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SUMMARY
 

Genomic DNA libraries of Plasinoidum vivax were constructed
 

in several plasmid vectors, i.e., pUCI3, pUCl9 and pUN121 then
 

transformed into Escherichia coli hosL cells and screened for the
 

clones containing repetitive DNA sequences for use as the
 

specific and sensitive DNA probes for the diagnosis of vivax
 

malaria.
 

For the pUC plasmids, purified DNA obtained from pools of
 

local isolates of the parasites enriched by the sulfoethyl
 

cellulose-Sephadex G25-Percell technique was partially digested
 

with the restriction enzyme Sau3AI and ligated to the BamHI site
 

of the plasmid vectors. The recombinant plasmids were
 

transformed into Escherichia coli strains JM109 and DH5QC host
 

cells for the pUCI3 and pUC19 vectors, respectively. The
 

transformants were then screened with 3 2P-labelled P. Kivax and
 

human genomic DNA. One clone, VPL01, which gave relatively
 

strong hybridization signal against only the labelled P. vivax
 

but not P. falciparum or human DNA probes was obtained from the
 

genomic DNA library constructed in the pUC13 plasmid vector and
 

transformed into Escherichia coli strain JM109 host cells in
 

Australia. VPLI01 was subcloned and partially characterized for
 

its DNA sequenced. VPLIO1 and its subcloned VPL101/5 which
 

contained a 205 basepairs (bp) tandem DNA repeat sequence were
 

used successfully for detection of P. vivax DNA samples obtained
 

from vivax malaria patients in Australia, but they did not give
 

satisfactory results when tested against isolates of the
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parasites in Thailand at Mahidol University.
 

Therefore, the genomic DNA library was similarly
 

constructed in pUC19 plasmid vector at Mahidol University and
 

the E. coli DH50 transformants derived from the library were
 

screened for the clones containing the repetitive sequences by
 

the same procedure. Eleven bacterial clones, namely, pVM-1
 

through pVM-ll which gave strong hybridization signals against
 

the 3 2 P-labelled P. vivax genomic DNA but not the human DNA were
 

obtained and further characteized, These clones contained P.
 

vivax-specific DNA inserts with the sizes ranging from 0.6 to 2.8
 

kilobasepairs (kb). Cross hybridization studies revealed that
 

they could be divided into 4 main groups, namely, groups I, II,
 

III and IV which contained the common repetitive DNA fragments
 

with the sizes of approximately 0.6, 1.2, 1.0 and 0.6 kb,
 

respectively. 3 2 P-labelled purified DNA inserts used as
were 


probes for hybridization against P. vivax DNA extracted from
 

blood samples of 67 vivax malaria patients. It was found that
 

the 4 different probes hybridizes to more than 95% of the samples
 

with similar patterns indicating that these DNA sequences were
 

common among the P. vivax isolates from different endemic areas
 

in Thailand. The DNA probes did not give any hybridization
 

signal to the relatively high amounts of human genomic DNA or
 

falciparum DNA samples. This study demonstrated that more than
 

one repetitive DNA sequences may be present in P. vivax.
 

Limited DNA sequencing data revealed that these P. vivax-specific
 

DNA inserts contain high (approximately 70%) AT base content.
 

These DNA inserts have high potentials for development of the
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specific and sensitive DNA probe for viva i malaria.
 

Construction 
of P. vivax genomic DNA library was also
 

carried out using pUN121 plasmid vector at 
Mahidol University.
 

Purified P. vivax genomic DNA was completely digested with the
 

restriction enzyme EcoRI, ligated to the EcoRI site of the
 

plasmid vector and transformed into the E. coli JM107 host 
cells.
 

Four bacterial clones which gave strong hybridization against the
 
3 2P-labelled P. 
vivax genomic DNA were obtained. These clones
 

contained P. vivax-specific DNA inserts with 
the sizes ranging
 

from 0.6 to 8.0 kb. These clones are presently being
 

characterized for the DNA sequences and their uses as the probes
 

for diagnosis of vivax malaria are being explored.
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INTRODUCTION
 

Malaria is still an important public health problem
 

plaquing the economic development of countries of the third world
 

(1). The disease threatens 300 million people and causes 2-4 

million deaths a year (2). The prevalence of the disease has 

created a great loss of public health and socioeconomy of the 

country. Inspite of a century of extensive attempts to eradicate
 

the disease, the incidence showing little change over the last 20
 

years (3). The resistance of the anopheline mosquitoes to the
 

insecticides and malaria parasites to the drugs are implicated.
 

The lack of the efficient large scale screening of the carriers
 

is also lead to the inefficient control and eventual elimination
 

of the disease.
 

Malaria in man is caused by a protozoan of the Plasmodium
 

species, namely P. falciparum, P. vivax, P. malariae and P.
 

ovale. Among these, P. falciparum and P. vivax are the two most
 

prevalent human malaria parasite species. Although P. vivax is
 

second to P. falciparum in its world-wide frequency, it is also
 

widespread causing more than 90% of malaria in regions as diverse
 

as the Middle East, Central America and China, and is the major
 

species responsiole for relapsing malaria (4). Maintenance of
 

vivax malaria has been attributed in part to tht relapsing nature
 

and the presence of asymptomatic cases which serve as the source
 

of infection. Therefore, one of the effective measures in the
 

control of the disease is to establish a technique suitable for a
 

large scale screening of the carriers which would lead to the
 

early treatment and the elimination of the sources of infection.
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Currently, specific diagnosis of malaria is routinely
 

made by microscopic examination. Although this method of
 

diagnosis which requires well-trained personnels is satisfactory
 

in terms of sensitivity and specificity, however, it is time

consuming, labor-intensive, difficult to reproduce quantitatively
 

and not suitable for surveillance or for a large scale
 

t
epidemiological studies. Furthermore, it will no be cost

effective in malaria control in an area with very low but
 

persistent transmission, because the cost to diagnose one
 

positive slide will be high. Thus, there is a need to develop
 

alternative methods for detection of the patients especially
 

those with low grade parasitemia to supplement and perhaps
 

eventually to replace microscopy. Recently, techniques utilizing
 

DNA probes have been developed for diagnosis of many infectious
 

agents including viruses, bacteria and protozoa including
 

Leishmania species and P. falciparum (5-20). Limited field
 

applications of the DNA probes for the diagnosis of falciparum
 

malaria have been reported (21, 22). The DNA probes of P.
 

falciparum were cloned from the parasite genomic DNA or
 

synthesized (12, 16, 17, 23). In addition, there was also a
 

report on the use of radio-labelled oligonucleotides derived from
 

ribosomal RNA (rRNA) sequences of Plasmodium species including P.
 

vivax for detection of very lc.: numbur of the parasites (24, 25).
 

However, their field applications on the clinical samples has yet
 

to be tested comprehensively.
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Overall Objectives
 

The 	objectives of the present study were the followings
 

1. 	To construct genomic DNA library of P. vivax in
 

appropriate vectors of Escherichia coli.
 

2. 	To identify and isolate the appropriate vectors
 

containing P. vivax DNA inserts for use as probes
 

for detection of P. vivax in clinical specimens.
 

3. To apply the selected DNA probes as a tool for
 

specific diagnosis of P. vivax infection in the
 

field.
 

MATERIALS AND METHODS
 

Blood Samples
 

1.1 P. vivax infected blood
 

Approximately 5 to 10 ml of blood were obtained
 

from vivax malaria patients who admitted to the Hospital for
 

Tropical Diseases, Faculty of Tropical Medicine, Mahidol
 

University during July 1988 to September 1991. The blood samples
 

were collected in heparin tubes (15 units/ml) before any medical
 

treatment from 820 patients with parasitemia higher than 0.1%
 

during the time period. These blood samples were used for P.
 

vivax infected cell enrichment for further DNA extraction as the
 

"purified P. vivax DNA" which was suitable for the 
DNA cloning
 

work as well as for hybridization with the 3 2 P-labelled DNA
 

probe. The blood samples which were collected and kept at 40 C
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for more than 18 hours were not suitable for the enrichment.
 

These blood samples were directly extracted for the "crude P.
 

vivax DNA" which was used for hybridization with the 3 2P-labelled
 

DNA probe.
 

1.2 Normal blood
 

Approximately 10 ml of blood were obtained in the
 

heparin tube from 6 normal healthy donors for further extraction
 

of human DNA.
 

2 Enrichment of P. vivax infected red blood cells
 

Enrichment of the P. vivax infected cells was performed
 

according to the method described by Tharavanij et a]. (25).
 

Briefly, the blood was collected in a heparinized tube (15
 

units/ml). One ml aliquots of the blood were passed through
 

several 5 ml syringe columns each of which containing an equal
 

volume of sulfoethyl cellulose (Serva Feinbiochemica, Heidelberg,
 

Germany) and Sephadex G-25 (Pharmacia, Uppsala, Sweden)
 

previously equilibrated with phosphate buffer pH 7.5. The
 

columns were washed with the same buffer until the eluates were
 

free of red blood cells. The eluates were centrifuged at 500 x g
 

for 10 minutes at room temperature. After removal of the
 

supernatants, the cell sediments were pooled and restored to 50%
 

hematocrit in the above buffer and approximately 2 ml aliquots of
 

the cell suspension were layered on a discontinuous Percoll
 

gradients comprising successive layers of 75%, 60%, 50% and 40%
 

Percoll in the above buffer. After centrifugation at 1,450 x g
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for 15 minutes at 4°C, the upper bands of cells containing
 

enriched P. vivax infected cells were collected, washed by
 

centrifugation at 4,000 x g for 15 minutes at 40C. The cell
 

pellets were reconstituted in the same buffer. Small aliquots of
 

the cells were counted in a hemocytometer, Giemsa stained and
 

examined by the light microscopy. The final cell suspensions
 

were centrifuged at 10,000 x g for 3 minutes at room temperature
 

and the packed cells were stored at -70 0 C until use. This
 

procedure consistently yielded more than 50% P. vivax infected
 

cells with less than 1% contamination of the white blood cells.
 

3 Genomic DNA
 

3.1 Purified P. vivax DNA
 

Pooled purified P. vivax DNA was isolated from each
 

batch of at least 30 enriched P. vivax infected blood samples by
 

phenol extraction procedure (27). Briefly, the pack cell samples
 

were digested in a small volume of digestion buffer containing
 

0.01 M Tris-HC! pH 8.0, 0.01 M NaCl, 0.001 M EDTA, 2% sodium
 

dodecyl sulphate (SDS) and 200 pg/ml proteinase K at 560 C for 3
 

hours. The samples were then pooled in a polypropylene
 

centrifuge tube. The DNA was separated from the protein by
 

extraction with the water saturated phenol solution, pH 8.0. An
 

equal volume of the phenol solution was added to the samples and
 

the tube was gently mixed by inverting for 5 minutes. After
 

centrifugation at 1,500 x g for 10 minutes at 40 C, the upper
 

aqueous layer containing the DNA was collected. The phenol
 

extraction was repeated two more times then an equal volume of 4%
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isoamyl alcohol in chloroform was added. The tube was gently
 

mixed and centrifuged as above. The upper aqueous phase was
 

reextracted with the isoamyl alcohol/chloroform two more times
 

and the aqueous extract was collected. DNase-free RNase A (Sigma
 

Chemical Company, St. Louise, Mo., USA) was added to the extract
 

at a final concentration of 50 pg/ml. The solution was incubated
 

at 500 C for 1 hour before extracted with the phenol and isoamyl
 

alcohol/chlproform solutions as above. The aqueous extract was
 

dialysed against a large volume of 50 mM Tris-HCl, 10 mM EDTA and
 

10 mM NaCI at room temperature for 2-3 hours. The dialysed DNA
 

solution was added with a stock 3 M NaCI solution to a final
 

concentration of 0.1 M. The P. vivax DNA was precipitated by
 

add'ing 2 volumes of cold absolute ethanol and kept at -20 0 C for
 

18 hours. The DNA was precipitated by centrifugation at 10,000 x
 

g for 20 minutes at 40 C. The DNA sediment was washed once with
 

70% ethanol and briefly dried at room temperaturc. The DNA
 

pellet was dissolved in a small volume of 10 mM Tris-HCl, 1 mM
 

EDTA buffer pH 8.0 (TE) and stored at 4 0 C. The total DNA
 

concentration was estimated by comparing the ethidium bromide
 

(EtBr) fluorescence of a small aliquot of the DNA electrophoresed
 

in 0.8% agarose gel against stardard DNA (27). Purified P.
 

vivax DNA was also isolated from the individual samples, and
 

quan~itated by the methods as above.
 

3.2 Crude P. vivax DNA
 

Crude P. vivax DNA was prepared from blood of vivax
 

malaria patients which was kept at 40 C for more than 18 hours and
 

was not suitable for the infected cell enrichment. The blood was
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washed once in 0.01 M phosphate buffer saline pH 7.4 (PBS) by
 

centrifugation at 500 x g for 10 minutes at room temperature.
 

The blood cells were directly lysed by addition of 5 volumes of
 

PBS containing 0.2% Triton X-100. The lysed samples were
 

centrifuged at 10,000 x g for 20 minutes at 40 C and the
 

supernatants were discarded. The pellets were digested and
 

phenol extracted and the isolated DNA was precipitated with
 

ethanol washed with 70% ethanol and reconstituted in TE as
 

described for the purified P.vivax DNA samples above. The total
 

DNA concentrations was estimated either by EtBr fluorescences as
 

above or by measuring the optical densities at 260 nm. Twenty
 

OD260 unit was equivalent to 1 mg DNA/ml (27). These DNA
 

preparation contained high, undetermined amounts of contaminating
 

human DNA.
 

