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MEMBERS OF THE HSP70 FAMILY
IN TOXOPLASMA GONDII
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Abstract: The cDNA for a member of stress induced 70-kDa protein family (hsp70) from Zoxoplasma
gondii was cloned. The deduced amino acid sequence revealed a 667 amino acid protein 70-80% homologous
to other parasite and mammalian hsp70s. Southern blot analysis suggested that it is encoded by an intronless
gene. A protein of ~77-kDa was identified in a lysate of 7. gondii tachyzoites by mAbs generated against
the recombinant hsp70 protein. Anti-human hsp70 mAb also cross-reacted with a 7. gondii protein of the
identical molecular weight. However, immunoprecipitation and Western blot analysis of these proteins
indicated that it was distinct from the cloned hsp70 product, suggesting that 7. gondii expresses another
hsp70-like protein. Among 22 mice infected with a low virulence Fukaya strain of T. gondii, 6 mice
exhibited significant humoral anti-hsp70 Ab responses. This Ab responses peaked at 1-2 weeks of infection,
plateaued for 2-3 weeks and gradually declined to nearly undetectable levels at 6 weeks of infection. In
contrast, the levels of serum Ab specific for soluble tachyzoite Ags continued to increase during the infection
in all mice examined. These features suggest that pathogen-derived hsp70 may play a unique role in the
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induction and maintenance of the host immune responses.
Key words: hsp70, Toxoplasma gondii, immune responses, antibody

INTRODUCTION

Members of the stress induced 70-kDa protein fam-
ily, heat shock protein 70 (hsp70), are expressed in
every cell type of eukaryotic as well as prokaryotic
cells. They carry out essential functions as molecular
chaperones in protein folding, translocation and
multimeric polypeptide assembly (reviewed in Gething
and Sambrook, 1992; Hartl, 1996; Melnick and Argon,
1995). Each eukaryotic cell expresses several different
proteins of the hsp70 family localized in different cellu-
lar compartments including the constitutively expressed
heat shock cognate protein 70 (hsc70) and stress in-
duced hsp70 in the cytosol, glucose-regulated protein 78
(grp78) in the lumen of the endoplasmic reticulum, and
grp75 in the mitochondrial matrix. Consistent with their
essential functions, the amino acid sequence of hsp70 is
highly homologous among different species. However,
hsp70s are immunodominant antigens of many infec-
tious microorganisms. Antibodies against hsp70s have
been described in the serum of patients with a variety of

pathogens including Plasmodium jfalciparum (Yang et
al., 1987), Leishmania donovani (MacFarlane et al.,
1990), Trypanosoma cruzi (Engman et al., 1990), Schis-
tosoma mansoni (Hedstrom et al, 1987), and
Mycobacterium (Young et al, 1985). T cells from
previously infected individuals have been reported to
proliferate in response to native Mycobacterium bovis
hsp70 (Young and Mehara, 1985) as well as recombinant
hsp70 (McKenzie et al., 1991). Those studies indicate
that hsp70s are potent antigens for both B and T cells
during infection with these pathogens. 7. gondii is an
obligate intracellular protozoan parasite which can
infect a number of different cell types (Frenkel, 1988;
McCabe and Remington, 1988). Infection of healthy
individuals with the parasite induces specific antibody
production and both class I and class II restricted T cell
responses, culminating in powerful protective immunity
(Aosai et al., 1994; Yang et al., 1995; Yano et al., 1989).
However, the exposed individuals remain chronically
infected without apparent symptoms; and the outcome
can be fatal if the host’s immune system becomes com-
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promised. Considering the importance of the pathogen-
derived hsp70 in the induction of immune responses
against intracellular organisms, we have cloned a cDNA
homologous to hsp70 from a 7. gondii cDNA library. A
panel of mAbs was generated against the recombinant
hsp70 protein. The humoral immune response against
this hsp70 was investigated in mice infected with a low
virulence Fukaya strain of T. gondii. The kinetics of
the antibody response against hsp70 was distinct from
that against other soluble 7. gondii antigens, suggesting
a unique role of pathogen derived hsp70 in triggering
and maintaining the host immune response.

