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Abstract 

Structural diversity in a 45 kDa surface antigen on Plasmodium falciparum merozoites (termed GYMSSA, MSP-2 or MSA-2) and 
other candidate molecules for developing a malaria vaccine need to be investigated in parasites obtained directly from patients in different 
malaria endemic countries. A double-stranded DNA sequencing method suitable for this purpose, and also for studying diversity in genes 
of other haploid cells, is described. A first round polymerase chain reaction (PCR) on DNA isolated from blood was carried out with a 
primer containing the GCN4 binding site to amplify and subsequently purify the coding region of the MSA-2 gene on GCN4 coated 
tubes. A second round PCR with more internal primers incorporating M13 forward and reverse primer sequences was then performed. 
Cycle sequencing was done with unlabelled M13 primers and [a- 3 5 S]dATP by the dideoxynucleotide procedure. Two different allelic 
forms of MSA-2 were identified in samples of Plasmodium falciparum from patients in Sri Lanka. 
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1. Introduction 

T Variation in the sequences of enzymes and antigens of 
the human malaria parasite Plasmodium falciparum occur 
under drug [1] and immune [2] selection pressure. The 
frequency of different alleles of a 1 8 5 - 2 0 0 kDa precursor 
to the major merozoite surface antigen (MSA-1) , a candi­
date molecule for a synthetic malaria vaccine, in parasites 
directly isolated from patients is different from those found 
in in vitro cultured P. falciparum [3]. Variant proteins are 
therefore best studied in parasites isolated directly from 
patients without adaptation to culture. Strain-specific 
markers for malaria parasites are also useful in epidemio­
logical studies. Determination of silent mutations, that do 
not affect protein structure and therefore antigenicity, re­
quires a method for determining parasite D N A sequence 
from small samples of infected blood. The haploid genome 

Abbreviations: ds DNA, double-stranded DNA; MSA, merozoite sur­
face antigen; NTP, nucleoside triphosphate 
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of blood stage Plasmodium is an advantage for this pur­
pose. 

A 45-kDa glycosylated and myristilated smaller surface 
antigen ( G Y M S S A , MSP-2 or M S A - 2 ) on P. falciparum 
merozoites is another candidate for vaccine development 
since antibodies against this molecule inhibit parasite 
growth and reinvasion in in vitro cultures [4,5]. T w o allelic 
forms of M S A - 2 in in vitro culture lines of P. falciparum 
represented by sequences in the K l or FC27 isolates [6,7] 
and 3 D 7 or Camp isolates [8,9] differing chiefly in a 
central region containing repetitive sequences, have been 
identified. Within each allele occur sub-families [9] and 
there is limited recombination between alleles [10]. 

The polymerase chain reaction (PCR) can be used to 
amplify a target double-stranded D N A (ds D N A ) sequence 
[11] which can then be single strand-sequenced after 
cloning into M 1 3 or after isolating one of the strands [12]. 
However, this procedure is time-consuming and therefore 
methods have been developed for directly sequencing ds-
D N A by cycle sequencing (or linear PCR) with dye [13] or 
3 2 P- labe l l ed primers [14]. W e report here on the use of a 
simple manual PCR-based sequencing technique for ds-
D N A utilising unlabelled primers and [ 3 5 S ] d A T P to 
demonstrate polymorphism of M S A - 2 in Sri Lanka. 
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