 had the lowest number of responses, which suggests that it 
is the least recognised out of these four YDU-genes.   
 
When comparing the level of responses between the tags, it turned out that they correlated. 
For instance, a child with a positive response to one tag was more likely to respond to another 
tag. Furthermore all children with parasites in the blood at the time survey had positive 
antibody-UHVSRQVH�WR�DW�OHDVW�RQH�RI�WKH�WDJV��7KH�'%/� -tags used in the ELISA are derived 
from a laboratory line and it is therefore unlikely that the var-genes represented by these tags 
are expressed in field isolates. Therefore, it seems likely that some of the antibody responses 
detected are cross-reactive antibodies. Cross-reactive antibodies against different variants of 
PfEMP1 have been detected previously [Chattopadhyay et al. 2003]. To formally proof this 
hypothesis, it would be necessary to purify antibodies specific for one tag and analyse 
whether they bind to another tag.  
 
This investigation shows that antibody-UHVSRQVHV�WRZDUGV�WKH�'%/� -tags can be found in the 
serum from malaria-exposed children. How much of these responses that are specific and how 
much is due to cross-reactivity can not be determined based on these results. In this study, a 
ILUVW�SURWRFRO�IRU�WKH�H[SUHVVLRQ�RI�WKH�'%/� -tag has been established that, though it could 
EH�RSWLPLVHG�IXUWKHU��VKRZV�WKDW�LW�LV�SRVVLEOH�WR�H[SUHVV�UHFRPELQDQW�'%/� -tags. 
Furthermore these protein-tags, although short, contain some B-cell epitopes and can be used 
to type immune responses to individual var genes expressed by field isolates [Bull et al. 2005, 
Taylor et al. 2000].  
 
 
 
 
 
 
 
 
 
 
 
 
 

�
�
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0DWHULDO�DQG�PHWKRGV�
�
&ORQLQJ��
�
3&5�DPSOLILFDWLRQ�
,Q�RUGHU�WR�FORQH�DQG�ODWHU�H[SUHVV�WKH�GLIIHUHQW�'%/� -tags, the sequences were first PCR-
amplified using universal primers '%/ $)���¶-GCACG(A/C)AGTTT(C/T)GC-3’) and 
'%/ %5���¶-GCCCATTC(G/C)TCGAACCA-3’) [Taylor et al. 2000]. All tags but two had 
been cloned previously (from 3��IDOFLSDUXP laboratory line A4) and these vectors were used 
as template. PCR was performed using 0.2 ml PCR-tubes and samples of 25 µl with the 
following final concentrations:  1x NH4

+ buffer (Bioline), 3 mM MgCl2, 0.8 mM dNTP’s, 0.4 
�0�'%/ $)�DQG�'%/ %5��UHVSHFWLYHO\����XQLWV�RI�7DT�SRO\PHUDse (Bioline) and about 10 
ng vector DNA. A negative control without template was included. Cycling conditions used 
in the amplification were 92°C for 2 minutes followed by 35 cycles of 92°C for 30 seconds, 
43°C for 30 seconds and 65°C for 30 seconds. In the final cycle an extra extension at 65°C for 
10 minutes was added.   
 
'%/� -WDJV���DQG���ZHUH�DPSOLILHG�IURP�JHQRPLF�'1$�XVLQJ�VSHFLILF�SULPHUV�YDU�'%/ $)�
(5’-GCAAGAAGTTTTGC-�¶���YDU�'%/ %5���¶-TCTTAAGCG TTGAGGGA-3’), 
YDU�'%/ $)���¶-GAAAGAAGTTTTGC-�¶��DQG�YDU�'%/ %5���¶-
CCTTAAGAATTGAGGGA-3’). PCR was performed as above but 40 ng of genomic DNA 
from 3��IDOFLSDUXP laboratory line A4 served as template in the reactions.  
 