MATERIALS AND METHODS

T. gondii and animals:

Tachyzoites of the 7. gondii RH strain were
maintained i wvitro using the human B cell line ARH.
The Fukaya strain was maintained i vivo by repeated
oral passages of brain cysts containing bradyzoites into
B10.A(4R) mice. BALB/c and C57BL/6 (B6) mice
were originally purchased from SRC (Shizuoka) and
were maintained in the animal facility of Nagasaki
University. B10.A (4R) mice have been mamtamed in
our laboratory for sometime.

Isolation of 7. gondii hsp70 cDNA:

A MOSElox c¢DNA library was constructed from
poly(A)* RNA isolated from tachyzoites of the T.
gondii RH strain using a cDNA synthesis module and a
cDNA rapid cloning module (Amersham, Buckingham-
shire, England) according to the manufacturer’s instruc-
tions. The library was screened with the radiolabelled
human hsp70 DNA probe (ATCC, Rockville, MD)
(Hunt and Morimoto, 1985) in 3XSSC, 5XDenhardt’s
solution, 50 mM Tris Base (pH 7.5), 1 mM EDTA, 0.5%
SDS and 20 ug/m! denatured salmon sperm DNA at
60°C, and washed in 0.1XSSC and 0.1% SDS at 60°C.
From a total of 1X10° ¢cDNA clones, 15 clones specifi-
cally hybridizing with human hsp70 cDNA were
selected. The longest cDNA, pTHI14, was subcloned
into Bam HI digested pBluescript SKII(+) (Stratagene,
La Jolla, CA, U.S.A.), and subjected to DNA sequencing
using a Taq DyeDeoxy Terminator Cycle Sequencing
kit (Applied Biosystems, Foster City, CA, U.S.A.).
Analysis of the nucleotide and amino acid sequences was
performed using Genetyx-Mac software (Software
Development Co., Tokyo).

Southern and Northern blot analysis:
Southern and Northern blottings were performed as

described previously (Komori et al, 1993). DNA
extracted from tachyzoites of the T. gondii RH strain
was digested with restriction enzymes, separated on a
19 agarose gel, and transferred to a nylon membrane. .
A Pst I-Kpn I fragment (nucleotides 430-935) and a
Pvull-Hind I fragment (nucleotides 1668-2123) of T.
gondii hsp70 cDNA were used as probes for the 5" and 3
regions, respectively, of the gene. The blot was prehy-
bridized and hybridized with **P-labeled probe in 5X
SSC, 5% Denhardt’s solution, 50 mM Tris (pH 7.5), 1%
SDS and 50 xg/m/ salmon sperm DNA for 16 hr at 65°C.
The filter was washed twice in 2XSSC/0.1% SDS at
20°C, twice in 0.2XSSC/0.19% SDS at 20°C, and twice in
0.19% SSC/0.1% SDS at 65°C. After being rinsed with
2 X SSC, the washed blot was analyzed using a bioimage
analyzer, BAS5000Mac (Fujifilm, Tokyo).

RNA was extracted from the RH strain of 7.
gondii by the method described (Chomczynski and
Sacchi, 1987), denatured with formaldehyde, subjected
to electrophoresis through a 19 agarose gel and trans-
ferred to a nylon membrane. The blot was hybridized
and analyzed by the method described for Southern
blotting.

Expression and purification of the recombinant hsp70
proteins:

The Xho I site was introduced into the 5 region of
the full length T. gondii hsp70 cDNA (pTH14) and the
ATG start codon was removed by PCR with the oligonu-
cleotide primers TH5" (5’-catctcgaggcggactctectgetgt-
3) and T7 using pTH14 subcloned into pBluescript IISK
as a template. The PCR product was digested with Xho
I and Bam HI and subcloned into the pET15b expression
vector (Novagen, Madison, WI, U.S.A.). This plasmid
allows the N-terminal fusion of a histidine tag sequence
to the T. gondii hsp70 protein. N-terminal and C-termi-
nal fragments of hsp70 were also expressed as fusion
proteins using pET15b. These constructs were generat-
ed by PCR using pTH14 as a template with TH5  plus
5’ -cgggatccttaaccgagagagagaggege-3’ primers, and 5'-
catctcgagctggagacagctggtggt - 3° plus T7 primers,
respectively. After digestion with Xho I and Bam HI,
each PCR product was subcloned into the pET15b
expression vector. »