3.3 Human DNA
 

Human DNA was isolated from 10 ml of whole blood
 

obtained from normal healthy donors by the method described by
 

Professor David I. Hoar (Department of Medicl Biochemistry,
 

Faculty of Medicine, University of Calgary, Canada). Briefly,
 

the heparinized blood was added with 5 volumes of ammonium
 

chloride-Tris solution and incubated at 370 C for 5 minutes. The
 

lysed cells were centrifuged at 1,000 x g for 7 minutes at 40 C
 

and the supernatant poured off. The cell pellet was washed once
 

with 3 volumes of 0.85% NaCI and centrifuged at 1,000 x g for 7
 

minutes at 4°C. The pellet was collected and resuspended in a
 

small volume of high TE buffer and mixed with an equal volume of
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sodium dodecyl sulphate lysis mixture. The lysate kept at
was 


40 C for 14 hours before extraction for two times with the equal
 

volume of water-saturated phenol solution 
pH 8.0 then isoamyl
 

alcohol/chloroform as above. the
described After 
 last
 

centrifugation, the volume of aqueous layer 
was measured and 1/10
 

volume of 4 M ammonium acetate was added. The solution was mixed
 

and added with 2 volumes of cold absolute ethanol. Long strands
 

of high molecular weight DNA were collected with a curved end
 

pasteur pipette. The DNA was washed with 70% 
ethanol, dried
 

briefly at room temperature and redissolved in 
a small amount of
 

TE buffer pH 8.0. The total DNA concentration was determined by
 

measuring the optical density at 260 nm as above.
 

4 Restriction endonuclease digestion
 

Digestion of genomic DNA plasmid was
or DNA done
 

according to the conditions recommended by the manufacturers.
 

For the complete digestion, generally 1 pig of DNA was restricted
 

with 2-5 units of the enzyme in the supplied buffer at the
 

optimum temperature for 1-2 hours. The reation was usually
 

terminated by heating at 650 C for 10 minutes or adding EDTA 
to a
 

final concentration of 10 mM.
 

5 Agarose -el electrophoresis
 

For routine analysis of intact genomic DNA, plasmid DNA
 

and separation of DNA fragments, horizontal electrophoresis in
 

0.8% to 2% agarose gel depending on the DNA sizes was commonly
 

used. Weighted DNA grade agarose 
(Bio-Rad, Richmond, California,
 

USA) was dissolved in Tris-acetate-EDTA (TAE) buffer and heated
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to dissolved and cooled to 500 C before pouring into the tape

sealed gel tray. Appropriate gel comb was inserted into the gel
 

and the gel was allowed to set at room temperature for 20-30
 

minutes. DNA samples were mixed with a one-fifth volume of the
 

gel loading buffer containing 0.25% bromophenol blue and 0.25%
 

xylene cyanol and 30% glycerol before loading into the wells.
 

Electrophoresis was carried out at 7 V/cm in the TAE buffer for
 

1-2 hours or until bromophenol blue dye front reached 75% across
 

the gel. The gel was removed and stained with 0.5 pg/ml EtBr for
 

20-30 minutes. -Visualization of the DNA bands was done at 300 nm
 

by a UV transluminator (Fotodyn Incorporated, New Berlin,
 

Wisconsin, USA).
 

Recovery of DNA fragments from agarose gel
 

After separation of the DNA fragments by the agarose gel
 

eletrophoresis, gel slices containing 
the desired DNA fragments
 

were cut out and isolated by the glass milk method (28).
 

Briefly, the gei slices were weighed for an estimation of the gel
 

volumes. Two and 
a half volumes of 6 M Nal stock solution were
 

added and the tube was heated at 500 C for 5 minutes to dissolve
 

the agarose. Approximately 2-5 pl of the glass milk (Gene
 

cleanTM kit, Bio 101 Inc., La Jolla, California, USA) per pg of
 

the DNA were added to the dissolved agarose solution. The tube
 

was incubated with constant mixing at room temperture for 10-15
 

minutes. The glass milk/DNA complex was sedimented by
 

centrifugation at 1,500 x g for 10 minutes and the supernatant
 

discarded. The pellet was reconstituted in a small volume of the
 

washing solution and transfered to a microcentrifuge tube, washed
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3 times with the washing solution by centrifugation at 10,000 x g
 

for 5 seconds. Following the last washing the DNA was eluted two
 

times in a small volume of TE buffer or water at 500 C for 5
 

minutes. 
 The eluates were pooled and the DNA content quantitated
 

by the method described above.
 

7 Transfer of DNA to nylon membrane (Southern blotting)
 

The DNA fragments separated by the agarose gel
 

electrophoresis were transfered onto a modified nylon
charged 


membrane (Zeta-Probe membrane, Bio-Rad or Hybond N+, Amersham,
 

Aylesbury, Buckinghamshire, England) by the alkali blotting
 

procedure (29). After the electrophoresis and EtBr staining, the
 

gel was ready for the DNA transfer. The DNA transfer setup was
 

as follows: a plastic box was filled with the alkali 
transfer
 

buffer (0.4 N NaOH). A platform was made by placing a glass
 

plate across the top of the box and covering it with a wick made
 

from three sheets of Whatman 3MM filter paper saturated with the
 

transfer buffer. 
 The gel was placed on the platform end
 

surrounded with a clear plastic wrap 
to prevent the blotting
 

buffer being absorbed directly into the paper towels above. A
 

sheet of the nylon membrane cut to an exact size of the gel was
 

placed on top of the gel then covered with three sheets of the
 

3MM filter paper 
cut to size and wetted with the blotting buffer.
 

Care was taken not to trap any air bubble between each layer. A
 

stack (approximately 5 cm of hight) of the absorbent paper towels
 

was placed on top of the 3MM paper. A glass plate was 
placed on
 

the absorbent paper followed by a 0.5 kg weight on top. The
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transfer was allowed to proceed 
for 18 hours. The setup was
 

carefully dismantled, the membrane 
was marked with a pencil to
 

allow later identification of tracks, rinsed in 2X SSC, air

dried, baked at 80 °C for 30 minutes in a vaccuum oven and kept
 

at 40 C until use.
 

Plasmid DNA
 

8.1 Plasmid vector
 

The pUC13 plasmid vector which was previously cut
 

with the restriction enzyme BamHI 
and treated with bacterial
 

alkaline phosphatase 
was purchased from Pharmacia Biotechnology
 

International AB, Uppsala, Sweden. The 
pUC19 plasmid vector was
 

purchased from Life Technologies, Inc., Bethesda, Md. Two and 
a
 

half microgrc:is of the pUC19 plasmid vector was 
cut with 10 units
 

of BamHI (Life Technologies, Inc.) in a volume of 20 pl of 
50 mM
 

Tris-HCl pH 8.0, 10 mM MgCI 2 
and 100 mM NaCI at 370 C for I hour.
 

After the incubation, the cut DNA was purified by the glass milk
 

method as above. 
 The cut vector was further treated with
 

bacterial alkaline 
phosphatase (Life Technologies, Inc.) in 
 a
 

volume of 100 pl of 0.05 M Tris-HCl pH 8.0 at 650 C for I hour.
 

After the incubation, a stock of 0.5 M EDTA pH 8.0 was 
added to a
 

final concentration of 10 mM. 
 The alkali phosphatase-treated DNA
 

was purified by the glass milk 
method as above. Agarose gel
 

electrophoresis of the DNA
cut revealed a single band of
 

approximately 2.7 Kb with the yield of approximately 40%.
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8.2 Recombinant plasmids
 

Plasmid DNA was prepared from E. coli strain DH5#C
 

or JM109 harboring the recombinant plasmids by modification of
 

the alkali lysis procedure (27). A single bacterial colony was
 

picked from the LB agar culture and inoculated to 100 ml of LB
 

medium containing 100 jg/ml ampicillin. The bacteria were grown
 

with shaking at 370 C for 18-24 hours. The bacterial cells were
 

harvested by centrifugation at 5,000 x g for 15 minutes at 40 C,
 

resuspended and pooled in 2 ml of lysis solution containing 50 mM
 

glucose, 25 mM Tris-HCI pH 8.0, 
10 mM EDTA and 1 mg/ml lysozyme.
 

The suspension was incubated at 370 C for 1 hour before 4 ml 
of 1%
 

SDS in 0.2 N NaOH solution was added and mixed throughly by
 

gently inverting the tubes several times. The tube was kept at
 

260 C for 5 minutes before 3 ml of 5 M potassium acetate solution
 

pH 4.8 was added. The tube was stored in an ice bath for 1 hour
 

before pelleted by centrifugation at 10,000 x g for 15 minutes at
 

40 C. The supernatant was collected, extracted with an equal
 

volume of phenol solution, phenol/chloroform-isoamyl alcohol and
 

chloroform-isoamyl alcohol treated RNase as
and with A above.
 

The RNase A treated DNA solution was re-extracted with
 

phenol/chloroform-isoamyl alcohol solutions 
before the DNA was
 

precipitated by ethanol. The DNA pellet obtained 
after
 

centrifugation was resuspended in a small volume of TE buffer and
 

kept at 40 C until use.
 

Preparation of small amounts of the plasmids was
 

also carried out using the smaller scales of the bacterial
 

cultures and reagents.
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9 Escherichia coli competent cells
 

Escherichia coli strain JM109 was maintained at the
 

Queensland Institute of Medical Research, Brisbane, Australia.
 

E. coli strain DH5St was obtained from Life Technologies, Inc.
 

They both are ampicillin sensitive and can be host for other pUC
 

and C-complementation vectors (30). The bacteria were grown in
 

LB agar at 370 C for 16-18 hours and kept at 4°C until use. Long
 

term storage of the bacteria was made both in LB agar stab
 

cultures at room temperature or in LB broth with 15% glycerol at
 

-70°C.
 

The Escherichia coil competent cells were prepared by the
 

method described by Hanahan (30). Briefly, a bacterial colony
 

was picked and inoculated to 5 ml of LB broth and the bacteria
 

were allowed to grow at 370 C for 18 hours. The bacterial culture
 

was then diluted 1:100 in 100 ml of sterile SOB medium and grown
 

with vigorous shaking at 370 C until the optical density (O.D.)
 

was between 0.4-0.8. The bacteria were quickly cooled in an ice
 

bath for 15 minutes, harvested by centrifugation at 1,000 x g for
 

12 minutes at 40 C. The supernatant was completely discarded and
 

the bacterial cells was reconstituted in 32 ml of RF1 solution
 

(30) and kept in the ice bath for 15 minutes. The bacteria were
 

pelleted by centrifugation and the supernatant was discarded as
 

above. The cells were reconstituted in 7.7 ml of RF2 solution
 

(30) and kept in the ice bath for 15 minutes. These competent
 

cells were distributed in small aliquots (225/ul) in chilled 1.5
 

ml microcentrifuge tube, flash freezed in liquid N, and kept at
 

-700 C until use.
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10 Construction of p. vivaX genomic DNA library
 

The genomic DNA library of P. vivax was constructed in
 

the pUC13 or pUC19 plasmid vectors previously cut with BamHI and
 

treated with the bacterial alkali phosphatase (pUC/BamHI/BAP).
 

Approximately 500 ng of P. vivax DNA 
were partially cut with 1
 

unit of Sau3AI (Life Technologies, Inc.) in 20 mM Tris-HCI pH
 

7.4, 5 mM MgCI 2 and 50 mM KCI at 370 C 5, 10 and
for 15 minutes.
 

At the end of the digestion, 0.5 M EDTA pH 8.0 was added to the
 

reaction mixture to a final 
concentration of 10 mM. The DNA
 

fragments generated were purified by the glass milk technique and
 

the purified DNA in a small was
volume of TE analysed by agarose
 

gel electrophoresis and EtBr staining. Approximately 200 ng of
 

the partially Sau3A1 cut 
P. vivax DNA were ligated to an equal
 

amount of pUC/BamHI/BAP in a 20 Pil volume by T4 DNA 
ligase (Life
 

Technologies, Inc.) in 0.05 M Tris-HCl pH 7.6, 10 MgCI 2,
mM lmM
 

ATP, I mM DTT and 5% (w/vj polyethylene glycol-8000 at 140 C for
 

18-24 hours. At the end of the incubation period, EDTA was added
 

to a final concentration of 10 mM. The P. vivax 
genomic DNA
 

library was kept at 4°C until use.
 

11 Transformation of E. coli competent cells
 

Transformation of the P. vivax genomic DNA library to the
 

competent cells of E. coli strain JM109 DH5ee was
or as follows: Froz,
 

aliquots of the competent cells were thawn at 260 C until the cell
 

sispension was just liquid. The 
tubes were placed on ice and
 

splited into a 100 Jl aliquot in a 13 x 100 plastic tube. One
 

microliter of the DNA library previously warmed at 500 C for 10
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minutes was added to the cell suspension. The cells were mixed
 

gently and kept in an ice bath for 30 minutes before heat shocked
 

at 420 C for 90 seconds. The cells were chilled in the ice bath
 

immediately after the heat treatment then 0.9 ml of warm (370 C)
 

SOC medium was added. The cells were incubated at 370 C with
 

shaking for 60 minutes and 200 ul aliquots were spreaded on LB
 

agar containing 100 jg/ml of ampicillin previously spreaded with
 

40 ul of 20 mg/ml of 5-bromo-4-chloro-3-indolyl-B-D-galactoside
 

(X-gal). The plates were incubated at 370 C for 18-24 hours and
 

examined for the bacterial colonies.
 

12 DNA labelling
 

Purified DNA from P. vivax, human, vector and recombinant
 

plasmids was labelled with 3 2 P-dATP (Amersham International plc,
 

Buckinghamshire, England) by the random primer labelling
 

(multiprime DNA labelling system; Amersham Internation plc).
 

Briefly, approximately 50 ng of the DNA were mixed in a 50 jul
 

volume of reaction buffer containing Tris-HCl pH 7.8, MgC1 2 and
 

2-mercaptoethanol, unlabelled dCTP, dGTP and dTTP, random
 

hexanucleotide primers, 2 units of Klenow fragment of DNA
 

polymerase I and 50 pCi of 3 2P-dATP. The reaction mixture was
 

incubated at 370 C for 30 minutes. At the end of the incubation
 

period, EDTA was added to the final concentration of 10 mM and
 

the labelled DNA was separated from the uniniorporated 3 2P-dATP
 

by passing the reaction mixture onto Sephadex G-50 previously
 

equilibrated in 1X SSC containing 0.1% SDS in a I ml syringe
 

column by centrifugation at 1,500 x g for 4 minutes at 40 C. The
 

first three 100/ul aliquots were collected and 1 il of each
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sample was counted in a liquid scientillation counter. Normally
 

the specific activity of the labelled DNA was between 1-1.5 x 109
 

cpm/pg DNA.
 

