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Heat shock protein (hsp) 70 from several microbes is antigenic in mammals. In this study we sequenced and
expressed the gene encoding this protein from Histoplasma capsulatum to study its immunological activity. The
deduced amino acid sequence of the gene demonstrated 71 and 76% identity to hsp70 from humans and
Saccharomyces cerevisiae, respectively. A cDNA was synthesized by reverse transcription-PCR and was ex-
pressed in Escherichia coli. Recombinant protein reacted with a mouse monoclonal antibody raised against
human hsp70. Splenocytes from C57BL/6 mice immunized with recombinant hsp70 emulsified in adjuvant, but
not yeast cells, reacted in vitro to the antigen. Recombinant hsp70 elicited a cutaneous delayed-type hyper-
sensitivity response in mice immunized with protein or with viable yeast cells. Mice were injected with
recombinant hsp70 and challenged intranasally with a sublethal inoculum of yeast cells. Vaccination did not
confer protection in this model. Thus, recombinant hsp70 can induce a cell-mediated immune response but
does not induce a protective response.

Heat shock proteins (hsp) are produced when a cell is con-
fronted with a sudden change in temperature or with other
forms of stress. hsp are separated by molecular mass into
families of proteins, and the amino acid sequences of each
family are strongly conserved. In mammalian cells, hsp70 is
one of the most abundant hsp (22). This family plays a major
role in the folding, unfolding, and translocation of polypep-
tides. hsp70 is involved in the unfolding of cytoplasmic proteins
and their transport into other cellular compartments. Once
inside such a compartment, hsp70 facilitates refolding of the
proteins (15).
There is ample evidence that hsp70 is involved in immunity.

This protein has been demonstrated to elicit humoral re-
sponses during natural infection with various microbes. Anti-
hsp70 antibodies have been detected in a significant number of
patients with chronic schistosomiasis, malaria, and leishmani-
asis (12, 14, 16). Besides its role in humoral immune response,
hsp70 from Plasmodium falciparum, Schistosoma mansoni, and
Mycobacterium spp. has been shown to induce a cell-mediated
immune response (2, 12, 23). hsp70 from a variety of pathogens
leads to activation of both CD41 and CD81 T cells (1, 3, 5, 19).
Studies of hsp70 from the thermally dimorphic fungus His-

toplasma capsulatum have been limited. The focus of these
studies has been on the expression of hsp70 during the con-
version of mycelia to the yeast phase since this is a tempera-
ture-dependent phenomenon (20). When mycelia are exposed
to elevated temperatures (34 to 408C), there is intense synthe-
sis of hsp70. Whether this expression is part of the process of
differentiation or a reflection of the ability of the fungus to
adapt to new environmental conditions remains unclear. Ex-
pression of the hsp70 gene from H. capsulatum varies among
strains that differ in pathogenicity and thermotolerance; that is,
maximal hsp70 mRNA transcription occurs in nonvirulent
strains at 348C and in virulent strains at 378C (7). Studies at the
protein level revealed similar results (20). Therefore, hsp70 is

an important contributor to the phase transformation of this
fungus. Although hsp70 appears to play a prominent role in
morphogenesis of H. capsulatum, there is little information
about its immunological activity.
Therefore, in this study we sought to determine if recombi-

nant hsp70 (rhsp70) participates in the cell-mediated immune
response to infection with H. capsulatum. The gene encoding
hsp70 from H. capsulatum had been isolated and cloned (7),
and we have sequenced and expressed the gene to study its
immunobiological functions. The deduced amino acid se-
quence was found to be highly homologous with hsp70 mem-
bers from other species. The recombinant protein was recog-
nized by splenocytes from mice immunized with rhsp70 but not
viable yeast cells. Moreover, it induced a delayed-type hyper-
sensitivity (DTH) response in vivo. However, vaccination with
the recombinant protein did not protect mice against a suble-
thal intranasal challenge from H. capsulatum. Thus, rhsp70 is
antigenic but does not mediate protection.

MATERIALS AND METHODS

Animals. Male C57BL/6 mice were obtained from Jackson Laboratory, Bar
Harbor, Maine. All studies were done in accordance with the Animal Welfare
Act and guidelines of the National Institutes of Health.
H. capsulatum and injection of yeast cells. The strain of H. capsulatum used in

