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SUMMARY : Detection of Plasmodium falciparum malaria by a specific DNA 
probe is a highly promising means for epidemiological surveillance of 
human malaria. However, none of presently available DNA probe methods 
could detect as little as a few parasites in infected blood. By 
amplification of a specific 206 base pairs P. falciparum DNA sequence 
using the polymerase chain reaction (PCR), as little as 0.01 picogram 
DNA or one-half of a parasite was sufficient for a specific detection. 
A PC}{ procedure for detection of P. falciparum in infected blood without 
prior DNA extraction was also developed which was sensitive for a single 
parasite. The procedure was simple and should be applicable for a large 
scale epidemiological study involving a very low parasitemia situation. 
© 1991 Academic Press, Inc. 

A highly sensitive detection of parasites is essential for 

epidemiological surveillance and in monitoring the effectiveness of 

therapeutic protocols. Nucleic acid hybridization is a promising means 

for specific and sensitive detection of parasites. Detection of 

parasites by nucleic acid hybridization depends for its specificity on 

the identification of parasite specific DNA sequence which is absent in 

the host and other closely related parasites. Several specific DNA 

probes for detection of P. falciparumhave been developed (1-9) which 

could identify the parasites varying in number from 50 to 5,000. All 

these DNA probes except one (7) are based on specific nucleic acid 

hybridization to the target parasite chromosome which in blood stage is 

haploid. Although the DNA probes are usually derived from highly 
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Abbreviations: bp, base pairs; PCR, polymerase 
picogram. 

chain reaction; pg, 
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repetitive DNA sequences, none of the repeats exceeds one tenth of the 

total DNA content. A specific DNA sequence can be amplified by the 

polymerase chain reaction to millions of copies (i0). Thus, it should 

be possible to amplify P. falciparum target DNA so as to increase the 

sensitivity of detection by DNA probe. Here we report the use of a set 

of primers derived from a cloned repetitive DNA specific to P. falciparum 

(8) to amplify the target DNA to the level that a single parasite in an 

infected blood was easily detected. 

MATERIALS AND MEIHODS 

Parasite material. P. falciparum K1 strain used for the DNA 
isolation was obtained by in vitro culture. The DNA was extracted from 
the parasites by pronase digestion and phenol extraction as previously 
described (8). The amount of DNA was calculated from the absorption 
spectra (20 O.D.260n m = 1 mg/ml). P. falciparumwas also obtained from 
patients blood. 

DNA amplificaLion. DNA was amplified by the polymerase chain 
reaction as follows : varying amount of DNA was used in 50 ul Reaction 
Mixture containing Reaction Buffer (I0 mM Tris-HCl pH 8.3, 50 mM KCI, 
1.5 mM MgCl2, 0.01% gelatin),  200 uM each of dATP, dGTP, dCTP and dTrP, 
1 uM each of the primers ( 5 ' -CGCTACATATGCTAGTrGCCAGAC-3 ' and 5 ' -  
CGTGTACCATACATCCTACCAAC-3') and 2.5 units of Taq polymerase (Cetus). The 
mixture was overlaid with mineral oil and the amplification cycle was 1 
rain at 94°C, i rain at 45°C and 3 rain at 72°C. The primers were designed 
from the 753 bp insert of pBRKI-14, whose sequence has been deposited 
with the UNDP/World Bank/WHO-TDR Malaria Sequence database. 

Amplification of DNA in infected blood used a similar protocol as 
above. 20 ul infected blood of varying amount of the parasites were 
mixed with 200 ul Lysis Buffer (0.2% NaCl, 0.015% saponin, I mM EDTA), 
and centrifuged at 10,000xg at room temperature for i0 min to remove 
haemoglobin. The pellet was washed once with 250 ul of the Reaction 
Buffer. Following centrifngation at 10,000xg for i0 min, the pellet was 
directly suspended in 49.5 ul of the Reaction Mixture lacking Taq 
polymerase. After the mineral oil overlaying, the mixture was heated at 
100°C for i0 rain and then 0.5 ul of Taq polymerase was added. The first 
cycle was done at 2 min 94°C, 1 min 45°C, 3 min 72°C; subsequent cycles 
were at 1 min 94°C, i min 45°C, 3 min 72°C; and the last cycle was 
accomplished at i0 min 72°C. 