All PCR-products were visualised in an electrophoresis using a 1% agarose gel stained in 
ethidium bromide.  
�
/LJDWLRQ� 
The PCR-DPSOLILHG�'%/� -tags were cloned in expression vectors pCR T7/NT-TOPO (pCR 
T7 TOPO TA Expression kits, Invitrogen) and pEXP5-NT/TOPO (pEXP5-TOPO TA 
Expression kits, Invitrogen), both containing an N-terminal His-tag. Ligation was performed 
according to manufacturer’s recommendations. In brief, between 1 and 2 µl PCR-product was 
mixed with vector and salt and the reaction was incubated at room temperature for 5 minutes 
(pCR T7/NT-TOPO) or 30 minutes (pEXP5-NT/TOPO). Ligation reactions were stored at 
4°C and transformed within 48 hours.�
�
7UDQVIRUPDWLRQ�LQWR�723���FHOOV�
Transformation was performed according to manufacturer’s recommendation (pEXP5-TOPO 
TA Expression kits, Invitrogen). For each transformation 25 µl TOP10 chemically competent 
(��FROL (Invitrogen) were mixed with 2 µl of ligation reaction and incubated on ice for 30 
minutes before heat-shock at 42°C in a water-filled heat-block. After addition of 250 µl SOC-
medium (2 % tryptone, 0.5 % yeast extract, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl2, 
10mM MgSO4, 20 mM glucose) cells were incubated at 37°C with shaking for 1 hour. 
Subsequently, 100 µl bacteria were spread on LB (Luria broth: 1 % peptone, 0.5 % yeast 
extract, 1 % NaCl)-agar plates containing 100 µg ampicillin /ml. Plates were incubated at 
37°C overnight.�
6FUHHQLQJ�RI�FRORQLHV�����������������������������������������������������������������������������������������������������������������
In order to identify recombinants with insert in the correct orientation, a PCR was performed 
ZLWK�WKH�'%/ %5�SULPHU�DQG�D�7��SURPRWRU�SULPHU���¶-TAATACGACTCACTATAGGG-
3’). Transformed TOP10-colonies were picked and grown overnight in 2 ml LB with 100 µg 
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ampicillin /ml, 10µl culture was removed, diluted 1:10 with water and boiled for 5 minutes to 
break up cells and free the plasmid. PCR-samples were prepared with 5 µl of boiled overnight 
culture prepared as template and the following final concentrations of: 1x NH4

+ buffer 
(Bioline), 3 mM MgCl2,�����P0�G173¶V��DQG������0�7��SURPRWRU�SULPHU�DQG�'%/ %5��
respectively. Temperature cycling applied started with 92°C for 2 minutes followed by 35 
cycles of 92°C for 30 seconds, 42°C for 30 seconds and 65°C for 1 minute. When a PCR-
product of the correct size was obtained, plasmids were purified from the corresponding over-
night culture according to manufacturer’s protocol (Fastplasmid Mini, Eppendorf). Purified 
plasmid samples were sent for sequencing in house using ABI cappillary automated 
sequencer. 

7UDQVIRUPDWLRQ�LQWR�%/���FHOOV                                                                                       
Purified plasmids were transformed into BL21(DE3)pLysS (��FROL cells (Invitrogen) 
essentially as recommended by manufacturer. Briefly, 25 µl of cells and 0.5 µl purified 
plasmid were used for each transformation. The mixture was kept on ice for 30 minutes 
before heat-shock at 42°C and addition of 250 µl SOC medium. The cells were incubated for 
30 minutes at 37°C with shaking (200 rpm) and 20 µl were spread on ampicillin-containing 
LB-agar plates. 

([SUHVVLRQ�DQG�SXULILFDWLRQ�
6'6�3$*(�                                                                                                                        
During expression and purification of the DBL1 -tags, SDS-PAGE (Sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis) was frequently used to analyse results. Each 
time 12 % polyacrylamide-gels (polyacrylamide supplied as Protogel, National Diagnostics) 
were used and electrophoresis was performed at 30 mA per gel. Samples were mixed with a 
reducing sample buffer (10% SDS (10%), 5% 1M Tris HCl, 5% 2-mercaptoethanol, 5% 
glycerol, 5% bromophenol blue (0.01%)) and boiled for a couple of minutes before loaded 
onto the gel. Gels were stained with Coomassie blue dye (0.125% Coomassie brilliant blue R-
250, 25 % isopropanol, 10% acetic acid) for about 15 minutes and destained (destain solution: 
20 % methanol, 10 % acetic acid) to visulise protein bands.  