this study was G217B. Yeast cells were maintained by biweekly subculture into
brain heart infusion agar slants (Gibco BRL, Grand Island, N.Y.) at 378C in 5%
CO2. For each experiment, a loopful of yeast cells was removed from the agar
slant and grown in Ham’s F12 (Gibco BRL) medium, pH 7.5, supplemented with
glucose (18.2 g/liter), glutamic acid (1 g/liter), HEPES (N-2-hydroxyethylpipera-
zine-N9-2-ethanesulfonic acid) (6 g/liter), and cysteine (8.4 g/liter) for 36 h at
378C at a gyratory speed of 200 rpm. The cells were harvested and washed three
times in Hanks’ balanced salt solution. To immunize mice with viable H. capsu-
latum yeast cells, animals were injected subcutaneously with 106 yeast cells and
then injected intravenously with 6 3 105 yeast cells 2 weeks later. After an
additional 2 weeks, mice received an intraperitoneal injection of 5 3 106 yeast
cells. In studies of protective immunity, mice were anesthetized via inhalation of
methoxyflurane (Pitman-Moore Inc., Mundelein, Ill.) and then challenged intra-
nasally with 2.5 3 106 cells by the placement of 50 ml of the yeast cell suspension
into the anterior nares.
Plasmids and bacteria. The H. capsulatum hsp70 gene was cloned into the

pBR328 vector, generating the clone pMB12 (7). The gene was excised from
pMB12 with PvuII and ligated into the EcoRV site of pBluescript SK2 (Strat-
agene Corp., La Jolla, Calif.). The plasmid was transformed into Escherichia coli
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XL1-Blue (Stratagene). The pET19b vector (Novagen Inc., Madison, Wis.) was
used for the expression of recombinant protein in E. coli BL21(DE3).
Gene sequence analysis. Single-stranded plasmid sequencing was performed

by the dideoxy chain termination method with the Sequenase version 2.0 kit
(U.S. Biochemical, Cleveland, Ohio). Both strands of the cloned gene were
sequenced by the strategy of “primer walking.” Oligonucleotides (21-mer) were
synthesized and used to initiate the sequencing reaction.
Generation of an intron-free gene by using reverse transcription-PCR. A

cDNA of the hsp70 gene was generated by reverse transcription-PCR with 5 mg
of total H. capsulatum G217B RNA prepared as described previously (10). The
first-strand cDNA was then amplified by PCR with a sense primer located at the
ATG start codon of the gene; the sequence of this primer was 59-GCTCTAGA
CATATGGCTCCCGCTGTTGGTATCGA-39. The antisense primer used was
located at the carboxy terminus, and the sequence of this primer was 59-CGGG
ATCCTCAGTCGACCTCCTCGACGGTTGGGC-39. A 59 NdeI site was added
to the amino terminus primer and a BamHI site was added to the carboxy
terminus primer (both underlined) to facilitate cloning into pBluescript SK2. A
stop codon was present 39 of the BamHI site in the carboxy terminus antisense
primer. PCR was performed for 35 cycles of 948C for 45 s, 488C for 45 s, and 728C
for 2 min with 5 U of Vent polymerase (New England Biolabs, Beverly, Mass.).
The PCR product was cloned into pBluescript SK2, restriction mapped, and
sequenced to confirm the fidelity of the DNA transcription.
Protein expression. To generate recombinant protein, the intron-free H. cap-

sulatum hsp70 gene was excised from pBluescript SK2 by digestion with NdeI
and BamHI. The gene product was gel purified and cloned into the NdeI and
BamHI sites of pET19b. The plasmids were transformed into BL21(DE3) lyso-
gen host cells.
To express the recombinant protein, transformed E. coli cells (500 ml) were

grown in Luria-Bertani medium at 378C in a shaking incubator until an optical
density at 600 nm of 0.6 was reached. Subsequently, isopropylthiogalactose was
added to cultures to a final concentration of 1 mM, and the cultures were
incubated for an additional 2 to 3 h. Cells were harvested by centrifugation at
5,000 3 g. E. coli pellets were resuspended in a buffer consisting of 5 mM
imidazole, 500 mMNaCl, and 20 mM Tris-Cl (pH 7.9) and lysed by a freeze-thaw
cycle followed by sonication. Soluble and insoluble fractions were separated by
centrifugation at 20,000 3 g. The insoluble pellet fraction was found to contain
the recombinant product when analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE).
Metal chelate purification of rhsp70. pET19b adds 10 histidines to the NH2

terminus. This modification allows purification of recombinant protein on nickel
columns. The insoluble pellet fraction was resuspended by sonication in a dena-
turing solubilization buffer consisting of 6 M urea, 500 mM NaCl, 5 mM imida-
zole, and 20 mM Tris (pH 7.9). Solubilized material was recovered in the
supernatant after centrifugation at 20,000 3 g, and the supernatant was filtered
through a 0.22-mm-pore-size cellulose acetate membrane. The material was then
loaded into an Ni21-Sepharose affinity column (His-Bind; Novagen) and washed
with 20 mM imidazole, and the recombinant product was eluted with 1 M
imidazole in a buffer containing 500 mM NaCl and 20 mM Tris (pH 7.9). Eluted
material was dialyzed against 20 mM Tris (pH 7.4)–200 mM NaCl containing
decreasing concentrations of urea. The eluate was concentrated by ultrafiltration.
For the removal of endotoxin, the protein solution was passed over a polymyxin
B affinity chromatography column (Pierce Chemical Co., Rockford, Ill.). The
protein concentration was determined by the Bradford method (4).
Western blot (immunoblot) analysis and electrophoresis of rhsp70. Five mi-