13 Screening for bacterial clones containing P. vivax specific DNA
 

inserts
 

Screening for bacterial clones containing P. vivax
 

specific DNA insert was 
done by in situ hybridization (27).
 

Nitrocellulose filters (Micron Separation Inc., Westboro, MA,
 

USA) were placed onto the E. coli colonies derived from the P.
 

vivax genomic DNA library 
grown on the LB agar plate containing
 

ampicillin and X-gal. After marking 
the filter orientation for
 

further identification, the filters were lifted and placed colony
 

side up on the fresh LB agar containing ampicillin and the plates
 

were incubated at 370 C for 4-6 hours until 
bacterial colonies
 

appeared. The bacterial zolonies were lysed, DNA denatured 
and
 

neutralized by placing the filters on Whatman 3 MM papers wetted
 

with 10% SDS for 5 minutes, twice with 0.5 M NaOH 
in 1.5 M NaCl
 

for 10 minutes and twice with 0.5 M Tris-HCl pH 7.5 in 1.5 M NaCI
 

for 10 minutes, respectively. The filters were briefly rinsed in
 

2X SSC, air-dried, baked at 80 0 C for 90 minutes in vaccuum oven
 

and kept at 40 C until use. On the day of screening, the filters
 

were soaked for 5 minutes in 2X SSC, washed for 
30 minutes at 

50°C in 5X SSC containing 0.5% SDS. The bacterial debris on the 

filters were scraped out using gloved fingers and the filters 

were ready for hybridization with the 3 2 P-labelled probes.
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14 DNA hybridization
 

The nitrocellulose filters or nylon membranes containing
 

the blotted denatured DNA were prehybridized in the
 

prehybridizing solution containing 6XSSC, 5X Denhardt's solution,
 

0.5% SDS, 1 mM EDTA and 100 Jpg/ml of sheared, denatured salmon
 

testis DNA with shaking in 90 cm-crystalizing dishes or in the
 

sealed plastic bags. The volume of the prehybridizing solution
 

2
was kept at 0.1 ml per I cm of the filter. For hybridization,
 

the 3 2P-labelled probes denatured by heating at I00°C for 5
 

minutes and quick cooling were added to the prehybridizing
 

reactions and the hybridization was allowed to proceed for 18
 

hours at 600 C with shaking. After the incubation period, the
 

hybridizing solution was carefu.ly poured into a 3 2P-waste
 

container and the membranes were rinsed in 2X 
SSC containing
 

0.1% SDS, washed twice in the same solution at 260 C for 5
 

minutes, once in 0.5X SSC containing 0.A%SDS at 600 C for 15
 

minutes. Finally the membranes were mounted onto sheets of paper,
 

sealed in plastic bags and subjected to autoradiography on Kodak 

X-Omat XK or AR X-ray films with light intensifying screens at 

-700C for 0.2-24 hours. 

15 DNA dot blotting
 

Appropriate amounts of DNA samples were denatured by
 

heatirng at I00°C for 5 minutes and quickly cooled in 0.5 ml
 

volumes of 0.4 M NaOH or TE. Dot blotting of DNA samples was
 

done using a dot blotting apparatus (Bio-Rad, Richmond, VA, USA).
 

A sheet of the nylon membrane was wetted with distilled water
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before assembled in the apparatus. Denatured DNA samples were
 

placed into each appropriate well and the vaccuum was applied
 

until the wells were just dry. The wells were rinsed once with
 

0.5 ml of 0.4 M NaOH. The membrane was disassembled, rinsed with
 

2X SSC, air dried, baked at 800 C for 30 minutes in a vaccuum oven
 

and kept at 40 C until use.
 

16 Deprobing of DNA blots
 

The hybridized nylon membranes were not allowed to dry to
 

prevent irreversible binding of the DNA probe. They were
 

deprobed as soon as possible after autoradiography by boiling in
 

a large volume of 0.5% SDS at 1000C for 10 minutes, cooled at
 

260 C and kept at 40 C until reuse.
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RESULTS
 

1 Construction of the first P. vivax genomic DNA library
 

Construction of P. vivax genomic DNA library was first
 

done in Australia at the Queensland Institute of Medical
 

Research. Enriched P. vivax infected cells from a pool of 4
 

vivax malaria patients were lysed and digested with proteinase K
 

and the DNA was extracted and purified. The purified DNA was
 

partially cleaved with the restriction enzyme Sau3Al and the DNA
 

fragments generated were ligated to the BamH1 site of the plasmid
 

vector pUC13 (Pharmacia-LKB Biotechnology AB, Uppsala, Sweden).
 

The ligated plasmids were transformed into Escherichia coli JM109
 

host cells and the transformed colonies were selected on culture
 

plates containing 100 p g/ml of ampicillin. The colonies were
 

then transfered to nitrocellulose filters and screened with 32p_
 

labelled nick-translated P. vivax, P. falciparum or human DNA.
 

Approximately 1,500 transformant colonies were screened and an E.
 

coli clone (VPL101) was found to contain a 3.2 kb specific P.
 

vivax DNA insert.
 

Further characterization of the clone was made in our
 

laboratory at the Faculty of Tropical Medicine, Mahidol
 

University and at the Queensland Institute of Medical Research,
 

Australia. Purified VPL 101 plasmids were cut by the restriction
 

enzyme BamH1 yielding a 3.2 kb P. vivax DNA insert as shown by
 

agarose gel electrophoresis and ethidium bromide staining. The
 

BamHl-cleaved DNA insert was purified, cleaved with HpaII and the
 

resulting DNA fragments subcloned into the AccI site of pUC19.
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2 

These subclones from VPL 101 were prepared for 	dideoxy DNA
 

contained at
sequencing (31, 32). It was found that this insert 


least 2 copias of a 205 bp tandem repeat sequence which judged
 

from partial sequencing of VPL 101 and sequence data from its
 

subclones VPL101/5 and VPL101/7. Comparison of VPL 101/5 and VPL
 

101/7 shows that some base substitutions, insertions and
 

deletions occur in the repeat sequences (33, a copy of the paper
 

is herewith attached below).
 

VPL101 and its subclone, VPL101/5, containing a 240 bp DNA
 

insert with the P. vivax specific DNA repeat sequence were used
 

to hybridize against a number of P. vivax DNA extrncted from
 

infected blood samples and P. falciparum and human DNA in
 

Australia. It has been claimed that the VPL101 and VPL101/5
 

were highly specific (33).
 

Hybridization of VPL101 and VPL101/5 to P. vivax infected
 

blood samples and P. vivax DNA at Mahidol University.
 

Because of the previous successful results with the probes
 

when testing against the P. vivax DNA isolated from vivax malaria
 

blood samples in Australia, we hereby attempted to determine
 

whether the probes could hybridize to the local parasite's DNA.
 

VPLI01 and VPL101/5 plasmid DNA were prepared by the method
 

described above and the DNA inserts were separated from the
 

vectors by cutting with the restriction enzymes BamHI and
 

BamHI/Hind III, respectively. The digested DNA samples were
 

subjected to agarose gel electrophoresis and the specific bands
 

of 3.2 kb and 240 bp were cut, the gel strips removed and
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purified by the glass milk method as described above.
 

2.1 	 Hybridization of VPLI01 and VPLI1O/5 to small
 

aliquots of the whole blood of infected patients
 

Purified VPL101 and VPL101/5 plasmids were
 

labelled with 3 2 P-dATP by nick translation or the random primer
 

labelling and used to directly detect the parasite's DNA in the
 

50 ul aliquots of whole blood from the patients. The whole blood
 

samples from 78 patients were either heated in 0.4 M NaOH and 10
 

mM EDTA at 100 0C for 5 minutes or digested with proteinase K
 

solution before the alkaline heat treatment as above then blotted
 

to 'a nylon membrane by the dot blotting apparatus (Bio-Rad
 

Laboratoaries). Some of the samples were also extracted with the
 

phenol/chloroform solutions after the enzyme digestion and the
 

alkaline heat treatment. However, all of the samples gave
 

negative results with both VPL101 and VPL101/5. Purified VPL1O1
 

and VPL101/5 DNA inserts labelled with the isotope by either nick
 

translation or random primer labelling which gave a higher
 

specificity also gave negative hybridization to all of the
 

samples.
 

2.2 Hybridization of VPL101 and VPL1O1/5 DNA inserts to
 

P. vivax DNA
 

Due to the negative hybridization reaction of VPL101 

and VPL101/5 to the small aliquots of the P. vivax infected 

blood, it was thought that it might be due to the interference of 
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the crude undefined blood cell's components or the relatively
 

insensitivity of the DNA probes in the hybridization. Therefore,
 

10 purified P. vivax DNA as well as 57 crude P. vivax DNA were
 

prepared from individual blood samples and tested with both
 

probes. The amounts of the individual purified and crude DNA
 

samples blotted onto each well of the nylon membrane by the dot
 

blotting apparatus varied from approximately 10 ng to 200 ng and
 

40 ng to more than 1,000 ng, respectively. Table 1 summarizes
 

the amounts of the P. vivax DNA blotted onto the membrane.
 

Pooled P. vivax DNA and human DNA were also included in the
 

blots. The results (Figures 1 and 2) showed that VPL101 DNA
 

insert hybridized to most of the vivax DNA samples and the VPL101
 

plasmids. However, the DNA insert also gave some reactivity
 

against human DNA. The reactivity signals between the vivax
 

samples and the human DNA were not significantly different.
 

Additional 18 vivax malaria DNA samples and human DNA extracted
 

from whole blood of 5 normal volunteers were also tested, but a
 

similar cross reactivity between the P. vivax DNA and human DNA
 

was obtained.
 

The cross hybridization of the VPL101 insert with
 

the human DNA was also shown by Southern blotting. DNA samples
 

prepared from a vivax malaria patient and a normal volunteer were
 

cut with the restriction enzymes EcoR1, BamH1, Pstl and/or Hind
 

III and the DNA fragments were separated by agarose gel
 

electrophoresis. Southern hybridization revealed that the VPL101
 

DNA insert gave positive bands with both vivax malaria DNA and
 

normal human DNA (Figure 3). VPL101/5 also gave a similar
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Table 1 Amounts of the P. vivax DNA from vivax malaria patients
 
dot-blotted onto the nylon membrane.
 

Sample no DNA Sample no DNA Sample no DNA Sample no DNA
 
blotted blotted blotted blotted
 
(ng) (ng) (ng) (ng)
 

1 600 18* 20 35 500 52 >1,000
 

2 800 19* 90 36 >1,000 53 200
 

3 500 20* 80 37 300 54 >1,000
 

4 600 21 150 38 375 55 >1,000
 

5 600 22 180 39 1,000 56 >1,000
 

6 700 23 225 40 500 57 >1,000
 

7 800 24 40 41 400 58 >1,000
 

8 675 25 500 42 300 59 >1,000
 

0 400 26 180 43 375 60 100
 

10 600 27 90 44 400 61 150
 

11* 200 28 400 45 375 62 50
 

12* 60 29 375 46 375 63 60
 

13* 20 30 >1,000 47 500 64 400
 

14* 10 31 >1,000 48 160 65 350
 

15* 75 32 >1,000 49 120 66 600
 

16* 20 33 >1,000 50 >1,000 67 200
 

17* 40 34 >1,000 51 >1,000
 

P. vivax enriched samples.
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Figure 1. The autoradiogram of hybridization of VPL01 DNA
 
insert to P. vivax DNA isolated from 36 vivax malaria
 
patients. Well numbers Al to A12, C1 to C12 and El to
 
E12 are DNA from patient numbers 1 to 12 13 to 24
 
and 25 to 36 denatured by heating at 100 C for 5
 
minutes before blotting (boiled only), respectively.
 
Wells numbers B1 to 12, Dl to D12, and Fl to F12
 
are DNA from patients 1 to 12, 13 to 24, and 25 to
 
36 heated in 0.4 M NaOH at 100 0 C for 5 mirates
 
before blotting (alkaline treated and boiled),
 
respectively. Well numbers GI to G6 and G8 to G12
 
are 5 ug, 1 ,g, 0.2 pg, 0.04 pg and 0.008 ug of human
 
DNA boiled only and alkaline treated and boiled,
 
respectively. Well numbers HI to HIO are 25 ng,
 
5 ng, 1 ng, 0.2 ng, 0.04 ng, 0.008 ng, 0.0016 ng,
 

0.32 pg, 0.064 pg and 0.0128 pg of VPL101 DNA alkaline
 
treated and boiled, respectively.
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Figure 2. The autoradiogram of hybridization of VPL101 DNA insert
 
to crude P. vivax DNA isolated from 31 vivax malaria
 
patients. Well numbers Al to A12 and Cl to ClI are
 
DNA from patient numbers 37 to 48 and 49 to 59
 
denatured by heating at 1000 C for 5 minutes before
 
blotting (boiled only), respectively. Well numbers Bl
 
to B12 and DI to D12 are DNA from pataient numbers 37
 
to 48 and 49 to 59 heated in 0.4 M NaOH at 100 0 C for
 
5 minutes before blotting (alkaline treated and boiled),
 
respectively. Well numbers El to E8 are DNA from vivax
 
malaria patient numbers 60 to 67 alkaline treated and
 
boiled, respectively. Well numbers FIO to F12 are 100,
 
50 and 80 ng of 3 different batches of pooled P. vivax
 
DNA boliled only. Well numbers G8 to G12 are 60, 12,
 
2.4, 0.48, and 0.08 ng of another pooled purified P.
 
vivax DNA boiled only, respectively. Well numbers HI
 
to H10 are 25 ng, 5 ng, 1 ng, 0.2 ng, 0.04 ng, 0.008
 
ng, 0.0016 ng, 0.32 pg, 0.064 pg and 0.0128 pg of
 
VPLI1O DNA boiled only, respectively.
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Figure 3 	 The autoradiogram of hybridization of VPLI01 DNA
 
insert with DNA extracted from blood of a vivax
 
malaria patient and normal human DNA cutting various
 
restriction enzymes. Lanes 1 to 4: vivax DNA cutting
 
with Pst I, Hind III, Bam HI and EcoRI, respectively.
 
Lanes 5 to 7: human DNA cutting with PstI, BamHI, and
 
EcoRI, respectively.
 