A Bam HI-Hind III digested fragment of the
genomic human hsp70 gene (Hunt and Morimoto, 1985)
was subcloned into pBluescript SK II. The gene was
amplified by PCR using pH1 primer (5'-catctcgaggc-
caaagccgeggeag-3) and T7 primer. The PCR product
was digested with Xho I (located within the pH1
primer) and Hind III (located within the multiple clon-



ing site of pBluescript SK II) and was subcloned into
pGEM7Zf (+) (Promega, Madison, WI, U.S.A.). The
DNA fragment containing the hsp70 gene was isolated
by digesting this plasmid with Xho I and Bam HI and
subcloned into pET15b. The resulting construct can
express human hsp70 protein containing the N-terminal
fusion of a histidine tag sequence.

Escherichia coli BL21 (DE3) cells harboring the
expression plasmid pET15b construct were cultured at
37°C in LB medium supplemented with ampicillin.
Expression was induced by the addition of IPTG at a
final concentration of 1 mM, and the cells were cultured
for an additional 3 hr. The cells were then suspended in
5 mM imidazole, 0.5 M NaCl and 20 mM Tris (pHS8.0)
and lysed by sonication. The lysate was cleared by
centrifugation, and histidine tagged recombinant protein
was purified from the supernatant using a ProBond
column (Invitrogen, San Diego, CA, U.S.A.) following
standard procedures. Briefly, cells were homogenized in
binding buffer (5 mM imidazole, 0.5 M NaCl, 20 mM
Tris-HCl, pH 8.0). After centrifugation, the super-
natant was applied to the ProBond column. The column
was washed with binding buffer followed by wash buffer
(60 mM imidazole, 0.5 M NaCl, 20 mM Tris-HCI pH
8.0). The bound protein was eluted with elution buffer
(1 M imidazole, 0.5 M NaCl, 20 mM Tris-HCI, pH 8.0)
and was dialyzed extensively against PBS. SDS-PAGE
analysis of the purified tagged proteins from full length,
N-terminal and C-terminal 7. gondii hsp70 constructs
indicated single major bands of 76-kDa, 46-kDa and 31-
kDa, respectively, after Coomassie Blue staining. The
yield of the recombinant protein was approximately 1
mg from a 1 liter culture. The protein was concentrated
with a Centriprep-30 concentrator (Amicon, Beverly,
MA, US.A).

MAbs specific for hsp70:

BALB/c mice were immunized with purified recom-
binant 7. gondii hsp70 fusion protein in complete
Freund’s adjuvant. The booster immunization was
performed using the same antigen in incomplete
Freund’s adjuvant. Spleen cells from the primed mice
were fused with SP2/0-Agl4 cells using a cell fusion
apparatus type SSH-1 (Shimadzu Co., Kyoto) accord-
ing to the manufacturer’s protocol. Fused cells were
selected in medium containing HAT, and the super-
natants of the cultures were tested for the presence of
anti-hsp70 mAb by ELISA as well as by immuno-
precipitation of hsp70 from 7. gondii lysate. Positive
hybridomas were cloned by the limiting dilution method.
A mADb specific for human hsp70, 1E11, was generated
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by the same method except the fusion was performed
using polyethylene glycol. The rat anti-hsp70 mAb 7.10
(Kurtz et al., 1986) was purchased from Affinity BioR-
eagents, Inc. (Neshanic Station, NJ, U.S.A)).