Ar~lysis of the amplified 1~4. One fifth of the PCR product was 
analysed by agarose gel electropheresis and stained with ethidium 
bromide (ii). When DNA probe detection was necessary, the DNA from 
agarose gel was Southern-transferred to nylon membrane (NEN) and 
hybridized with 32p-labelled 753 bp DNA insert from pBRKI-14 (8). In the 
analysis of PCR product by dot-blot h~bridization, 20 ul were spotted on 
the membrane and hybridized with the °ZP-labelled DNA or a digoxigenin- 
labelled 753 bp DNA (12). The 32p-labelled probe was detected by an 
overnight autoradiography at -70°C. The digoxigenin-labelled probe was 
detected by color development using 5-bromo 4-chloro 3-indolyl phosphate 
(BCIP) and nitroblue tetrazolium (NBT) as substrates (12). 
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RESULTS 

Amplification of P. falciparum DNA. DNA extracted from in vitro 

cultured parasites was amplified by the polymerase chain reaction using 

the primers derived from a specific P. falciparum DNA sequence. As shown 

in Fig. IA, the PC}{ product showed a single band at the size of 206 bp 

corresponding to the size expected from the insert of the pBRKI-14 DNA 

probe specific for P. falciparum (8). With 30 PCR cycles, 1 picogram of 

a total P. falciparum DNA gave a visible band corresponding to 

approximately i0 nanogram of 206 bp DNA, indicating that the sequence 

had been amplified approximately 109 fold. Southern - blot hybridization 

of the PC}{ product as shown in Fig. IB using the 753 bp insert of pBRKI- 

14 as the probe demonstrated that the 206 bp had sequence homology to 

the P. falciparum. The probe gave detectable 206 bp band even when as 

little as 0.01 pg DNA was employed in the PCR. Considering that a 

parasite contains 0.02 pg DNA (4) this result demonstrated that as 

little as one - half of parasite DNA content was detectable. 

Direct amplification of parasite DNA in infected blood. 

P. falciparum DNA in blood could be directly amplified by the PCR without 

the need to make a prior DNA extraction (Fig.2A). The PCR product 

M 100 10 1 0.1 0.01 0 M LI]O 10 I 01 0.01 O 

206  bp  Ira,,,.- 2o6 bp 

A B 

Figure 1 Analysis of PCR product by agarose gel electrophoresis and 
Southern-blot hybridization. [A] :ethidium bromide staining pattern ; 
M, DNA size marker ; I00 to 0 represents picogram of P.falcipart~ DNA 
template. [B] :autoradiographic pattern of [A] probing with 32p-labelled 
753 bp P. £alciparz~ DNA. 
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Figure 2 Detection of P. falciparum in the infected blood. [A] :ethidium 
bromide staining pattern ; M, DNA size marker ; 1000 to 0 represents 
number of P.falciparum in 20 ul blood. [B] :autoradiographic pattern of 
[A] probing with 32p-labelled 753 bp P. falciparum DNA. 

showed several bands in ethidium bromide-stained agarose gel. When 

this banding pattern was analysed by Southern - blot hybridization using 

the 753 bp insert as the probe, a single hybridization band 

corresponding to 206 bp was observed (Fig.2B). Amplification product 

from infected blood containing a single parasite clearly exhibited the 

206 bp band. The PCR product could also be detected by dot-blot 

hybridization using the radioactive or non-radioactive DNA probe as 

A 

B 

C 
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Figure 3 Dot-blot hybridization of PCR product from P. falciparum 
infected blood. A,B,C represents 3 specimens ; I00 to 0 represents 
number of parasites in 20 ul blood. [A] : autoradiographic signal from 
32p-labelled probe ; [B] color signal from digoxigenin-labelled probe. 
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shown in Fig.3. The hybridization signal was evident when the specimen 

contained as little as a single parasite. 