1 2 3 4 5 6 7 
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result. Therefore, it was concluded from these experiments that
 

VPL101 and VPL101/5 were not suitable for use as the DNA probes
 

for detection of the malaria parasites in the local blood
 

samples.
 

3 	 Screening of the first P. vivax genomic DNA library at
 

Mahidol University
 

The P. vivax genomic DNA library constructed in Australia
 

was used to transform Escherichia coli DH5oC and screened by 32p_
 

labelled purified P. vivax genomic DNA for any new bacterial
 

clones which might contain P. vivax specific DNA insert suitable
 

for use as the probe for detection of the parasite. Up to 8
 

transformation experiments with a total of approximately 24,000
 

bacterial colonies derived from the library were screened.
 

Although several clones were positive when screened with the 32p_
 

labelled P. vivax genomic DNA probe, subsequent testing revealed
 

either cross-reactive with the 3 2 P-labelled human genomic DNA or
 

non-reactive with the former P. vivax genomic DNA probe used.
 

Therefore, they were not further used in subsequent experiments.
 

4 	 Construction of P. vivax genomic DNA library using pUC19
 

plasmid vector at Mahidol University.
 

Due to the unsuccessful attempts to obtain any bacterial
 

clone containing P. vi -ax specific DNA insert from the first
 

genomic DNA library constructed in Australia, construction of the
 

genomic DNA library was tried at Mahidol University using pUC19
 

plasmid vector (purchased from Life Technologies, Inc.).
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4.1 Preparation of partially digested P. vivax genomic
 

DNA and construction of the P. vivax genomic DNA
 

library
 

Approximately 1.5,pg of purified P. vivax genomic DNA
 

was partially restricted with 3 units of Sau3A I at 370 C in a 45
 

ul volume. Aliquots (15/I) were taken at 10, 15 and 20 minutes
 

and the reaction was stopped by adding 0.5 ,pl of 0.5 M EDTA pH
 

8.0. The DNA fragments generated were purified by the glass milk
 

method and each of the DNA aliquot was reconstituted in a 15 ul
 

volume. One microliter of each aliquot was loaded on a 0.7%
 

agarose gel and electrophoresed along with the I kb DNA molecular
 

size markers. EtBr staining of the separated DNA fragments
 

revealed that all of the three Sau3A1 partially digested P. vivax
 

DNA samples appeared similarly as the faint smeared bands with
 

the sizes ranging from approximately 0.5-2 kb (Figure 4). The
 

DNA patterns in the gel were further blotted onto the nylon
 

membrane and probed with 3 2 P-labelled purified P. vivax genomic
 

DNA. The autoradiogram of the Southern blot is shown in Figure
 

5. It was found that the Sau3AI partially digested genomic DNA
 

showed 6 repeti;ive DNA bands with the sizes of approximately
 

1.7, 1.6, 1.3, 1.2, 0.7 and 0.6 kb over the smeared background.
 

The blot was stripped, reprobed with 3 2P-labelled human genomic
 

DNA and autoradiographed. The autoradiogram of the blot revealed
 

3 rep, titive bands with the sizes of approximately 3.2, 1.6 and
 

1.2 kb over the smeared background (Figure 6).
 

Approximately 200 ng of the Sau3AI partially digested
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Figure 4 	 The EtBr staining patterns of Sau3AI partially
 
digested P. vivax genomic DNA after agarose gel
 
electrophoresis. Lane 1, 2 and 3 are the DNA cutting
 
for 10, 15, and 20 minutes, respectively. Lane 4
 
is the DNA molecular size standards. Numbers at
 
right indicate molecular sizes in kb.
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Figure 5 The autoradiogram of hybridization of "zP-labelled P.
 
vivax genomic DNA to the Sau3AI partially digested P.
 
vivax genomic DNA after agarose gel electrophoresis
 
and Southern blotting. Please see legend to Figure 4
 
for samples descriptions.
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Figure 6 	The autoradiogram of hybridization of 3 2p-labelled
 
human genomic DNA to the Sau3AI partially dZgested P.
 
vivax genomic DNA after agarose gel electrophoresis
 
and Southern blotting. Please see legend to Figure 4
 
for sample descriptioas.
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P. vivax DNA was ligated at 140C for 18 hours with an equal
 

amount of the plasmil vector pUC 19 treated with BamHI and BAP in
 

a 20 Fl1 volumle as described in the Materials and Methods. One
 

microliter of the library was used transfrom 0.2 ml
to of
 

competent Escherichia coli DH5.C and the transformed cells were
 

plated onto LB agars with ampicillin, X-gal and IPTG (see
 

Materials and Methods). The ratio of the blue/white bacterial
 

colonies which grew on the medium was approximately 1:1
 

indicating that about 50% of the bacteria contained the DNA
 

inserts. Approximately 30,000 colonies were obtained from 10
 

transformation experiments. The bacterial colonies were 
lifted
 

from the plates by the nitrocellulose membranes, lysed, their DNA
 

derratured and probed with 3 2 p-labelled purified P. vivax genomic
 

DNA for the clones harboring the P. vivax specfic DNA inserts.
 

More than one hundred colonies which gave relatively strong
 

signals against the P. vivax genomic DNA probes were picked from
 

the master plates and rescrezned with either 32p-labelled P.
 

vivax genomic DNA or human genomic DNA. Only eleven colonies,
 

namely, pVM-1, pVM-2, pVM-3, pVM-4, pVM-5, pVM-6, pVM-7, pVM-8,
 

pVM-9, pVM-10 and pVM-1I which gave the strongest signals with
 

the P. 	vivax genomic DNA probe but not with the human genomic DNA
 

probe 	were selected for further testings.
 

4.2 	 Cross-hybridization aimong the P. vivax-specific DNA
 

inserts
 

The pVM-1 through pVM-11 plasmids were purified, cut with
 

restriction enzymes and the insert sizes determined by agarose
 

gel electrophoresis. It was found that these recombinant
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plasmids may or may not contain the BamHI site, therefore,
 

combinations of the enzymes which cut at the left and the right
 

sides. of the BamH I site in the multiple cloning region of the
 

pUC19 were tried for cutting out the DNA insert with the minimum
 

portion of the vr.ctor. The recombinnat plasmids, the
 

restriction enzymes used for cutting the DNA inserts and the
 

sizes of the P. vivax-spcific DNA inserts are summarized in Table
 

2. The sizes of the P. vivax-specific DNA inserts ranged from
 

approximately 0.6 kb to 2.8 kb. The P. vivax-specificities of
 

these DNA inserts were confirmed by Southern blotting. These
 

recombinant plasmids were cut with the appropriate restriction
 

enzymes and approximately 200 ng of the DNA were subjected to
 

agarose gel electrophoresis (Figure 7). They were then blotted
 

onto the nylon membrane and probed with the 3 2 P-labelled P. vivax
 

genomic DNA (Figure 8). It was shown that only the DNA inserts
 

gave reactivities against the probe. 3 2 P-labelled human genomic
 

DNA did not give any hybridization signal against the DNA blot
 

(data not shown).
 

The individual DNA insert was then prepared by
 

cutting the recombinant plasmid with the appropriate restriction
 

enzymes, separated from the vector by agarose gel electrophoresis
 

and purified using the glass milk method described above. These
 

DNA inserts were further tested whether any of them contained the
 

common DNA sequences. Purified DNA inserts were labelled with
 

3 2p by the random primer labelling and used to probe the Southern
 

blots similarly prepared as shown in Figure 7. It was shown
 

that cross-hybridization occurred among these DNA inserts. They
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Table 2. The pUC19 recombinant plasmids, restriction enzymes used
 
for cutting the DNA inserts and the 

vivax-specific DNA inserts.
 

Plasmids
 

pVM-1 


pVM-2 


pVM-3 


pVM-4 


pVM-5 


pVM-6 


pVM-7 


pVM-8 


pVM-9 


pVM-10 


pVM-11 


Restriction 


enzymes used 


BamH I/EcoR I 


BamH I/Pst I 


BamH I/EcoR I 


Xba I/Kpn I 


EcoR I/Pst I 


BamH I/EcoR I 


EcoR I/Pst I 


EcoR I/Pst I 


EcoR I/Pst I 


EcoR I/Pst I 


Xba I/Kpn I 


sizes of the P.
 

Sizes of
 

DNA inserts (kb)
 

1.7
 

1.2
 

1.7
 

1.0
 

1.4
 

1.7
 

1.4
 

1.2
 

1.7
 

2.8
 

0.6
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Figure 7 The EtBr staining of the 11 
selected pUC19 recombinant
 
plasmids containing P. vivax specific DNA inserts
 
cutting with appropriate restriction enzymes after
 
agarose gel electrophoresis. Lane A is 
molecular
 
weight size standards. Lanes B, C, D, E, F, G, H, I,

J, K and L are pVM-1, pVM-2, pVM-3, pVM-4, pVM-5,

pVM-6, pVM-7, pVM-8, pVM-9, pVM-10 and pVM-11,

respectively. Lane M is 
the pUC19 plasmid vector.
 
Numbers at left 
indicate the molecular sizes in kb.
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Figure 8 The autoradiogram of hybridization of 3 2P-labelled
 
P. vivax genomic DNA against the 11 pUCI9 recombinant
 
plasmids containing P. vivax specific DNA inserts
 
cutting with appropriate restriction enzymes after
 
agarose gel electrophoresis and Southern blotting.

Please see legend to Figure 7 for sample descriptions.
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could be divided into 4 groups according to the cross

hybridization results. 
 These 4 groups of the plasmids containing
 

the 
common DNA sequence are summarized in Table 3. pVM-1, pVM-2,
 

pVM-8, and pVM-9 DNA inserts were selected as the representatives
 

for the plasmids groups I, II, III, 
and IV, respectively, because
 

it was found in our preliminary studies that 
they were easily cut
 

out from the vector and showed similar reactivities with the
 

other plasmids of the same group when hybridized with the 32p_
 

labelled P. DNA probe. 9
vivax genomic Figures to 12 show the
 

hybridization reactions of 3 2 p-labelled purified pVM-l, pVM-2,
 

pVM-8, and pVM-9 DNA inserts against the Southern blots
 

containing all of the 11 recombinants plasmids, respectively.
 

4.3 Characterization of 
the P. vivax specific DNA inserts
 

4.3.1 pVM-1
 

The purified 1.7 kb pVM-1 DNA insert was 32p_
 

labelled by the random primer labelling and used to hybridize
 

against the 
P. vivax DNA samples derived from the 67 vivax
 

malaria patients on 
the same blots which were previously probed
 

with VPLlOl (the autoradiograms are shown in Figures 1 and 2).
 

Unlike the VPLI1O probe which rather
gave low hybridization
 

signals to both P. vivax and human DNA samples, pVM-1 gave
 

relatively strong signals against only 
P. vivax DNA samples, not
 

at all to the human DNA and a minor signal against VPL101 which
 

might be due to the small part of the 
pUCI9 vector at one end of
 

the probes (Figures 13 and 14). At least 63 of 67 P. vivax DNA
 

samples were 
judged positive after 2 hours of autoradiography at
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Table 3. The 4 groups of 11 P. vivax-specific pUCI9 recombinant
 
plasmids containing the common DNA sequences
 

Group Plasmids
 

I pVM-1, pVM-3, pVM-6, pVM-11
 

II pVM-2, pVM-4, pVM-g
 

III pVM-5, pVM-7
 

iV pVM-9, pVM-10
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Figure 9 	The autoradiogram of hybridization of 32p-labelled

purified pVM-1 DNA insert against the 
11 pUC19

recombinant plasmids containing P. vivax specific DNA
 
inserts cutting with appropriate restriction enzymes

after agarose gel electrophoresis and Southern blo tting.

Please see 
legend to 	Figure 7 for sample descriptions.
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Figure 10 The autoradiogram of hybridization of 32P-labelled
 
purified pVM-2 DNA insert against the 11 pUC19

recombinant plasmids containing P. vivax specific DNA
 
inserts cutting with appropriate restriction enzymes

after agarose gel electrophoresis and Southern blotting.

Please see legend to Figure 7 for sample descriptions.
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Figure 11 	 The autoradiogram of hybridization of 32p-labelled
 
purified pVM-8 DNA insert against the 11 pUC19

recombinant plasmids containing P. vivax specific DNA
 
inserts cutting with appropriate restriction enzymes

after agarose gel electrophoresis and Southern blotting.

Please see legend to Figure 7 for sample descriptions.
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Figure 12 The autoradiogram of hybridization of 32p-labelled
 
purified pVM-9 DNA insert against the 11 pUC19
 
recombinant plasmids containing P. vivax specific DNA
 
inserts cutting with appropriate restriction enzymes

after agarose gel electrophoresi and Southern blotting.

Please see legend to Figure 7 for sample descriptions.
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Figure 13 The autoradiogram of hybridization of 
3 2 P-labelled
 
pVM-1 DNA insert to P. vivax DNA from 36 vivax
 
malaria patients. Please see legend to Figure 1 for
 
sample descriptions.
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Figure 14 The autoradiogram of hybridization of 
3 2P-labelled
 
pVM-1 DNA insert to crude P. vivax DNA from 31 
vivax
 
malaria patients. Please see legend to Figure 2 for
 
sample descriptions.
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-700 C. Extended autoradiography revealed that all 
of the samples
 

were judged positive without any increase in the signal against
 

the human DNA. Additional 18 P. vivax DNA 
, 6 human DNA and I P.
 

falciparum DNA samples 
were also tested. It found
was that all
 

18 vivax samples were positive whereas 
the human and falciparum
 

samples were negative (data not 
shown). Therefore, pVM-l gave
 

positive res Its with at least 81 of 85 (95%) of 
the P. vivax DNA
 

samples and was highly specific. Although the sensitivity of the
 

pVM-1 in the detection of the parasites has not 
been evaluated,
 

it can detect as low as 0.08 ng of the purified DNA (Figure 14).
 