([SUHVVLRQ����������������������������������������������������������������������������������������������������������������������������
Since ability for expression can differ between (��FROL clones a small-scale testexpression was 
initially performed to identify and choose specific clones for a large-scale protein expression. 
For each tag, two to four colonies were picked and grown overnight at 37°C with shaking. 
The following day, 6 ml LB medium with 100 µg ampicillin/ml and 34 µg 
chloramphenicol/ml was inoculated 1:50 with the overnight culture. The cells were grown at 
37°C with shaking until OD600 was between 0.4 and 0.8. The culture was then split in two 
fractions and half was left untreated whereas protein expression was induced in the other half 
by adding IPTG (Isopropyl-ß-D-thiogalactopyranosid) to a final concentration of 0.5mM. 
Thereafter, both induced and uninduced cultures were grown for another 3 to 5 hours. 
Aliquots of 500 µl were removed both before and after induction, centrifuged and analysed 
using SDS-PAGE to visualise the result of the induced expression.��������
The colony with the best induction of protein expression for a given protein-tag was chosen. 
The uninduced half was used to inoculate an overnight culture from which a 100 ml culture 
was prepared the following day. Cells were grown to an OD of 0.4 to 0.6 and protein 
expression was induced by addition of IPTG as described above. The culture was incubated 
between 4 and 6 hours before it was spun at 16000g for 5 minutes. Supernatant was discarded 
and pellet stored at -20°C until lysis and protein purification.                                                                                     
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&HOO�O\VLV���������������������������������������������������������������������������������������������������������������������������������
Lysis�of cells was obtained using BugBuster protein extraction reagent (Novagen)�and was 
performed�according to manufacturer’s instructions. In brief, pellet from 50 ml culture was 
resuspended in 2.5 ml of BugBuster solution containing 1/1000 Benzonase nuclease 
(Novagen) to reduce viscosity due to release of chromosomal DNA. The suspension was 
thereafter slowly mixed on MacsMix (Miltenyi Biotec) for 20 minutes before centrifugation at 
16000g for 20 minutes at 4°C. Samples from both supernatant and pellet were analysed with 
SDS-PAGE. When the recombinant protein was present in the pellet, it was resuspended in 
denaturing binding buffer (8M urea, 20mM NaPO4 - pH 7.8, 500mM NaCl) before 
purification.  

3URWHLQ�SXULILFDWLRQ                                                                                                               
7KH�'%/� -tags were purified using a nickel-column (Ni-NTA purification system, 
Invitrogen) and was performed according to manufacturer’s recommendations for denaturing 
conditions. Briefly, the column was equilibrated by running through 20 ml of denaturing 
binding buffer (8M urea, 20mM NaPO4 - pH 7.8, 500mM NaCl) before loading of the 
solubilised protein-tag diluted to 50 ml in the same buffer. Thereafter the column was washed 
with 50 ml of denaturing wash buffer (8M urea, 20mM NaPO4 – pH 6.0, 500 mM NaCl) 
before addition of 15 ml of denaturing elution buffer (8M urea, 20mM NaPO4 – pH 4.0, 500 
mM NaCl). Eluted protein was collected in 2 ml-fractions. Flow through from loading of 
solubilised pellet, wash buffer and the individual elution fractions were analysed with SDS-
PAGE. The protein-concentration in those fractions containing eluted protein of the expected 
size was measured using BCA protein assay kit (Pierce). Fractions containing the protein-tag 
were pooled and dialysed step-wise against decreasing concentrations of urea in a buffer 
containing 20mM Tris, 200mM NaCl and 5% glycerol to renature the protein. The 
concentrations of urea were as follows: 8M, 6M, 4M, 2M, 1M and 0M. The protein-
concentration in dialysed samples was thereafter determined.  