ELISA:

The enzyme-linked immunoadsorbent assay was
performed as described (Hornbeck, 1996). Briefly, flat
bottom microtiter plates (Dynatech, Zug, Switzerland)
were coated with recombinant hsp70 protein and soluble
tachyzoite Ags in PBS at a concentration of 2 and 40
ug/ml, respectively, at 4°C for more than 24 hr. Plates
were blocked with blocking buffer (borate buffered
saline containing 0.05% Tween 20, 1 mM EDTA, 0.25%
BSA and 0.05% NaN,), and then incubated with the first
antibody. After washing, each well was incubated with
alkaline phosphate conjugated anti-mouse Igs (y and L
chain- specific) (Tago, Camarillo, CA, U.S.A.) and
washed with distilled water before incubation with p-
nitrophenyl phosphate substrate solution. Soluble tachy-
zoite Ags were prepared by extensive dialysis of the
lysate of T. gondii RH strain tachyzoites with PBS.

Western blotting:

Western blot analysis of hsp70 expression was
performed as previously described with a slight modifi-
cation (Tamura and Yui, 1995). Briefly, protein lysates
of T. gondii (7.5x10% cells/m/) and the human B cell
line ARH (2.5X107/m!l) were prepared in lysis buffer
containing 300 mM NaCl, 50 mM TriseHCl (pH7.5), 0.
5% Triton X-100, 10 xg/m! leupeptin, 10 xg/m! pep-
statin A and 1 mM PMSF, and centrifuged at 10,000 X g
for 15 min to remove nuclei. Each sample was separated
by 10% SDS-PAGE and electroblotted onto a nitrocel-
lulose membrane (NitroBind; MSI, Westboro, MA).
Blots “were blocked with 109§ milk in Tris-buffered
saline (pH 7.6) containing 0.19% Tween 20 (TBST),
probed with anti-hsp70 mAbs in TBST for 1 hr, incubat-
ed with biotinylated anti-mouse or anti-rat IgG Ab
(Jackson ImmunoResearch, West Grove, PA, U.S.A.) at
1:2,000 for 1 hr, and incubated with horseradish perox-
idase-conjugated streptavidin (Zymed Laboratories,
San Francisco, CA, US.A) at 1:3,000 for 30 min.
Protein bands were visualized using an ECL detection
system (Amersham, Buckinghamshire, England)
according to the manufacturer’s specifications.

In some experiments, protein purified by immuno-
precipitation was used for Western blot analysis. Im-
munoprecipitation was performed as previously de-
scribed with some modifications (Yui et al, 1988).
Briefly, cells were lysed in lysis buffer containing 0.5%
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GCGCAAAGGA GTGTAGAAGA TGCATTGTIC GGTCAAGTAT CTGCAAGAAA GAAAGGCTTT CGGAAAGGAA ACCGGGGCTC
TGCAAGAAAT TGCCAGTGTG TTTCGTCTTT TTTGGCTTGA ACAGCGAGAT TTGCACCGTS TGCTGCCTCC GCAGCACGGA
CAAGTTGCTC CCAGCACCTA CGTCCGAGTA CATACCACAC ACCGCCCTCT TCGTCCCTCA TCATCCCCTG CTGCTGLGCG
GGTGTGCTGT CCGEGTACGAG TCATAGGGTG TGTCCGGCAC TCGCCCCGCA TTTCATCTIT AGGAGAGTGC CGTTCCGTGC
GGTGCAGCTC AAACTAAGGA CGGATCGAAG GTCAGTGTTT TTTCCTTCCA ACCATTTITTC CTTTTCCACT CCCCCGTTCT
TTTTTGTGTC GCGTTGCAGT '

1

10

CGTTTGTCCC TECAGAAGAC AAC ATG GCG GAC TCT CCT GCT GTG GGT ATT GAC CT'.l‘ GGC ACC ACC TAT
MET ala asp ser pro ala val gly ile asp leu gly thr thr tyr