Hybridization of 3 2 p-labelled pVM-1 against
 

the Southern blot containing the Sau3AI partially cut P. vivax
 

genomic DNA library (which was previously probed with the 32p_
 

labelled P. vivax genomic DNA and human DNA as 
shown in Figures 5
 

and 6) revealed 
3 strong bands with the sizes of approximately 

.1.7, 1.2 and 0.6 kb (Figure 15). An attempt was made to 

determine the minimum size of the DNA fragment which gave the 

highest reactivities. When the 1.7 kb purified pVM-1 DNA insert 

was completely digest'd 
with Sau3AI, it gave at least 4 bands
 

with the sizes of approximately 0.7, 0.6, 0.2 and 0.1 kb 
as shown
 

by the agarose gel electrophoresis (data not shown). Probing of
 

the DNA fragments by the 32P-labelled P. vivax genomic DNA
 

revealed that only the 
0.6 kb fragment gave strong hybridization
 

signal against the probe. Therefore, the 0.6 kb fragment 
was
 

purified, ligated into the BamHI site of 
the pUCI9 plasmid vector
 

and transformed into 
the host E. coli DH5 The subclone, pVM

1S3, contained 
the 0.6 kb DNA insert was isolated and found to
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Figure 15 
 The autoradiogram of hybridization of 32p-labelled

pVM-1 DNA insert against the Sau3AI partially digested

P. vivax genomic DNA after agarose gel electro
phoresis and Southern blotting. Please see legend to
 
Figure 4 for sample descriptions.
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hybridize to all of the group I plasmids, particularly the pVM-1l
 

which also contained approximately 0.6 kb DNA insert. pVM-1S3
 

was also found to hybridize with the similar pattern and
 

sensivitiy to the 67 P. vivax DNA samples from the 
vivax malaria
 

patients. Both pVM-1S3 and pVMl1 are presently letermined for
 

their DNA sequences. Partial DNA sequence data revealed that
 

they contained high AT base content with almost identical
 

sequences.
 

4.3.2 pVM-2
 

The purified 1.2 kb pVM-2 DNA insert was 32p_
 

labelled by the random primer labelling and used to hybridize to
 
4 

the P. vivax DNA 
samples derived from the 67 vivax malaria
 

patients and the Southern blot containing the Sau3AI partially
 

cut P. vivax genomic DNA. It was found that the hybridization
 

patterns of the labelled pVM-2 against the 67 P. vivax DNA
 

samples from the 
vivax malaria patients were almost identical to
 

those of pVM-1. Hybridization of the pVM-2 probe against the
 

Sau3AI partially cut P. vivax genomic DNA revealed at least 3
 

bands with the sizes of approximately 1.2, 1.6 and 1.7 kb (Figure
 

16). Presently, pVM-2 which contained no further Sau3AI cleavage
 

site is being analysed for its DNA sequence. Partial DNA
 

sequencing data revealed that most of the sequences were
 

different from those of pVM-1.
 

4.3.3 pVM-8
 

The purified 1.2 kb pVM-8 DNA insert was 32p
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Figure 16 The autoradiogram of hybridization of 3 2 P-labelled
 
pVM-2 DNA insert against the Sau3AI partially digested
 
P. vivax genomic DNA after agarose gel electro
phoresis and Southern blotting. Please see legend to
 
Figure 4 for sample descriptions.
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labelled by the 
random primer labelling and used to hybridize to
 

the P. vivax DNA samples derived 
from the 67 vivax malaria
 

patients and the Southern blot 
containing the Sau3AI partially
 

cut P. vivax genomic DNA. It was found 
that the hybridization
 

patterns of the labelled pVM-8 against the 67 P. vivax DNA
 

samples from vivax malaria patients were also almost identical to
 

those of pVM-1. Hybridization of 
the pVM-8 probe against the
 

Sau3AI partially cut 
P. vivax genomic DNA revealed at least 


bands with the sizes of approximately 1.0, 
1.2 and 1.7 kb (Figure
 

17). Complete Sau3AI digestion revealed that pVM-8 was cut into
 

a 1.0 and 0.2 DNA fragments. Presently, pVM-8 
and pVM-4 which
 

contained the 1.0 kb DNA fragment 
are being analysed for its DNA
 

sequence. Partial DNA sequencing data revealed that they were
 

almost 
identical and had certain oligonucleotide sequences 
common
 

to pVM-1S3.
 

4.3.4 pVM-9
 

The purified 1.7 kb pVM-9 DNA insert was 32p_
 

labelled by the 
random primer labelling and used to hybridize to
 

the 67 P. vivax DNA samples der'-ed 
from the vivax malaria
 

patients 
and the Southern blot containing the Sau3AI partially
 

cut P. vivax genomic DNA. It was found that 
the hybridization
 

patterns of the labelled pVM-9 against the 
67 vivax malaria
 

patient were almost identical to those of pVM-1. Hybridization
 

of the pVM-9 probe against the Sau3AI partially cut P. vivax
 

genomic DNA revealed at least 5 bands with 
the sizes of
 

approximately 0.6, 1.0, 1.2, 1.7 and 
1.9 kb (Figure 18).
 

Probing of 
these DNA fragments with 3 2 P-labelled P. vivax genomic
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Figure 17 
 The autoradiogram of hybridization of 3 2 p-labelled

pVM-8 DNA insert against the Sau3AI partially digested

P. vivax genomic DNA after agarose gel electro
phoresis and Southern blotting. Please see legend to
 
Figure 5 for sample descriptions.
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Figure 18 
 The autoradiogram of hybridization of 3 2P-labelled
 
pVM-9 DNA insert against the Sau3AI partiaily digested

P. vivax genomic DNA after agarose gel electro
phoresis and Southern blotting. Please see legend to
 
Figure 5 for sample descriptions.
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5 

DNA revealed that only the 0.6 kb DNA 
fragment gave strong
 

hybridization signal. Presently, the 0.6 kb fragment 
of pVM-9
 

was isolated, subcloned into pUC19 plasmid DNA
the and 


sequenced.
 

Construction of P. vivax genomic DNA library using pUN121
 

plasmid vector at Mahidol University
 

Construction of P. vivax genomic DNa also
library was 


carried out using pUN121 plasmid vectors 
(kindly provided by Dr.
 

Sakol Panyim, Department of Biochemistry, Faculty of Science,
 

Mahidol University). Approximately 500 ng of pooled purified P.
 

vivax genomic DNA was completely digested with EcoRI and the DNA
 

frdgments generated were purified before ligating to the EcoRI
 

site of pUN121. The ligated recombinant plasmids were
 

transformed into the E. coli JM107 host cells 
as described in the
 

Materials and Methods section. Approximately 50 ng of the EcoRI
 

degested genomic DNA was ligated to 
the equal amount of pUN121
 

vector previously treated with EcoRI 
and bacterial alkaline
 

phosphatase. The recombinant plasmids were used to 
transform
 

the E. coli host cells and only the transformants harboring the
 

DNA inserts were selected on LB agar containing the antibiotic
 

tetracycline. Approximately few 
hundreds of the transformants
 

were 
selected and screened for any clones containing the P. vivax
 

specific DNA inserts by hybridizing with 32p-labelled P. vivax
 

genomic DNA by the procedures described above. 
 Four clones,
 

namely, pVM-101, pVM-102, pVM-103 and pVM-104, which gave
 

relatively strong hybridizing signals with only the P. vivax
 

genomic DNA probe 
but not human genomic DNA probe were selected
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and used for further studies. The recombinant plasmids 
were
 

purified and the insert sizes determined by agarose gel
 

electrophoresis. 
 It was found that the plasmids and the
 

approximate 
sizes of the DNA inserts are as the followings: pVM-

101, 2.2 and 7 kb; pVM-102, 
0.6, 1.3, 2.2 and 6.0 kb; pVM-103,
 

20 kb; and pVM-104, 8.0 kb (Figure 19). Southern blotting and
 

hybridization of these 
DNA fragments with 3 2p-labelled P. vivax
 

genomic DNA revealed that the probe gave relatively high signals
 

against all of 
these DNA bands (Figure 20). Currently, these DNA
 

inserts are being studied for 
their sequences and the possibility
 

for uses as the diagnostic probe for vivax malaria.
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Figure 19 
 The EtBr staining of the 4 selected pUN121 recombinant
 
plasmids containing P. vivax specific DNA insert
 
cutting with EcoRI 
after agarose gel electrophoresis.

Lane I is molecular weight size standards. Lanes 2,

3, 4, 5 and 6 are pVM-101; Lanes 7, 8, 9, 10 and 11
 
are pVM-102; Lanes 12, 13, 14, 15 
and 16 are pVM-103;

and lanes 17, 18, 19, 
20 and 21 are pVM-104 at the
 
amounts of 400, 
100, 25, 6 and 1.5 ng, respectively.

Lane 22 
is the pUN121 plasmid vector. Numbers at left
 
indicate the molecular sizes in kb.
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Figure 20 The autoradiogram of hybridization of 
3 2 p-labelled

P. vivax genomic DNA against the 4 selected pUN121

recombinant plasmids containing P. 
vivax specific DNA
 
inserts after agarose gel electrophoresis and Southern
 
blotting. Please see legend to 
Figure 19 for sample
 
descriptions.
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6. Work collaboration 
with the Kuvin Centre for the Study of
 

InfectiouR and Tropical Diseases, Hebrew Univeristy, Israel.
 

The work carried 
out at the Kuvin Centre for the Study of
 

Infectious 
and Tropical Diseases, Hebrew University, Israel is
 

summarized from the three 
progress reports attached 
below since
 

the final report is not available.
 

The work was initiated during the visit 
of the principal
 

investigator to the 
Kuvin Centre for the Study of Infectious and
 

Tropical Diseases in February 1989. A pool 
of P. vivax infected
 

erythrocyte samples obtained from vivax 
malaria patients in
 

Thailand 
 were used for extraction of genomic DNA which showed
 

minimal contamination of 
the human DNA. The genomic DNA was cut
 

with 10 different restriction enzymes, namely, Eco 
RI, Bam HI,
 

Hae III, Xho I, Pst I, Alu I, Kpn I, Bgl 
II, Hind III and Taq I.
 

The DNA 
fragments generated were analysed by agar,3e gel
 

electrophoresis 
in order to examine whether any repetitive DNA
 

sequence was present in the 
parasite's genome. However, 
no
 

discrete band of the repetitive DNA sequence was 
detected either
 

by ethidium bromide staining or 
Southern blotting and
 

hybridization using 3 2 P-labelled P. 
vivax genomic DNA as the
 

probe. Therefore, 
it was felt that the simple strategy of using
 

the existing library of 
P. vivax or developing similar libraries
 

(using EMBL-3 instead of pUC13) will not 
work. Therefore,
 

another strategy was tried. The telomeric region from various
 

species of Plasmodium could be hybridized with the telometric DNA
 

fragemnt that been
has cloned from P. berghei (34, 35). This
 

fragment consists of a sequence of 4 base pairs which are
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repeated about 70 times 
in P. berghei (36).
 

However, the subtelomeric region of 
 P. falciparum
 

was found to consist of four different tandem repeats of 
various
 

sizes (37). These tandem repeat 
sequences are conserved within
 

P. falciparum while there was no hybridization to DNA from other
 

Plasmodium species. Therefore, the repeat sequences in the
 

subtelomeric region of 
P. vivax might be useful as a specific
 

vivax DNA probe.
 

In order to clone telomeric sequences, DNA was
 

prepared from 20 different blood samples. These samples 
were
 

tested for the presence of human DNA by dot 
blot hybridization,
 

using human DNA as a probe. Samples that contained least amounts
 

of human DNA were pooled and used for hybridization with 
P.
 

berghei telomeric probe 
(kindly provided by Dr. M. Ponzi from
 

Italy).
 

The results 
showed that the telomeric probe
 

hybridized specifically with P. 
vivax. The lowest amount 
of DNA
 

that was used for hybridization was 
 0ng. No hybridization was
 

found using human DNA, even using much
as 
 as 200 ng DNA. The
 

DNA was digested with Bal 31, ligated to the pUC8 plasmid and
 

transformed 
into Escherichia 
coli host cells (37). The DNA
 

library was screen by hybridization using the telomeric probe
 

from P. berghei. A few bacterial colonies 
were positive.
 

However, subsequent isolation of 
the clones showed that they were
 

rot P. vivax-specific.
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Further studies on the work 
done at the Kuvin
 

Centre for the Study of Infectious and Tropical Diseases were not
 

available due to the poor communication during the Middle East
 

War. Professor Dan T. Spira informed us later that there was no 

additional result of the project during his visit to Bangkok in 

late August 1992. 

58
 



CONCLUSION
 

Successful work 
on DNA cloning of P. vivax 
is presently
 

very limited. To the best 
of our knowledge, only three antigen
 

genes, one Duffy receptor, one small subunit ribosomal RNA gene
 

and 'one DNA probe of the malaria parasite were studied in details
 

(24, 33, 
 38, 39, 40, 41, 42). The main reason for the slow
 

progress is probably because the 
parasite can not be
 

cultivated in vitro. Therefore, 
The amounts of the parasite
 

materials which were derived 
from the infected man or animals
 

wvere frequently insufficient and usually contaminated 
with the
 

host's 
cells which complicated the purification of the DNA and
 

the cloning work. The main objective of the present study was 
to
 

construct the P. 
vivax genomic DNA library with the ultimate aim
 

at isolating 
the clone(s) containing the parasite's repetitive
 

DNA sequence for use as 
the specific and sensitive diagnostic DNA
 

probe suitable for large scale screenings of blood samples from
 

the suspected malaria patients. 
 This study took the advantage
 

of the recent successful work by Tharavanij et al. (26) who
 

were able to purify and enrich P. 
vivax infected cells from blood
 

of vivax malaria patients with relatively free from the human
 

leucocytes. Purified DNA prepared from such enriched samples was
 

partially restricted with the restriction enzyme Sau3AI separated
 

by agarose gel electrophoresis, Southern blotted and 
probed
 

with the 3 2 P-labelled P. vivax genomic DNA to look 
for any
 

repetitive DNA bands. 
 This study was the 
 first to reveal at
 

least 6 repetitive DNA fragments 
with 1.7, 1.6, 1.3, 1.2, 0.7
 

and 0.6 kb in sizes (Figure 5). However, two of 
these bands, the
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1.6 kb and the 1.2 kb were p.:obably human-specific since these
 

bands were also found after reprobing of the membrane with the
 
3 2 P-labelled human genomic DNA (Figure 6).
 