DISCUSSION 

We have demonstrated that a single P. falciparum in 20 ul of 

infected blood could be detected by amplification of a 206 bp DNA 

sequence specific to the parasite. This 206 bp DNA is an internal 

sequence of the 753 bp insert of P. falciparummoderately repetitive DNA 

probe, pBRKI-14 (8). A single band of PCR product indicated that the 

206 bpwas not tandemly repeated in the P. falciparumgenome. The use of 

a moderately repetitive sequence as the amplification target gives an 

advantage over that of the highly repetitive 21 bp sequence (4) as the 

latter will be unlikely to produce a single PCR product which makes 

identification of the PCR product by agarose gel-electrophoresis 

difficult. The generation of 206 bp PCR product reported here should 

offer an alternative means of identification of P. falciparum by a 

simple agarose gel analysis. 

None of the previous P. falciparum identification methods (1-9) 

could detect a single parasite in 20 ul blood. The most sensitive 

method was that based on ribosomal RNA detection which could detect 

approximately 50 parasites (7). The method reported here supplements 

the previous detection methods and makes possible studies in which a 

single parasite detection are required, viz., in an endemic area where 

people may carry a few parasites but remain asymtomatic, or in the 

determination of parasite clearance following dr[~ treatment. 

The detection procedure reported here of a single parasite in 

infected blood involved two major steps, amplification of target DNA and 

probe hybridization. The amplification step did not require a laborious 

and time-consuming DNA extraction. This reduces the detection procedure 

to the same level of that required for direct DNA probe hybridization. 

The non-radioactive detection should make the method applicable in a 

remote area or in a developing country where use of a short-lived 
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radioactive isotope is problematic. We are currently adapting the hem- 

radioactive detection system for routine application. 

A~OWLEDGMENTS : We thank the Malaria Division of the Ministry of 
Public Health, Thailand, for providing blood specimens, Dr. D. Wirth and 
Dr. R. Barker of Harvard University for valuable discussions, and T. 
Naksompop for typing the manuscript. This investigation received 
financial support from the UNDP/WORLDBANK/WHO SPECIAL PROCAgAMME FOR 
RES~ AND TRAINING IN TROPICAL DISEASES, and the Science and 
Technology for Development Prograrmme of the Eklropean Community, Contract 
no. TS2-0148-TH. This paper includes information obtained from the 
UNDP/World Bank/WHO-TDR Malaria Sequence database. 

REFERENCES 

i. Franzen, L., Shabo, R., Perlman, H., Wigzell, H., Westen, G., 
Aslund, L., Perreson, T., and Petterson, U. (1984) Lancet I, 
525-527. 

2. Pollack, Y., Metzger, S., Shemes, P. Landau, D., Spira, D. and 
Golenser. J. (1985) Am. J. Trop. Med. Hyg. 34, 663-667. 

3. McLaughlin, G.L., Edlind, T.D., Campbell, G.H., Eller, R.F., and 
Ihler, G.M. (1985) Am. J. Trop. Med. Hyg. 34, 837-840. 

4. Oquendo, P., Goman, M., Mackay, M., Langsley, G., Walliker, D., 
and Scaife, J. (1986) Mol. Biochem. Parasitol. 18, 89-101. 

5. Barker, R.H. Jr., Suebsaeng, L., Rooney, W., Alecrim, G.C., 
Dourado, H.V., and Wirth, D.F. (1986) Science 231 1434-1436. 

6. Zolg, J.W., Andrade, E., Scott, E.D. (1987) Mol. Biochem. 
Parasitol. 22, 145-151. 

7. Waters, A.P., and McCutchan, T.F. (1989) Lancet I, 1343-1346. 
8. Fucharoen, S., Tirawanchai, N., Wilairat, P., Panyim, S., and 

Thaithong, S. (1988) Trans. Roy. Soc. Trop. Med. Hyg. 82, 209- 
211. 

9. Boonsaeng, V., Chansiri, K., Vilasineekul, P., Wilairat, P., and 
Panyim, S. (1989) Southeast Asian J. Trop. Med. Pub. Hlth. 20, 
519-522. 

I0. Mullis, K,B., and Faloona, F.A. (1987) Methods Enzymol. 155, 
335-350. 

ii. Maniatis, T., Fritch, E.F., and Sambrook, J. (1982) Molecular 
Cloning : A Laboratory Manual, p.544. Cold Spring Harbor 
Laboratory, New York. 

12. Kessler, C., Holtke, H-J., Seibl, R., Burg, J., and Muhlegger, 
K. (1990) Biol. Chem. Hoppe-Seyler 371, 917-927. 

184 