TCT
ser

ACC
thr
60

GCA
ala

TCG
ser

ATT
ile

gly
CCT
pro
170

GTC
val

GGT
gly

GAA
glu

asn

asn

280
ACT
thr

GCG
ala

TGC
cys

cce
pro

cee
arg

GTC
val

caa
glu

lys

Gece
ala

CTIC
leu

GAG
glu

GAC
asp

CGT
arg

AGC
sex

CAG
gln

cGe
arg

GAC

Figure 1

GTA
val

40
TCC
ser

AAC
asn

CAG
gln

GTC
val

ATG
met

150
TAC
tyr

CGC
arg

ATG
met

GGT
gly

leu

260
CGT
arg

GCA
ala

TTT
phe

GGT
glu

TAC
tyr

cce
pro

TCG
sexr

ACG
thr

lys

TTC
phe

ATT
ile

AAC
asn

ATC
ile

GTG
val

GCC
ala

ACC
thr

GAG
glu

GGT

20
GTG
val

GTC
val

GAA
glu

GAC
asp

TAC
tyr

130
GAA
glu

AAC
asn

ATC
ile

GTC
val

TTT
phe

240

GAC
asp

CTT
leu

ATC
ile

GAG
glu

ATT

TGG AAG AAC
txp lys asn

GCG@ TTC ACC
ala phe thr

AAC ACC ATT
asn thr ile

ATG AAG CAT
met lys his

110
CAG GGA GAG
gln gly glu

ATC
ile

GCG GAG
ala glu

GAT
asp

TCG CAG
asr gln

AAC
asn

GAG
glu

cece
pro

CTC
leu

ATC
ile

TTC
phe

220
GAA GTC

glu val lys

TTC TGC
phe cys

GTC
val

CGT CGC
arg arg

cTG
leu

GAA ATT
glu ile

GAC
asp

CTT TGC
leu cys

ATG
met

330

GAC AAG CGC

GAT
asp

GAC
asp

TTC
phe

90
TGG
trp

ARG
lys

GCT
ala

CGT
arg

ACA
thr

200
GAC
asp

GCC
ala

CAG
gln

CGT
arg

TCT
ser
310

GAC
asp

TCG

GCT GTG GAA ATC ATC
ala val glu ile ile

50
ACG GAG AGA CTT GTC
thr glu arg leu val

70
GCC
ala

GAT
asp

AAG CGC CTA
lys arg leu

CCA
pro

TTIC
phe

ARG GTC ATT
lys val ile

AAG
lys

ACG
thr

TTC CAC CCT
phe his pro

TAC
tyr

CTC
leu

GGC AAG GAA
gly lys glu

160
AAG GAT
lys asp

CAG
gln

GCT
ala

ACC
thr

180
GCT
ala

GCG
ala

GCC
ala

ATT GCT
ile ala

ATG
met

GGT
gly

GGC
gly

GGT ACG
gly thr

ACC
thr

GCT
ala

GGT
qly

GAC ACC
asp thr

GAC TTC
asp phe

AAG
lys

CGC
arg

AAG
lys

270
GAG
glu

ACC CAG
thr gln

TGC
cys

CGC
arg

290
CTT TTT
leu phe

GAG
glu

GGC
gly

ATT
ile

TAC TTC
tyr phe

CGC

arg asn ser

GTC AGC GAA GTT GTG

Nucleotide sequence of the 7. gondii hsp70 cDNA.

margin and amino acids above the nucleotide sequence.

