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We have characterized Plasmodium vivax heat shock protein 70 (PvHSP70) and evaluated serodiagnostic
applicability of recombinant PvHSP70 (rPvHSP70). In enzyme-linked immunosorbent assays and immunoblot
analyses, rPvHSP70 showed high sensitivity (88.8%; 203/228 cases). P. falciparum-infected sera revealed
positive reactions (78.8%). The predominant immunoglobulin G (IgG) subclasses were segregated with IgG1

and IgG3.

Plasmodium falciparum heat shock proteins (PfHSPs)
might contribute to immunopathological alterations in in-
fected hosts (1, 3). PEHSP70s may have a significant function
during parasite adaptation in its environments (4, 7). They
have also been a focus of considerable attention due to their
immunodominant antigenic nature and their properties as
mediators of protective immunity (1, 11). However, infor-
mation regarding P. vivax HSP70 (PvHSP70) is not avail-
able. We herein characterize the molecular properties of
PvHSP70 and provide evidence that PvHSP70 is highly an-
tigenic against P. vivax infection sera.

Fifteen P. vivax isolates were obtained from Korea (6
isolates), Myanmar (7 isolates), Thailand (1 isolate), and
Indonesia (1 isolate). Genomic DNA was extracted from
patients’ blood (8). The gene coding for PvHSP70 was am-
plified with forward (5'-ATGGCCGACGGAAAGGCGTC
CAAGCCAA-3’) and reverse (5'-TCAATCGACTTCCTC
GACGGTGGGTCCA-3") primers. The sequences analyzed
by the SeqEd.V1.0.3 and CLUSTAL programs were depos-
ited in the GenBank database (see below). Full-length
PvHSP70 was amplified using 5'-GGATCCATGGCCAGC
GGAAAGGCGTCCAAG-3" and 5'-CTGCAGTCAATCG
ACTTCCTCGACGGTGGG-3' primers. The recombinant
protein (rPvHSP70) was bacterially expressed using pQE30
vector (QIAGEN, Valencia, CA) and purified by nickel-
nitrilotriacetic acid chromatography.
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P. vivax (120 isolates from Korea and 108 isolates from
Myanmar) and P. falciparum (33 isolates from Myanmar) in-
fection sera were tested (8). Fifty healthy sera were employed.
Informed consent was obtained. The study protocols were ap-
proved by the Ethical Committee of the National Institute of
Health, Korea, and the Ethical Committee of the Department
of Health, Upper Myanmar.

For Western blotting, rPvHSP70 was separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, transferred
to nitrocellulose membranes, and cut into strips. The strips
were incubated with 1:200-diluted sera and subsequently with
1:1,000-diluted peroxidase-conjugated anti-human immuno-
globulin G (IgG) (Cappel) and visualized using 4-chloro-1-
naphthol.

For enzyme-linked immunosorbent assay (ELISA), 96-well
microplates were coated with 200 pl of rPvHSP70 (0.2 and 0.5
pg/well for IgG and IgG subclass assays). Sera were diluted at
1:200, and conjugate was diluted at 1:1,000. Color reactions
were developed using 0.05% o-phenylenediamine. Absorbance
(abs) was measured at 492 nm. Checkerboard titration was
conducted using pooled sera from positive-reference individu-
als (n = 15) whose blood smears showed typical blood-stage P.
vivax and from healthy individuals (n 10). IgG subclass
ELISAs were done using 1:1,000-diluted monoclonal antibod-
ies (IgG1, clone 8c/6-39; IgG2, clone HP-6002; 1gG3, clone
HP-6050; and IgG4, clone HP-6025) (Sigma).

A 2,073-bp-long PvHSP70 gene encoded a 690-amino-acid
polypeptide and showed high-level sequence identity with
other HSP70s (95.8% to 99.1%; see Fig. S1 in the supplemen-
tal material). PvHSP70 harbored all of the characteristic
domains, including a 45-kDa N-terminal ATPase domain, a
15-kDa substrate-binding motif, and a 10-kDa C terminus.
Asp-21, Glu-187, Ala-190, and Thr-216, which might be in-
volved in ATPase activity and putative calmodulin binding
domain, were conserved. A cytosolic EEVD motif was recog-
nized at the C terminus. The most relevant differences, includ-
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FIG. 1. Expression and purification of rPvHSP70 and antibody re-
activity of rPvHSP70. (A) Purified rPvHSP70 showed a single band
with an approximate molecular mass of 72 kDa. Lanes: I, isopropyl-
B-p-thiogalactopyranoside-induced Escherichia coli lysates; U, un-
bound fractions of nickel-nitrilotriacetic acid affinity chromatography;
W, wash fractions; B, bound fractions. M, molecular mass (in kilodal-
tons). (B) Western blotting of rPvHSP70 tested against patient sera
from P. vivax infections and healthy controls. rPvHSP70 exhibited
immunoreactivity to P. vivax infection sera but not to those from
healthy controls.

ing different numbers and locations of Gly-Gly-Met-Pro re-
peats, were also detected in the C-terminal region. These
motifs contained highly antigenic epitopes and allowed for
differentiation from other members (2, 5, 9). Analyses of
PvHSP70 polymorphisms by use of P. vivax wild-type isolates
revealed that PvHSP70 is highly conserved regardless of the
geographical and genotypic origin of the isolate (data not
shown).