Construction of the 
P. vivax genomic DNA library was done
 

by ligation of the purified DNA fragments at the BamHI site of
 

the pUC19 plasmid vector, a 
similar strategy which was
 

successfully used in the cloning of P. falciparum repetitive DNA
 

sequences (14, 15, 19, 43) and 
a P. vivax DNA probe (33). By
 

screening of the genomic DNA library the
with 3 2p-labelled P.
 

vivax genomic DNA in comparison of the results with those of 
the
 
3 2 P-labelled human genomic DNA, 
a total of 11 P. vivax specific
 

clones which gave th,, relatively high hybridization signals 
were
 

identified and isolated. 
The sizes of the P. vivax-specific DNA
 

inserts ranged from approximately 0.6 kb to 2.8 kb. 
 Cross
 

hybridization studies revealed that they could be 
divided into 4
 

main groups in which some 
of them, i.e., pVM1, pVM3 and pVM6 
or
 

pVM-5 and pVM-7 may derived from a single original clone since
 

they contained a similar sizes of the with
inserts 
 the same
 

restriction enzyme digestion 
patterns. The findings of
 

differences in the hybridization reaction 
which reflected the
 

differences in DNA sequences among these clones groups 
were very
 

interesting and 
suggested that more that one repetitive DNA
 

sequences may be present P.
in vivax genome, a phenomenon which
 

has already been found in P. falciparum (22). Further complete
 

Sau3AI digestion revealed that the groups 
1, 2, 3 and 4 clones
 

contained the common P. vivax-specific DNA fragments of 
0.6, 1.2,
 

1.0 and 0.5 kb, respectively. Currently these DNA fragments 
are
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being analysed for their sequences and limited data showed 
that
 

they contained high (approximately 70%) AT base contents.
 

Purified DNA inserts from the 
representatives of the 4
 

groups of plasmids, namely, pVM-1, pVM-2, pVM-8 and pVM-9 
were
 

selected for used further as the 
probe-for hybridization against
 

DNA extracted from the vivax malaria patients. The findings that
 

all of the 32P-labelled DNA inserts hybridized with 
the similar
 

patterns to 
all of the DNA samples extracted from vivax malaria
 

patients without any cross hybridization against relatively high
 

amounts of human genomic DNA or P. falciparum DNA were very
 

exciting and confirmed that 
the probe was indeed P. vivax
 

specific and contained a common repetitive DNA sequence among the
 

parasite's isolates from 
several endemic of
areas Thailand.
 

Comparative studies between 
the 3 2P-labelled DNA inserts and
 

another P. vivax DNA probe, i.e., VPLI01 
and its subclone
 

VPLI01/5 (33), revealed that pVM-l 
gave much higher signals and
 

percent of positivity against 
these DNA samples than both VPL101
 

and VPL101/5 probe.
 

Although the lowest limit of the sensitivities of the 

probes in the detection of the P. vivax DNA has never been 

accurately determined in the present study because purified P. 

vivax was not 
available since significant amount of the human DNA
 

was consistently found even 
in highly enriched P. vivax DNA
 

samples, nevertheless, 
the probes could detect as low as 80 pg of
 

a pooled purified P.vivax DNA sample (e.g., 
pVM-1 in Figure 14).
 

This amount of the DNA detected by the probe was comparable to
 

several DNA probes reported for P. falciparum, e.g., 30 pg of DNA
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by PFR1-AP (12), 12 pg of DNA by pPFI4 (14), 25 pg of DNA by
 

clone 26 (19), 100 pg ot DNA by pUNKL-45 (20), etc. Considering
 

that one 
ring stage parasite nucleus contained approximately 0.02
 

pg of DNA (44, 45) and that the sample contained no human DNA
 

contamination, 
then the smallest number of the parasites which
 

could be detectable by the probe was approximately 4,000
 

parasites. Assuming a red count
that blood cell of 5 x 1061,,
 

this probe would be able to detect 80 parasites/ul in a single S0
 

ul volume of blood or a corresponding parasitemia of 0.0016%.
 

Although this sensitivity was slightly lower than the limit of
 

those detected by microscopy which generally detected 20-40
 

parasites/ul of blood (22), 
detection of the parasites by the DNA
 

probe technique probably had 
more advantage than the microscopic
 

technique in that it could be automated, thereby reducing the
 

time and labor in processing a large number of the samples.
 

Beside their uses for diagnosis, the DNA probes based on
 

the repetitive DNA sequences may also used
be for detection of
 

differences within the malaria species using the method of
 

Southern blot hybridization and chromosome analysis (22, 46).
 

The findings that the probes gave multiple banding patterns
 

after hybridization against Sau3AI
the restricted P. vivax DNA
 

samples suggested 
that it may be capable of differentiating
 

different P. vivax isolates provided that appropriate restriction
 

enzymes were used. The ability to differentiate among straias of
 

the parasites would be 
very useful for epidemiological study as
 

wcll as discriminating the organisms causing relapses 
 which
 

occurred very frequently in vivax malaria.
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The current requirement to use radioactively labelled DNA
 

is another major obstacle in the field application of the probe.
 

Since it was found in the present 
study that these DNA inserts
 

had high potentials to be developed as specific and 
sensitive
 

probes for vivax malaria, the current non-isotopic labelling
 

systems 
which have been claimed to be as sensitive, e.g.,
 

chemiluminescent techniques (47, 48) should 
be further
 

investigated for substitution of 
the isotopic technique.
 

In conclusion, more studies on the 
DNA sequences of these
 

probes are needed in 
order to discover the repetitive sequences
 

of the 
malaria parasites. Further applications, e.g.,
 

combinations of the oligonucleotides probes or the use of
 

polymerase chain reaction using 
the primers based on the
 

repetitive DNA sequences 
 may provide a highly sensitive and
 

specific tool for the diagnosis of vivax malaria.
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Diagnosis of Plasmodium vivax malaria using a specific dtoxyribonucleic 
acid probe 

s'endy A. Relf', Robyn E. Boreham', Pramuan Tapchaisri', Srisin Khusmith3 , Andrew Healey', Peter 
Upcroft', Savanat Tharavanij 3 and Chev Kidson' 'Queensland Institute of Medical Research, Brarison 
Terrace, Brisbane, 4006, Australia;2Alcnzies School of Health Research, Danvin 0811, Australia; 'Department 
of Microbiology and Immunology, Faculty of Tropical Medicine, Mahidol University, 420'6 Rajvithi Road, 
Bangkok, 10400, Thailand 

Abstract studies (iHOLMBERG elal., 1987; MCLAUGHLIN et al., 
Adeoxyribonucleic acid (DNA) probe which speci- 1987a) fewer than 500-800 parasites/il could not be 

fically distinguishes Plas-nodiun vivax from P. foki- reliably detected. DNA probes for P. t'ivax that could 
parurn malaria htas derived from detect low parasitacinias would be a great asset forbeen a P. vivax 
genomic DNA library. This probe, YPLIOI, consists epidemiological and clinical investigations. Recent 
of 3-2 kilobase pairs and does not hybridize with up to data (LAL ei al., 1989; WATERS & MCCUTCHAN, 
6 ptg of human or P. falciparum DNA. VPLI01 1989) demonstrated that short oligontucleotides, label
contains at least two copies of a 205 base pair repeat led with 32P, and derived from unique regions of 
sequence. The subcloned repeat probe, 'PL101/5, Plarnodium spp. ribosomal RNA gene sequences can 
reacted with 73 of 76 microscopically diagnosed P. detect very low numbers of parasites and are species
vivax samplrs but not wit'i any of 17 human DNA specific. These have yet to be tested comprehensively 
samples or any of 8P. falciparuwi DNA samples from with clinical samples, and hence shown to be suitable 
culturcd parasites. It was possible to detect P. vivax diagnostic tools for field analysis in situ. We report the 
in mixed infections in which only P. falcipariusn development of a specific and sensitive DNA probe
palasites were identifiable by microscopy. This P. which can routinely distinguish P. vivax from P. 
vivax DNA probe provides a useful epidemiological faliparum in clinical specimens obtained from all of 
tool for malaria control programmes. the world's major endemic regions. Funhermore, its 

size (3-2 kilobases [kb]) renders it useful for both 
Introduction radioactive and non-radioactive labelling techniques,

Control of malaria represents a major challenge, a an advantage which may well be exploited in field 
one-third of the world's population inhabits endemic applications. 
areas, with more than 100 million cases per year
(BRUCE-CHIwATr, 1987). The 2 most prevalent hu- Materials and Methods 
man malaria parasite species are Plamiodsum falcipar- Preparation of probe 
urn and P. vivax. With its higher worldwide frequen- A P. vivax genomic DNA library was constructed 
cy, its greater fatality rate and the appearance of using partially purified parasitize,! crythrocytes 
drug-resistant strains, P. falciparun has attracted the (THARAVANIJ e al., 1987) from apool of4 Thai blood 
most attention. The ability to culture P. falciparurn in samples. Following saporin lysis and digestion with 
vitro has enabled more detailed studies and hence proteinase K (Boehringer Mannheim), DNA was 
grcater advances at the molecular level. But P. vivax cxu;ctcd (MANIATIS el al., 1982) and purified (HAT
is also widespread, causing more than 90% of malaria TORI & SAKAKI, 1986). Partially Sau3A-cleaved 
in rcions as diverse as the Middle East, Central (Promega) DNA was ligated into the BornHI site of 
America and China, and is the main species responsi- pUCI3 (UPCROFT & HEALEY, 1987), then trans
ble for relapsing malaria (WERNSDORFER, 1980). formed into Escherichia coli JM109 host cells (HANA-

Microscopists can generally detect 20-40 malaria HAN, 1983). Transformed colonies were transferred to 
p'raites per t!of blood (WHO, 1986) but in thick niuroccUuluse filters (HANAHAN & MESEI.SON, 1980)
frms, typically, 10/il may be detectable. Conuol and screened with 32P-labelled nick-translated human 
programmes require specific, sensitive, cheap di- IP.falciparum or P. vivax DNA. 
agnostic methods to supplement and pcihaps even
tually to replace microscopy. This applies particularly Hybridization of P. vivax clone to paraiite DNA 
in endemic areas where low parasitaemias and mixed Clone VPL101 reacting with P. vivax DNA and 
infections may result in substantial underestimates of containing a 3-2 kb insert was hybridized to parasite 
the malaria prevalence (BOYD & KITCHEN, 19. 7 ; DNA as follows. The test DNA samples wert sheared 
BRUCE-CHWATT, 1980; CATANi ei al.,1986). Deoxy- using a26-gauge needle, and heated in 0"5 ml 0'4 N 
ribonucleic acid (DNA) probes have been developed sodium hydroxide (NaOH), 10 mM ethylene
for P. falciparum which can detect 40 parasites/pI diaminctctraacetic acid (EDTA) at 100'C for 10 min 
under optimal conditions (FRANZEN el al., 1984; and applied to Zeta-Probc ® membrane (Bio-Rad) 
POLLACK elal., 1985; BARKER etal., 1986; GUNIAKA under vacuum (REED. 1987). The membrane was 
ei al., 1986). However, in some corresponding field rinsed in 2xSSC (standard saline citratc) and stored at 

___-20CC until required. VPLI01 DN'S insert was 
Correspondence should be addressed toP.Upcroft, Queens- labelled with "2P by nick .ranilation and denatured 
land Institute of Medical Research, Bramiston Terrace, with NaQH (MEINKOTH & XIAHL, 1984). The mem-
Hcrston, Brisbane, 4006, Australia. brane was hybridized in 2xSSPE (0-18 M sodium 
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chloride, 0'01 At sodium dihydrogen orthuphosphate,
0-001 M EDTA), 1% sodium dodecyl sulphate
(SDS), 0'05% non-fat milk powder, 0'5 ig.'ml sa!-
mon sperm DNA and 10% dextran sulphate at 65'C. 
Washes were performed at 25°C in 2xSSC-t0'l% 
SDS for 30 min followed by 0"xSSC+-O 1%SDS for 
15 min at 65*C. Filters were exposed fur one hour 
and overnight on Kodak XAR-5 film. 

Subclining of VPLIO1 inscrt 
BamHl-clcavcd VPLIO1 insert was purified

(BURNS & BEECHAM, 1983), cleaved with Hpall, and 
the resulting DNA fragmients were subcloned into the 
Accl site of pUC19. Subclones from VPLi01 were 
prepared for dideoxy sequencing (SANGER elal.,
1977; SANGER, 1981), The VPLI01/5 clone was 
selected for hybridization studies using clinical sam-
pies. 


Samples frmj patients
Malaria specimens were obiained witi the co-

operation of private a Jhospital pathology laborator-
ics in Brisbane, Australia. Most specimens were 
collected from patients who had returned to Australia 
following avisit to malaria-endemic areas in the south 
Pacific, south-cast Asia, south Asia, the Middle East
and Africa, and from asmall number of persons lising
in endemic areas and visiting Australia. One to 5 ml 
of blood were collected into EDTA, erythrocytes
Ised with sapotin, and white blood cell and parasite
DNA extracted (MANIATIS etal., 1982). Because P. 
vivax cannot be readily cultured and it is not possible
to separate completely all white ccU DNA from
parasite DNA (TiARAV'ANIJ i al., 1987), estimations 
of the amount of parasite DNA in samp' .could be 
made only from the known white c. counts and 
estimated parasite counts for each patient. The total 

A 1 2 3 4 B 

- b 

0 

DNA of each sample was determined (AIANIATIS ei 
al., 1982), assuming one white cell nucleus to contain 
6 pg DNA and one parasite ring nucleus to contain 
02 pg DNA (WHITFIELD,1953; GOMAN et al.,

1982). This calculation did not consider the propor-
tions of the parasite stagts present. Therefore total 
DNA refers to both white blood cell and parasite 

DNA. 
VPL101/5 DNA insert was radiulabelled and hybri

dized to DNA from the clinical specimens as dc
scribed above. 

Souther tranifir and h)bndization 
5 pg total DNA were digested with Hinnf, sub

jected to agarose gel clecuophoresis and transferred to 
Zcta-"robc6 nylon membrane (REED, 1987).
VPLl0l/5 DNA insert was nick-translated as pre
viously described and hybridized overnight. 