30

GCG AAC GAC CAG GGA AAC AGG ACG

ala asn asp gln gly

GGT GAT GCT GCG AAG
gly asp ala ala lys

ATC
ile

GGT CGC
gly arg

AAG
lys phe
100
GAC
asp

GCT GGT CCG
ala gly pro

GGA
gly

120
GAA GAG GTT
qlu glu val

TeC
ser

GCC
ala

140
GTG
val

AAG GAG
1lys glu

GCC
ala

GTC
val

GCC
ala

GCT GGT ACC
ala gly thr

ATT
ile

TAT
tyr

GGT CTG
gly leu

GAC
asp

ARG
lys

210
GAT GTG TCG CTG
asp val gser leu
A
230
CTT GGT GGT GAA
leu gly gly glu

TTC
phe

CAT
his

250
AAC
asn

CGC GGA AAG GAC
arg gly lys asp

Acc
thr

AAG AGA ACT CTC
lys arg thr leu

GAC TAC TCT GTG TCT

asp tyr ser val ser
A

320

CTG TTG CCC GTC GAG

leu leu pro val glu

340
TTG GTT GGT GGA TCT

asn

AAC
asn

GAT
asp

AAG
lys

ATG
met

ATT
ile

GGC
qly

lys

CTT
leu

GAT
asp

ATC
ile

TCT
sexr

ATC
ile

AAG
lys

ACC

arg thr

CAA GTC
gln val

80
GAT CCC
asp pro

cce
pro

cTC
leun

GTT

val leu

ACC
thr

GTT
val

cTC
leu

AGC
ser

190
GGC

gly cys

ACA
thr

ATC
ile

phe asp

AGC
sexr

ACC
thr

AGC
ser ser
300
TCT
ser

CGT
arg

GTC CTC
val leu

CGT ATC

80

160

240

320

400

420

554

620

686

752

818

884

950

1016

1082

1148

1214

1280

1346

1412

1478

Nucleotides are numbered on the right

The sequence contains the

following underlined elements: (A) potential glycosylation sites; (B) GGMP repeats; (C)
AATAAT polyadenylation signal-like sequence. Both strands of the subcloned cDNA in
pBluescript SKII(4) were completely sequenced.