'HWHUPLQDWLRQ�RI�SURWHLQ�FRQFHQWUDWLRQ                                                                          
Protein concentration was measured using the BCA protein assay kit. BSA (bovine serum 
albumin) standard samples with known concentrations between 25 and 1000 µg/ml were 
prepared and 25µl of these were mixed with 200 µl reagent solution (included in the kit) in a 
microplate. In the same manner samples with unknown concentration were also added to the 
plate (undiluted) and mixed with the reagent. After incubation in 37°C absorbance was 
mesured at 570 nm in a plate reader (MRX. TC Revelation Thermo labsystems). Protein-
concentration could thereafter be determined by comparing unknown samples with the 
standard curve obtained from the standard samples.  

,PPXQRDVVD\V�
(/,6$��HQ]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\�����������������������������������������������������������������������������������������������������������������������������������������������������
,Q�RUGHU�WR�LQYHVWLJDWH�ZKHWKHU�DQ\�RI�WKH�UHFRPELQDQW�'%/� -tags serve as antibody-
epitopes, ELISA using plasma samples from malaria-exposed children (provided by B. 
Urban) was performed. The samples tested were collected from 84 children in Ngerenya, 
Kilifi district, Kenya during October 2003 (low transmission period). The children were 
clinically examined at the time of the survey and data like age, height, weight and presence of 
3��IDOFLSDUXP were determined. �
To optimise the protocol, an initial test-ELISA was performed. Here, two different 
concentrations of the recombinant protein-tag (1µg/ml and 3µg/ml) diluted in both PBS 
(phosphate buffered saline, pH 7.5) and 0.1 M carbonate-bicarbonate buffer (pH 9.5) were 
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tested together with different dilutions of pools of serum donated by adults in Kilifi, Kenya 
and Brefet, Gambia, respectively. Sample from a serum-pool from non-exposed individuals 
living in the UK was used as a negative control.  

After optimisation the following ELISA conditions were used for each protein-tag tested. 
Plates were first coated overnight with 100µl 1µg/ml recombinant protein-tag diluted in 0.1M 
carbonate-bicarbonate buffer, pH 9.5. The next day plates were first washed three times with 
PBS+0.05% Tween, before wells were blocked using 200µl PBS+1% BSA (bovine serum 
albumin) at room temperature for one hour. Plates were washed three times with PBS+0.05% 
Tween. Serum-samples were diluted 1:100 in PBS+1% BSA and 100µl of the dilution was 
added in duplicate wells. Plates were incubated with serum samples at room temperature for 
two hours and then washed six times. Polyclonal rabbit-anti-human IgG conjugated to HRP 
(DakoCytomation) was used as detection antibody. The antibody was diluted according to 
manufacturer´s recommendations in PBS+1% BSA and 100µl were added to each well and 
plates were incubated for one hour at room temperature. Plates were therafter washed six 
times before addition of 200 µl OPD (o-phenylenediamine dihydrochloride) substrate and 
incubation in the dark. After 15-20 minutes, 50µl of 2M H2SO4 was added to each well to 
stop the reaction, and absorbance was read at 490 nm in a plate reader. 

As negative control, pooled serum from non-exposed UK blood donors was used. Pools of 
serum from immune adults living in Kilifi, Kenya and Brefet, Gambia, respectively, were 
added as positive controls.  

6WDWLVWLFV�����������������������������������������������������������������������������������������������������������������������������������
An antibody- response was considered positive if the mean OD value of a serum sample was 
above the mean of the UK-samples plus 2 times their standard deviation. This response-value 
was determined for each plate (2 plates for each tag). To determine if any significant relation 
could be found between strength of antibody-response and age of the children, Spearman’s 
rho correlation coefficient was calculated. In this calculation children without a response were 
excluded.  

To find if children with parasites in their blood at the time of the survey were more likely to 
have an antibody-response to at least one of the protein-tags Pearson’s chi-square test was 
used. In order to see if the level of antibody-UHVSRQVH�WR�RQH�'%/� -tag was correlated to the 
level of antibody-responses to the other tags, the tags were compared in pairs and Spearman’s 
rho correlation coefficient was calculated for each.  

 

 

�
�
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