crograms of rhsp70 was electrophoresed by SDS–12% PAGE, electroblotted
overnight to nitrocellulose membranes, and stained with Ponceau S. Nitrocellu-
lose lanes were cut and incubated in 25 mM Tris-buffered saline, pH 7.5, con-
taining 5% powdered milk for 1 h at room temperature. Lanes were incubated
overnight with a 1:1,000 dilution of monoclonal antibody (MAb) N27F3-4
(mouse immunoglobulin G1) at 48C overnight or, as a control, an equal dilution
of anti-human HLA-DR MAb (mouse immunoglobulin G1) (Becton Dickinson,
Sunnyvale, Calif.). The strips were washed twice with Tris-buffered saline con-
taining 0.05% Tween 20 for 10 min and incubated for 2 h with 2 ml of 1:1,000-
diluted antimouse peroxidase-labeled secondary antibody (Kirkegaard & Perry,
Gaithersburg, Md.) at room temperature. Strips of nitrocellulose were washed
twice with Tris-buffered saline–Tween and developed with 0.6 mg of 4-chloro-
1-naphthol (Bio-Rad Laboratories, Richmond, Calif.) per ml and hydrogen per-
oxide (0.015%).
Immunization of mice with rhsp70. Groups of mice were immunized subcu-

taneously with 200 mg of rhsp70 suspended in an emulsion containing mono-
phosphoryl lipid A, synthetic trehalose dicorynomycolate, and cell wall skeleton
(MPL-TDM-CWS) (Ribi ImmunoChem Research, Inc., Hamilton, Mont.). Two
doses were given separated by 2 weeks. Concurrently, controls received bovine
serum albumin (BSA) emulsified in MPL-TDM-CWS.

FIG. 1. Gene sequence and deduced amino acid sequence of hsp70 antigen.
Introns are indicated by lowercase letters. Base numbers are on the left, and
amino acid numbers are on the right. The sense and antisense primers used to
amplify first-strand cDNA are italicized.
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Splenocyte preparation and proliferation assay. Spleen cells from immunized
and normal mice were removed aseptically and teased apart between two
ground-glass slides, and the cell suspension was washed three times in balanced
salt solution. To each well of a 96-well microtiter plate were added 4 3 105

splenocytes in 0.2 ml of RPMI 1640 containing 10% fetal bovine serum and 10
mg of gentamicin per ml. Decreasing concentrations of rhsp70 were added to the
cells in a volume of 50 ml, and plates were incubated for 144 h at 378C in 5% CO2.
Sixteen hours before cell harvest 1 mCi of [3H]thymidine (New England Nuclear,
Boston, Mass.) was added to each well. Cells were collected on glass fiber filters
with a semiautomated harvester (Skatron Inc., Sterling, Va.), and uptake of

radioactivity was measured by liquid scintillation. Proliferative responses were
considered positive when the response of cells incubated with antigen was
greater than or equal to three times that of cells incubated with medium alone.
Induction and measurement of DTH responses to rhsp70. Groups of six mice

that had been immunized with viable yeast cells or with rhsp70 were challenged
intradermally with 1 mg of the antigen in a volume of 0.05 ml. Footpad swelling
was measured 24 h later with a digital micrometer. The DTH response was
expressed as the percent increase in footpad size over that measured immediately
before antigen challenge. As a control, DTH was measured both in age-matched
control animals that had been injected with an equal volume of buffer emulsified
in adjuvant and in animals that had not been injected.
Organ culture of H. capsulatum. Lungs, spleens, and livers from groups of six

mice each were removed aseptically and homogenized individually by a Teflon
tissue grinder in 10 ml of sterile saline supplemented with 10 mg of gentamicin
per ml. Homogenates were serially diluted, and 0.1 ml of each dilution was plated
in duplicate onto brain heart infusion agar (2% agar) containing 1% dextrose,
0.01% cysteine hydrochloride, 10 mg of gentamicin per ml, and 5% defibrinated
sheep erythrocytes. Cultures were incubated at 308C for 7 to 10 days, and the
number of colonies was determined.
Statistics. The Student’s t test was used to compare groups. A P value of,0.05

was considered significant.
Nucleotide sequence accession number. The GenBank accession number for

the nucleotide sequence data reported in this paper is U46464.