lys

cce
pro

GAT
asp

390
GTIG
val

ATG
met

GCG
ala

asn

GTC
val

500
AGC
ser

CAA
gln

CTG
leu

TCT
ser

CTA
leu

610

ACC
thr

GGT

gly met

GGC

gqly met

asp

lys

GAG
glu

CAG
gln

ACC
thr

GAC
asp

CTC
leu

ACT
thr

asn

GAG
glu

GAG
glu

GAG
glu

GCA
ala

ARG
lys

ATG

ser

ATT
ile
370

GCC
ala

GAT
asp

AAG
lys

asn
cTG
leu
480
phe

CAA
gln

GCA
ala

AAC
asn

GAC
asp

590
GAG
glu

CTG
leu

GGC
qly

aly

CAG
gln

GTT
val

TTG
leu

CTG
leu

CAG
gln

qly

GAT
asp

ATC
ile

GAG
glu

TAC
tyr

AGA
arg

AAG
lys

TAC
tyr

GGT
gqly

ile

350

CAG
gln

GCG
ala

CTT
leu

ATT
ile

CCA
pro

460

lys

ATC
ile

ACC
thr

AAG
lys

TGC
cys

570
GAC
asp

GAG
glu

CAG
gln

ATG
nmet

asp lys

CTC ATC
leu ile

TAC GGT
tyr gly

CTT CTG
leu leu

GAA AGA
glu arg

440
GGA GTG
gly val

TTC CAC
phe his

GAC GCT
asp ala

ATC ACG
ile thr

TAC AAA
tyr lys

550
TAC CAC
tyr his

ACT GCC
thr ala

GAA TTC
glu phe

GCA GGT
ala gly

CCT GGT
pre gly

arg ser

ACT GAC
thr asp

GCT GCT
ala ala

GAT GTT
asp val

420
AAC ACA
asn thr

CTG ATT
leu ile

CTG GAT
lewr asp

AAC GGT
asn gly

AAC GAC
asn asp

530
GCC GAA
ala glu

ATG AGA
met arg

AAC AAG
asn lys

GAG GCG
glu ala

GCG GCT
ala ala

640
GGT ATG
gly. met

val ser

TIC TIC
phe phe

GTC CAG
val gln

400
GCG CCT
ala pro

ACG ATC
thr ile

CAG GTG
gln val

GGT ATC
gly ile

ATC ATG
ile met

510
AAG GGC
ils gqly

GAC GAA
asp glu

CAG ACC
gln thr

GCC ATC
ala ile

AAG CAG
lys gln

620
GCA GGT
ala gly

glu

AAC
asn

GCA
ala

CTC
leu

cce
pro

TAC
tyr

cee
pro

AAC
asn

cGe
arg

CAG
gln

TTG
leu

CAG
gln

AAG
lys

[eleld]
qly

GGC GGT ATG

gly gqly

met

val val leu

GGA
gly

380
GCG
ala

cT
ser

ACC
thr

GAA
glu

cce
pro

490
GTC
val

crIcC
leu

ARC
asn

GAT
asp

GAG
glu

600
GAA
glu

ATG
met

AAG
lys

ATC
ile

CTC
leu

AAG
lys

GGT
gly

GCce
ala

ACA
thr

AGT
ser

RAG
lys

GAC
asp

[eloled
ala

GTT
val

cCcT
pro

360
GAG
glu

TTG
leu

GGT
gly

AAG
lys

GAG
glu

470
cce
pro

GCG
ala

GCG
ala

CAC
his

GAG
glu

580
CTT
ley

GAG
glu

GGT
qly

val gly gly ser thr

CCG TGC AGG
pro cys arg

AAG GGA GTT
lys gly val

CTG GAG ACA
leu glu thr

TCT CAG ACC
ser gln thr
450

CGT GCG ATG
arg ala met

CGT GGT GTC
arg gly val

CAA GAC AAG

TCG
ser

ACC
thr

GCT
ala
430

TTC
phe

ACC
thr

cce
pro

TCC

gln asp lys ser

A

TCC GAA ATC
gser glu ile

CGT GTG GAG
arg val glu

560
AAG CTT AAG
lys leu lys

GAC TGG CTG
asp trp leu

TCC GTC TGC
ser val cys

GGT ATG GGC
gly met gly

GAC
asp

540
GCG
ala

GAC
asp

GAC
asp

ACA
thr

GGT
qly

ATC
ile

AGC
ser

GGT
gly

ACC
thr

AAA
lys

CAA
gln

ACC
thr

cGC
arg

AAG
lys

AAG
lys

AMG
lys

CCA
pro

ATG
met

arg ile

AAC CCC
asn pro

TCT CAG
ser gln

410
GGT GTC
gly val

ACG TAC
thr tyr

GAC AAC
asp asn

ATC GAA
ile glu

GGA AAG
gly lys

520
ATG GTG
met val

AAT 'GGC
asn gly

ATC TCC
ile ser

AAC CAA
asn gln

ATC ATC
ile ile

630
CCT GGT
pro gly

ccc
pro

GGC
qly

GGG
qly

ATG GGC GGT
met qly gly

650

ATG CCC GGT GCA
met pro qly ala

ATG

GGA
qly

GGC
qly

TCT
ser

660
GGC GGC
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Triton-X and centrifuged to remove nuclei. Each sam-
ple was incubated with anti-hsp70 mAb at 4°C for 1 hr,
and with protein A Sepharose (Sigma, St. Louis, MO, U.
S.A.) for an additional 1 hr, Washed, boiled with SDS
sample buffer, and separated under reducing conditions
by 109% SDS-PAGE. After electrophoresis, proteins
were electroblotted onto a nitrocellulose membrane, and
the presence of the specific proteins was detected using
anti-hsp70 mAbs or mouse serum as described.

The GenBank accession number of the T. gondii
hsp70 cDNA sequence is U82281.

RESULTS

Structure of T. gondii hsp70:

T. gondii hsp70 cDNA was cloned by screening a
cDNA library derived from the tachyzoites of the T.
gondii RH strain with the human hsp70 gene probe
(Hunt and Morimoto, 1985). The entire nucleotide
sequence (2739 base pairs) of the longest cDNA clone
(pTH14) was determined (Fig. 1). The cDNA sequence
contained a single large open reading frame predicting a
667 amino acid protein of 72,292 daltons. This coding
region was flanked by 443 bp on the 5’ end and by 295 bp
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Figure 2 Alignment of amino acid sequences of 7. gondii hsp70 (T.g.), P. falciparum hsp70 (Pf£.)
(Yang and Tan-Ariya, 1987), 7. cruzi hsp70 (T.c.) (Engman and Dragon, 1990), L.
donovani hsp70 (L.d.) (MacFarlane and Blaxter, 1990), mouse hsc70 (M.m.) (Giebel and
Dworniczak, 1988), and M. leprae (M.1.) (McKenzie and Adams, 1991). The amino acid
sequence of 7. gondii hsp70 was predicted from the cDNA sequence of clone pTHI14
(GenBank accession number U82281). Identical amino acids are indicated by asterisks.
Gaps were introduced to maximize homology. Amino acids of 7. gondii hsp70 are

numbered on the right margin.