The rPvHSP70 was expressed in soluble form with a molecular
mass of approximately 72 kDa (Fig. 1A). The V.., K,,,, and k_,,
values for ATPase activity, as determined by Michaelis-Menten
and Lineweaver-Burk plot analyses, were 12.3 nmol/min/mg,
478.7 uM, and 1.02 min~*. These parameters were higher than
those of human HSP70 but were lower than those of PEHSP70 (6,
9, 10).

rPvHSP70 exhibited specific antibody responses to malarial
infection sera but not to those from healthy controls (Fig. 1B).
Sera (n = 5 each) from patients with cysticercosis, paragonimiasis,
fascioliasis, and clonorchiasis showed no positive reaction (data
not shown). We observed specific antibody levels against rPv
HSP70 in P. vivax infection sera by ELISA (Fig. 2). The means +
standard deviations (SD) of the values determined for the pa-
tients from areas where malaria is sporadic and areas where it is
endemic were 0.42 = 0.17, and 0.33 = 0.15, while those of healthy
controls were 0.09 = 0.04. We set positive criteria as an abs of
0.20, which is between +2 and +3 SD of mean abs of healthy
controls. The positive rates were determined to be 91.8% (110/
120 cases) and 86.0% (93/108 cases) for patients from Korea and
Myanmar (overall sensitivity, 88.8%). This observation was
counter to our expectations, albeit there was no significant differ-
ence (P > 0.05). We expected that individuals inhabiting areas in
which malaria is endemic might evidence higher antibody levels
due to repeated infections and the presence of drug-resistant
malaria than would patients residing in areas in which the disease
is sporadic. We are currently unable to explain properly this
apparent incongruity, which needs further study.

The patient sera reacted predominantly to the IgG1l and
IgG3 subclasses (Fig. 3), which suggested that a cell-mediated
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FIG. 2. Result of micro-ELISA of rPvHSP70 testing sera from pa-
tients with P. vivax infection. The horizontal bar in the data for each
group corresponds to the mean abs values. The cut-off value of 0.20 is
indicated by a long broken horizontal line.

protective mechanism might be operating during the course of
P. vivax infection. A previous study demonstrated that IgGl
and IgG3 antibodies predominate in protected adults whereas
IgG2 and IgG4 segregate in nonprotected children and adults
who suffered from primary attack (3).

To analyze the relationships between the antibody levels
specific to PVHSP70 and clinical manifestations, we classified
patients into four groups: group I, with body temperature >
40°C and with parasitemia > 10,000 (n = 23); group II, with
temperature > 40°C and with parasitemia < 1,000 (n = 13);
group III, with temperature < 38.5°C and with parasitemia >
10,000 (n = 12); and group IV, with temperature < 38.5°C and
with parasitemia < 1,000 (» = 22). The mean abs = SD in each
group was as follows: for group I, 0.48 = 0.04; for group II,
0.42 = 0.06; for group III, 0.60 = 0.10; and for group IV,
0.46 = 0.05. There was no significant difference among groups
(P > 0.05). We also observed that rPvHSP70 revealed substan-
tial antibody reactivity to P. falciparum-infected sera (0.35 *
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FIG. 3. Scattergram showing IgG subclass responses to rPvHSP70
in sera from tertian malaria patients. The horizontal bar in the data for
each group represents the mean abs value.
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0.04) (sensitivity, 78.8%; 26/33 cases). These collective data
strongly suggest that PVHSP70 is antigenic regardless of clini-
cal magnification and parasitemia status of the patients. The
antigenicity of PvHSP70 in naturally infected individuals, cou-
pled with its high degree of conservation among wild-type
isolates and different plasmodial species, makes the character-
ization of the immune responses elicited by malaria HSP70 of
particular interest. The biological significance of immune re-
sponses to PvHSP70 would deserve further studies.

Nucleotide sequence accession number. The nucleotide se-
quence of the gene coding for PvHSP70 was deposited in the
GenBank database (DQ156547).
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