Results 
Preparationof the probe

The 32P-iabilled VPI01 insert (IQ ng DNA) was 
found to react With P. vivax DNA bit not with up to 
6jig of pure human DNA or 6 
falciparum DNA obtained from cuhrurcd parasites
(Fig. IA). The insert of VPLIOl, although part of a 
Sou3A library, could be cleaved with BanaIl. The 
excised insert was further cleaved with Hpall and 
subcloned. The sequences of the inserts in subclones 
VPL1Ol/5 and VI'LI 117 are shown in Fig. 2. The 
240 base pair (bp) sequence comprising VPL1I0115 
contains 205 bp of a repeat which occurs at least 3 
times in the P. viax genomie, as judged from
restriction cndonuclease cleavage, hybridization and 
partial sequencing of VPLI101 DNA insert together
with sequence data from its subclones. Comparison of 
V'PL101/5 and VPLI01/7 shows that some base
substitutions, insertions and deletions occur in the 
repcat sequences (Fig. 2). Nuclcotidcs 1-35 of 
VPL101/5 arc the same as nucleotides 205-240,
except for achange from cytidinc (C)to thymidine (T)
at positions 34 and 239, which suggests partial or 
complete taodem repetition of the total sequence.
VPLIO1/76 is asubset of VPLI01/5 with some minor 

1 2 3 4 5 6 7 8 

, • s
 

Fig. I. A. Spcificity of clne VPLIOI DNA fn P.tnvaab'dot blut 
hybridization Lane 1: dilutions of clone VPLIOt DNA containing 
40 ng, I ng, 4jig, 500 pg,50 pg. 5pg and 05 pg D.NA. Lane 2:
dilutiunsofpooltd P. st'o. blood5zaomic DNA isolicd from hitc 
ecU5 al.1987); the picise quantitydcpltecd.&amplcs (THA .AV^NI Jt 
ofP.gu.a, %as indticrminible. Lane 3; human DNA, 6 pgDNA 

and I ". Lane 4; P. faliparum labotalury isolate
VI DNA, 6 pg 
and 1 pig.Dilutions arc from top to bottom Auioradiography was (or 
24 h. 

0. Dot.bloi lsybridizadon of VPLIOt,5 DNA inentaIbcUcd ,ith
alp with samples from selccd patients infected with P. tanua (Pv) or 
P. fakiparum (PI). Row a, 4 pg of toialDNA; tow b, I 5 pg total 
DNA (except for column 1, in uhich tow arcpaelscns 0 5 pg clone 
VPLI0t. DNA and iow b itblank). Column 2: P. faliparum
laboratory strain HB3. Column 3:human DNA column 4; Patient 
i-'a43, 00025% parashtiemia. Column 5; Pv 44, 0005% pars
siaLmi,. Column 6: Pi 45, 00025% parasitactnia Column 7: 
Pv 4),0 14%pamrdaen ja. -olumn S.PI 29, 0641% parasitaemis.
Atotadac.raphy wai for 24 h. 

nucleotidc changes. The lengths of the different
subcloned DNA segments reflect sequence variations 
involving Hpall sites. VPLIO1/5 was chosen as the 
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60A I CGGCCACCCTCCAGGACAGJGACAGGTGTCCACCCAGCCTGGGAGCCCTTGGCTCt.aGA 
I1 IIIIIIIIIIII l!lllIl 

13 1 CC-GGGAGCCCTTGGCTCAGGA 21 

118R 61 TCTGCGGGAGCATCTTGGTTTCGGGACT--GCCGAACTTAGGAACTTAGICTGCACAGGT 

B 22 TCTGCGGGkGCATCTTGGTt TCGGGACTCCGCCGAACTTAGGAACTTAGTCTGCACAGGT 81 

118A 119 GgGAGTGTGCACCAqAGAAGCTGACAGCTTCTGGGACAGGCGGGACACAGAGCCTCTGAG
II 11 IIIIIIIIIIII IIIIIIIIII III II II III IIIIIIIII III I llII 

1 41B 82 GAGAGTGTGCACCACAGAAGCTGACAGCTTCTGGGACAGGCGGGACACAGAGCCTCTGAG 


240
A 179 GAANCGCCCATTTIGGGCCCAGATATCCGGCCACCCTCCAGGACAGAAGACAGGTGTCCATC 

IIIIIi r iIIIIIII I I II I I II iiI
 

B 142 GAANCGCCCATTTTGGGCCCAGACATCCGG 
 171
 

Fig. 2. Nuctotide wtqucutmb of \'I'LOIS5 and VPI.101,7 DNA incrti. Row A: VPL 10115 DNA iamit, Mnd low B. VPLI01,7 DNA insert. 
Vertical lnc% inidicate matching bases; thegaps,nclru&cdcliots; N= undctermiaed babe; internal Jpall sits areunderlined. The Icn'rh of the 
repcat unit it205 bp bcgi ,aingatthefiitnuclcotide to row Aand continuing to the sccund arrow. In low B, the deletion of one biee &tposilon 3 
cleatee an UIpall stae. 

Table. Reactivity of VPL01/5 DNA insert 
DNA source 
P. falciparum' 	 Indetcrminablec 

I'. 	Vivax P. faciparum laboratory malaria 
patients patients strains Humanb species 

Total no. 	 76 23 a 17 10 
of samples 
Nc.. of samples 73 4 0 0 4 
reacting with VPLI101/5 
DNA insert 

&6 pg DNA samples from established laboratory P. faciparum isolates FCQ-27/PNG, FCI, VI, 7G8, FC64, NF7, 
K I, and HB3 were tested. 
9 pg 'of human white blood cell-derived DNA was tested. 

'These patients were infected with species which could not be idcntified by microscopy based on pi.uiaite 
morphology as judged by several independent microscopists. 

cinica probe because it contair:d asingle copy of the Papua New Guinea, Solomon Islands, V'anLlatu, 
specis-specific repeat sequence which may be highly Thailand, Malaysia, Indonesia, India, Sri Lanla, 
conserved in the gcnomes of differcni geographical Pakistan, Afghanistan, Iran, Turkey and Zaire, so il 
isolates. can be concluded that a wide range of parasite strains 

was recognized by the probe. The 3 probe-negative P. 
DNA hybridiza;ion w paiient sauples vivax cases had parasitacias which were theorctical32P-labelled subclone VPLI01/5 DNA it,,ert did ly in the detectable range (0"72%, 0'002%, 0'005%). 
riot recognize huu~an DNA in dot-blot hybridization Perhaps the diagnosis by morphology was incorrect, 
(Fig. IB) but di, react with 96% of patients' samples but a technical basis for the non-rPacL6on of these 
(Table) diagnosed as P. vivax by microscopy. Para- samples cannot be excluded (FRANZ.3N ,Ial., 1,984; 
sitacmsas gting positve blots ranged from 0'0002% BARKER elal., 1986; MU.ENSKt v al.,1986; FL.:',-G 
to !% in 10-200 itl of blood. Patierts came from of al., 1987). P. ivax has long been th.ought to 
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1 2 3 4 5 6 7 8 Four of 10 cases in which the parasite species was
 
indeterminable by microscopy were positive with the


Lip probe, thereby illustrating the uncertainties inherent
 
nparasite identificationi by morphology alone (MAEG-

RAITH, 1948; PATrEKSON ti aI., 1987). Possible
2 036-	 cross-reactions with P. malariaeand P. ovale have vet
 
to be explored. However, in most countries P.
 
falciparum and/or P. vivax predominate and the major

challenge is to distinguish between the';e 2 species or
 
to identify P. vivax at a low parasitaemia.
 

1018-	 Southern hybridizatio, of patients' scmpl ae 

In Southern hybridization analysis ofDNA cleaved 
with Hinfl (Fig. 3), the VPLI01/5 DNA probe

517- hybridized to amajor 1"4 kb band in bamples which 
hd been diagnosed as positive for P. vivax by
dot-blot analysis. Some minor bands of variable size
 

344- hybridized weakly. This was only true for the 2 P.
 
falciparum cases with assumed concurrent P.'vivax
 
infections (Pf22 and P120), which gives confidence 
that the positive dot-blots did indeed reflect the 
resence of P. r'ivax. 5 pg of pure P. falciparul or 
uman DNA failed to react. 

Fig. 3. Southern blot and P.falciparnm tP/) 	 Discussionanalyii of P. vivas (P)
patient samples wbh VPLI01/5 DNA insert.Lane 1: patient PJ51
 
(044 rgPvDNA,0003%paraitacmia). Lane 2: Pv 52(28 ngPv The VPLIOI and VPLIO1/5 DNA probes provide
 
DNA, 0'21% paratitacmia). Lane 3 : P, 54(24 ng 1 DNA, 0-17% an objective means of distinguishing P. vivax from P.
 
parasiiaemia). Lanc4: Pv 55 (21ng P,DNA, 013%paraiiacmia). falciparum in many areas of the world where both
 
LancS:P.akiparn ab~ratory strain 7GS (5 pgP/DNA) Lanei6: parasite species cause human disease. Like' other
 
human (5 pg white blodd cel DNA). Lane 7: P1 20 (43 ng II DNA probes, they require adaptation using a non-

DNA4 unknown Pv DNA, 029% P/parasitaca.). Lane 8:Pi 22 radioactive label (MCLAUGHLIN el al., 1987b). Pre
(229 ng P1 DNA4unki owh Pv DNA, 142% P1 parasitsemaa). liminary non-isotopic labelling experiments with
 
These %asno direct cotelation bicticcn
the signal strength and the
 
amount of P. 'vasDNA prctem. Auioradiugtaph) wasfor48 b. VPLI01 have detected <1 pg of target DNA. The
 

capacity to use stable, .* n-radioactive labelling will
 
be an advantage for field studies. If necessary, signal
 

comprise s speeics complex (GARNI-IAM, 1966), and it amplification could be achieved by the polymerase

ispossible that these 3probe-negative strains belong 	 chain reaction (ERUCH a al., 1988). This would beto asibset oftP.hivax inwhich the VPLI01/5 repeat feasible in large laboratory-based investigations, as
 
toa s ot beevn wctc L rewould the use of short oligonucleotides, labelled with
sequence has not been conserved. phonroo eesfrdetonfP/u-


The intensity of hybridization did not correlate 32P, from ribosoin. genes for detection of Plama
with the level of parasitaernia. This may have betn 	 dium spp. (LAL et at., 1989; WATERS & MCCUTCHAN,1989). Both these techniques are highly sensitive, but
 
due to inconsistencies in DNA extraction, the pre- usa9e Both be liid a hiel ses but
 
sence of non-viabl' parasites following drug treat- usage would be limidted in field studies because of
 
ment, the presence osdifferasit proportions of parasite
men, te pepue fpaast strict technological requirements.o'dffeentproorton The use of VPLIO1 in miied infections could be of
 
developmental stages in each case, or to variation in T
 
the number of repeat sequences in different P. vivax particular interest. Within 2 months of successful
 
isolates. drug treatment of P. falciparun malaria, P. vivax
 
Four patients dianosed as having P. alciparum appeared in 104 (33%) of 319 patients in Thailand
 

malaria showed a positive result with VPLIO1/5 DNA (LOO^,,ESUV lal., 1987). These data arc consi4
insert (Table). Onc patient (P122) subsequently tent with acute suppression of P. vivax parasitacmia
 
developed a P. vivax infection, confirmed by micros- by P. faldparum (BOYD & KITCHEN, 1937), with the
 
copy, 2 months after treatment with quinine and concurrent P.vivaxinfection becoming apparent only
Fansidar for the P.falciparum attack. A second 	 after the elimination of P.falciparum. This illustratesFatint. Pfor0 hedP.ac ttack.patient. (P120) had recurrences A slini malariaon 	 the potentiala usefulnessconcurrent of the VPL101of clinical c alaria to identify 	 DNA probesP. vivax injection. Thb P.
 
after apparen'Iy successful treatment for P. falcipar- t 

um with quiilne. Neither patient had returned to a - and P. fakiparum D probrs now available
 
matarious a:ea. Both findings are consistent with provide important tools for kpidcmiological analysis

initial mixed infections In which Pl'. ;vvax parasites and control programme monitoring. They may also be
 
were not detec.able by microscopy using thin and useful in screening blood donors, especially in malar
thick films (i.e., < 10 parasltes/la) but wer detectable a-cndemic countries. In addition, the development of
 
by the DNA probe. T c other two P.fakiparum cases P. aciparumvaccines and their application to human
 
were not available for follow-up, to mixed infections populations may result in an upsurge of P. vivax, 
cannot hi excluded in these cases. Since 6 pg of pure which will require . curatc monitoring by such 
P. fai ,arum DNA samples derived from cultured 	 means. 
parasites did not react with VPL1OI'5 (Table), we Acknowledgemetas
conclude that the DNA Rrobe does not recognize P. We thank Dr A. Saul for assistance with analysis of 
fakiparum DNA. 	 sequence data; Dr F. Hunt, Di R. Cooke, Dr R. Pgecill, J. 
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The f i rst st,'jges oF this pro.jcct wcre dvvc)tczd mainly to 

establ i sh basic tc:chalo ogi : ieedc.l f or the nuc.c::ess f ul 

performance .f the various steps outlinced i n the: grant proposal. 

Due to thei lack of available viva' DNA. Lb i.. we P.[N at: tim, used 

begr'bi.. .fr'om iiFuc:tied mJ ce and F. fa.alcifprum 'fror cullturea a7' 

"sur'r'(: ,.a:." DNA. uo..lt are a-war"c.,(All I I "'e 1 ii l' t DNA From diFFer'ent 

sp (:ci of:;c:. F'. IL)J o i'df ers both in : otn n.r im'... i c. r c~ cr:osi t ic ,od in 

structur'"e we cons idered i.U" an appropr iate:. rm .cccJ..J. 's:ystnt, 

NuLmerc. ex tract 01lci of )NA 'From SapuriI. r e .rd P. berghei. 

in ccte:J mous: r'e.I bood ce.lls yielded aIbo:cuIt. 1-2 u.J DNA per ml 

in.fec:t.d blood at ,30,.pr'Liv.i Lemi a. It was obvious thnt, Q. viva: 

DNA namples will revor' ho, of this magrnitLude, and thpreF or. only 

the most frugal emu:)rrimcrn:'is cCould be perf ormed . ri the FLItur e. F. 

.b..r*y.Ii:: DNA serv'd also .as 'the model Frjr' the prepa:rati on of a 

.rnr.amc. 1i. brary .s'-;i.ngc. EMI'cL.3 vector. Wco coc: entrated an thi .s 

r 

the Thai 'u(Lst r al i a" team.. , sc. that two di I[ C{ er'n1 librar es 

cbtailned by di.Ffer:rnt mr..eans could be cc-Jmpsred :ir t-1ir: 'fLIt:ure. To 

ac:hieve maximal rloning c?.f'fi cienc:y the DNA had to: be purified to 

vec:: r' :o compl.emernt acn. expad the library already prepnr'ed by 

a high degre. Var'i oJs tecl"rniquces oF DNA preparatLiron have been 

compared to achi.eve purity with minimal lcoss curi.rg this process, 

so that oven tiny amourts of DNA extracted from F. y.vaV samples 

will yield useful preparations. 

Among the techniquea examinuc., which included direct 

extraction from gel slii:es, electro].ution arnd "Elutip D" columns 

and othwr accepted procelures, we chosco 3r:hleichr A FSchull 
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Et'utip D as the most efficient and DNA conerving. For mami.imal 

eff i ci er1cy the appropri ate physical c:rjndi ti ons lhad to be 

established. The sL-vdardization r.f this qtr.p too: must of our 

efforts prior to Prof. f:rmuans visit and the delivery of F. 

',t Q... ;..c intfc.cted 

c 3.lect:t:: fr'om ptrr :i[r T:ir"n'hai concentrateid using thn 

Tthr. f i rst xpr rimnrnts using iy from b.oorI 

I lard and 


method c..ecribhed i. n Lhe grant propomal were DNA e; tr,'ction 

t.i I rig Lh Man i. ati ii mr'Lhad, am amp rJyod by th. Tha i -Austral i an 

team. Tis erxtr' Pr-edure was lat.er t:I; i::1,'n c:omp ar ed the methodr.I 

usia3ed by Wial]a("h ":t al. "f.aic:.'ip...urr anCd .fo aiii:l P:' Ib)..rg.bhi. 

A. pr" sent we ar. a.. empCing to findi I i:rcibes t.hat would 

hydr.1dJ.: to d..ffre!re t i P. ' ybr idize. toi .sol.atesof vi.v n.nd not" 

DNA from other species o F Plasmod i a whi(ch cauld be used to 

ala].yle2 blood samples from patients .uSpected of being infected 

with thf' t:r. P:.ir.s.y.vi a shows a hi l'i level of karyotypr 

pol ymorphi sm ,'.s a, bn shown by l..ancgl.'y (1.901) on isolated 

parawito':s :btairned .fro'*.'m di..fforer'Ct patient:s. Our approach is to 

Find a'r'p. -tiv. .ecequernc::ce that c:an be used in a highly senlttive 

DNA prob.': For t'his pur ":,se, we extra:ted DNA from F. v.i vai 

parasitens isol ated from four pools of infec:ted paionts, cut 

with different restr'ic:tion enzymes in order to see whether they 

contail repetitive e.:. rices. The erzymrs used were Ha-.III, XhoI 

PKtI, AVUI, KpnI, EglII, HindIII and TaqI. The sa.mp)lrs were run 

on O.8%' agarove gel, and then stained with ethydium bromide. No 

detectable discrete band proving the presence of repetititve 

,3.
 



eque.nc s have hr-'n drce.:tod. "1"o i m:)rarp.'' nn onrnsi i ivi t"y i r 

addition to dir*,::l: ort'hyd ium bromide Sout:herr blottin.cj wam also 

used to det.ec:t, discr'te bands but. this high].y sensitive methcid 

also could noat i 'itw rc:pc t.it.i.v. sequenices in our scamples. 

The rosults of ocir Southern blotting m:m.cperiments thus far" 

stlownd that rio hybr'idization was obtained un.ing 100-200 ng. P. 

100 nyi.h,.,' DN( asv .a, DNA, nan or clone VPL11 (20 r in ) probes 3' 

a blot c:ntairi ng 60--.1-)C) ni of F'. v..'. DNA cut wi. th th( 

reatr iction enzymes On=mH and HindIII and hybridize~d overnight. 

We then perf ormcd blottinq e::periments t.o datcrmine the . level of 

non.ie I:..vity tih,,'' robos. Hu DNA ii cned amvo r'oh e cldn of lur..i n; ,-a r:rLnb1 

d:':thct as . it:tl -. L j human DNA a In on,rcI of aIn Mt. additi w 

able
wer 1e : d...t (0 pg Q clone VFLI.1 i n an o:vcrnight: 

rn~posi.crc'lThus it woild appear that P.. viv;,DNA J. eithercont*s 

very low afllIo..rts of rope?,.ttitive DNA, or nx.:t.r'm,n heteroq ei ty of 

sequerl:r, do rnotr'el')(t tiivv... q whirh croc.ss-.hybri,dize withi n a given 

r.,:ul. i:s ho that" thcrr very e (1.esn 
tharn 1%) humanur DNA prcusrnt in the P, v.yta., -mplrm so fr 

i s late. Tlon:;a al s sllc:cw i. litt l.1 

anal :.e , 

In order tor.cii st. riguihl h catwmc- the' po:ssiili ty nf r-vi. th :r 

].ii.tL:,: or no reretitive DNA in the F. Viy., g&earcome, or a very 

high levl] cf huter-Oenrei.ty between repetitive elements Sour.hern 

blcitting em.perimert. will be carried out unider conditions "Q 3.ow 

hybri. di.at i ,ri 

restriction erzymes woulld he testec.c to pr'oduce a pattern most 

st.ringency. Should ; be det:ted, th.-in va.iosL 

suitable ,for cl.orirg. !tjwcver, if under low ,tringency crnditionrs 
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little (r no hybr.id.di 'in is detiec:ted, we wo,.tld conc.ude tha: 

finding- a DNA pr'nhb wiLth greate:r snsi tivit,' .ind poc.f r.1.i'ty than 

VPL.IOI is very unlike. 
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During the 
 visits of 
 Profs. Pramuan in Jerusalem and -pira 
and Wallach in Bangkok it 
wasn felt that 
 the simple strategy of
 
using the evisting lihrary 
 of P. vyivx or developing similar 
libraries 
(using EMBL.-3 instead of: 
 PUCi3) will 
not work. Testing
 
for repetitive sequences using a variety of restriction enzymes
 
also did not give usefull 
results. This, in addition to 
 the high
 
level of 
 DNA polymorphism in P. 
 led uiva.us to seek a different
 
strategy. Therefore, after 
 consultations 
and deliberations we
 
decided to 
 try the following strategy: 
The telomeric region from
 
various species of 
 P.asmodium. c:oulld be hybridized with the
 
telometric 
 DNA fragment that has 
 been cloned 
from F. berg.ei 
(192). 
This fragment consists of 
a sequence of 
4 base pairs which
 
are repeated about 70 times in P.. 
 bege.i (3). 

However, the subtelomeric region of P. factparum was found
 
to consist of four different tandem repeats of (4).
various sizes 

These tandem 
repeat sequences are 
conserved within P. falci.pa:im 
while there was no hybridization DNAto 
 from 
other Piasmod!.urn 

species. 

We have therefore decided 
 to look 
 for repeat sequences in
 
the subtelpmeric region of 
 P.Y.vxA, 
 which might lead us to a
 

specific vivax DNA probe.
 

In 
order to clone telomeric sequences, DNA was prepared from
 



20 different blood samples, of 
those originally supplied by Prof.
 
Pramuan. These samples 
were tested 
 for the presence of human
 

DNA b y dot blot hybridization, using human DNA as a probe. 
Samples that contained least amounts of human DNA were pooled and 
used for hybridization with P. berghei telomeric probe that was 
kindly given to us 
by Dr. M. Ponzi from Italy.
 

The results showed that the telomeric probe hybridized 
specifically with P. yiVya . The lowest amount of DNA that was 
used for the hybridization was 10 ng. No hybridization was found 

using human DNA, even using as much as 200)ng DNA. 

The next steps in our study will be: 

1) Cloning of 
telomeric sequences in 
PUC8. 

The cloning strategy for this process has been 
 described by
 
Van der Ploeg et al. 
 (5). Brlefly it consists of digesting the
 

DNA with Pal 31 in 
order to create blunt 
 ends and ligating the
 
digested DNA 
 to a linearized plasmid. 
 The recombinant molecule
 
would then be digested with 
 in enzyme that 
 does not 
 cut the
 
vector. 
This would enable to obtain smaller molecules. These will 
then be diluted and circularized. Finally, transformation into 
an
 

appropriate host would be done.
 

2) The library will 
be screened with the telomeric probe from P. 
berghe'i. to find clones containing some of the subtelomericregion. These cloned would then be used to continue screening the 



1 i brary. 

3) The various clones would be sequenced. Those containing 
repeats would be checked for further use as probes with the 
various samples of P., yiv DNA. The sensitivity of di fferenlt 
probes can then be performed by doing the hybridizatiorn atdiffprent levmlw of stringency. The moaut nenuitiye probes cn 
then be field as described in the original proposal. 

At the time of writing this report the first experiments 
concorning the tWIomer, cloning have been done but more con
clusiiVe answers could be obtained only in the near- future. Not 
to prolong the period between reports any longer, this one 
therefore expresses more our theoretical considerations and 
library work than laboratory proqress. This, I am convinced will 
be different in the next period. 
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In our last report we proposed to concentrate on subtelomeric 

repeat sequences as an appropriate strategy to achieve sensitive 

and specific probes for P. vivax diagnosio. Lu lumu, . wasrThe 

found to be common to all plasmodial species (1), while the 

subtelomeric region contains species specific repeat ;equencez 

promissing both sensitivity and specificity. p. falcparum 

subtelomeric region consists of four tandem ropeat:; of various 

sizes (2)
 

The strategy we adopted in this work 
 was to clone the 

telomeric sequence. first tried onAt we it. human DNmA, s;ince it 

is difficult to obtain P. vivax DNA. The procedui-o ud wlih haL; 

beon described by Van der Ploeg and Ponzi (3, 4), ,-niM. of 

(3, 4) following steps:
 

a. Digestion of high molecular weight DNA wiLt'h n c:a:.c: 31DI 

±or 5 minutes which reduces molecular exti-rcmitjc.- by a 

limited number of base pairs and creates blurnt ond.-;. From 

previous experience we treated the DNA for 5 n'in rcducii:j tilm 

end by about 60 nucleotides.
 

b. The vector used was pUC8 w.'ich have been double dige.;ited with 

SinaI which creates blunt ends and by B,3imHT which creates 

sticky end. After digestion with the restriction ur:suuc;, DNA 

was extracted with phenol/chloform and prcii rated by 

ethanol.
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0. 	Ligation of Bal 31 digested DNA to SmaI restricted pUC8 was
 

performed overnight at room temperature in the presence of 3
 

WU T4 DNA ligase.
 

d, The ligation mixture was then digosted with Bgl II which has
 

no restriction sites in pUC8, but generates in the p1Ismodium
 

DNA (or in human DNA) sticky ends complementary to thoso
 

generated by BamHI in the plasmid.
 

e. The 	ligation mixture was digested for a second time with SmaT
 

and BamHI to reduce the background caused by reconstituted
 

plasmid, not containing plasmodial DNA.
 

1, DNA was extracted by phenol/chloroform and precipt.,dtd by
 

ethanol.
 

g. 	Dilution of the mixture to a plasmid concentration of 2ug/iml
 

to favour circularization of the recombined molc-ules. Sticky
 

end ligation was performed overnight at 40C by adding 2 WU T4
 

DNA 	ligase.
 

h. Transformation of XJI blue cells was performed using the CaCI2
 

procedure described by Maniatis at al. (5). Selection of
 

recombinant clones was by plating in the presence of IPTG and
 

X-gal. Foreign DNA at the cloning site results in the loss of
 

B-gal complementation.
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We repeated this procedure 3 times without succeas. Therefore
 

we did the following changes of the original procedure to 
ensure
 

mQre efficient ligation of the blunt ends.
 

1) After treating the DNA with nucleaso Bal 31 only a fraction of
 
DNA molecules in the reaction mixture will have blunt ends
 
that are suitable for ligation. DNA treated with Bal 31 
can
 

therefore be repaired by 
an end filling reaction using the
 

Klenow fragment 
of E. coli DNA polymerase I. This reaction
 

has been performed after step a), 
 using reaction condition
 

described by Maniatis et al. 
(5).
 

2) Step e) which contains double digestion with Swal and 
bamHI
 

had been omitted because this
to reaction the plasinodium
 

DNA fragment could 
also be digested with SmaI and therefore
 

will not have sticky ends available for the second ligation.
 

Instead it has been digested with BamHI only or ha 
 not been
 

digested. We 
found that both changes of the original method
 

gave almost the same resultz improving yield of clones.
 

Using the method with 
the modifications 
that have been
 

described above we 
got a P. vivax library of about 200 clones. 
40 lones have been isolated and been
have checkced for the
 

presence of an 
insert by double digestion with PstI-ECoRI (these
 

two enzyme sites are located near the ends of the insert.
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Seven clones have been 
found to contain inserts ranging in
 

size from 2.3Kb to 0.3Kb. Southern blot was performed for these
 

clones with probe pTel, prepared from 2 . bjjitlJ (4). Two clones 

were found to hybridize to this probe.
 

The two clones have been used 
for the hybridization with ten
 

diffarunL P. vLvdX DNA 2dcIIplu. U'iny dtuL beL uyuL.n. All the 10 

different samples have been found to hybri7dize to these cloices. 

The next steps in this program will be to soquonco tho two 
clones. If subtelomerica region is indeed found, it will be 

JULtJlU1I1IS U1L! LLLL ]L w.U ILJ U]lilILye u 3RiLJV U. U .3jJeulf1u 

Pl.U)JU CUL duLUL'LIuii uo P. vIvax. Thu (Lwu u1Lujjut. will )i t-! L-,:d t::; a 

probe to test the remaining 5 clones containing E. vivax DNA that 
i 

subtelomeric region.
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