RESULTS

Cloning and sequencing of hsp70. The hsp70 gene was ex-
cised from its original plasmid, pMB12, by digestion with PvuII
and subcloned into the EcoRV site of pBluescript SK2. The
gene encoding hsp70 was sequenced in its entirety. The gene
sequence and the deduced amino acid sequence are illustrated
in Fig. 1. On the basis of the homology of the sequence to
hsp70 from several sources, three putative introns were noted.
The identity of these introns was confirmed by reverse tran-
scription-PCR and sequence analysis of the resultant cDNA.
The gene encodes a protein of 652 amino acids.
Homology of H. capsulatum hsp70 to other members of the

hsp70 family. The deduced amino acid sequence of hsp70 from
H. capsulatum was aligned with hsp70 from Saccharomyces
cerevisiae and human samples (Fig. 2). The identity was 76%
with S. cerevisiae hsp70 and 71% with human hsp70.
Expression of hsp70 antigen. A cDNA was synthesized by

reverse transcription-PCR and cloned into the NdeI and
BamHI sites of pET19b. The plasmid was transformed into E.
coli. Clones were picked and restriction mapped to verify fi-
delity. One clone (phsp) was chosen for expression. The re-

FIG. 2. Alignment of amino acid sequence of H. capsulatum (Hc) hsp70 with
sequences of human (Hu) and S. cerevisiae (Sc) hsp70. The alignment was
performed by using PC/Gene (Intelligenetics). Dots indicate identical amino
acids. Dashes indicate end of sequence. Amino acid numbers are on the right.

FIG. 3. SDS–12% PAGE gel of purified rhsp70 stained with Coomassie blue.
Molecular weight markers (in thousands) are on the right.

FIG. 4. Western blot analysis of hsp70. Five micrograms of hsp70 was elec-
trophoresed in a 12% polyacrylamide gel and electroblotted to nitrocellulose.
Lanes were excised and reacted with anti-HLA-DR (left panel) or anti-hsp70
(right panel). Molecular weight markers (in thousands) are on the right.
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combinant protein was purified by metal chelate affinity chro-
matography and analyzed for purity by SDS-PAGE. A single
band of approximately 70 kDa was found (Fig. 3). To confirm
that the expressed protein was hsp70, 5 mg of the recombinant
protein was electroblotted to nitrocellulose and reacted with
MAb N27F3-4, which recognizes both the constitutive and
inducible forms of human hsp70 (11), or with the isotype-
matched MAb which recognizes HLA-DR. The immunoblot,
shown in Fig. 4, demonstrates that the protein was immuno-
reactive with the specific antibody but not with control anti-
body.
In vitro cellular immune activity of rhsp70. Since others

have reported that hsp70 stimulates antigen-reactive T cells,
we sought to determine if the recombinant protein was a target
of the cellular immune response. C57BL/6 mice were immu-
nized with either viable H. capsulatum yeast cells or recombi-
nant antigen, and spleen cells from these animals were tested
for their capacity to respond in vitro to rhsp70. Splenocytes
from animals immunized with the recombinant protein prolif-
erated in response to the antigen, whereas splenocytes from
animals injected with BSA did not. Spleen cells from mice
immunized with viable yeast cells and unimmunized control
animals failed to mount a proliferative response to rhsp70 (Fig.
5).
Induction of a DTH response in mice immunized with viable

yeast cells.Mice were injected with either yeast cells, 200 mg of
recombinant antigen, or 200 mg of BSA in adjuvant. Another
group of mice remained unimmunized. One day after injection
of 1 mg of rhsp70 into the footpad of mice, the DTH response
to the antigen was measured. The DTH response (mean 6
standard deviation) of animals injected with viable yeast cells
(17.5% 6 5.9%) or with recombinant antigen (15.3% 6 5.4%)
was significantly (P # 0.01) greater than that of animals in-
jected with BSA (1.4% 6 1.9%) and that of uninjected mice
(1% 6 2.5%).
Course of histoplasmosis in mice immunized with rhsp70. It

is generally acknowledged that cell-mediated immunity is the
principal host defense mechanism in response to H. capsula-

tum. Therefore, we tested whether immunization with rhsp70
could protect mice from a sublethal inoculum. Mice were in-
jected with either recombinant antigen or an equal amount of
BSA emulsified in adjuvant. Two weeks after immunization,
the animals were challenged intranasally with a sublethal in-
oculum containing 2.53 106 yeast cells. At 1, 2, and 3 weeks of
infection, mice were sacrificed, and the number of CFU in
lungs, spleens, and livers was quantified. The number of or-
ganisms recovered from the organs at all time periods did not
differ significantly (P . 0.05) between the group immunized
with rhsp70 and the controls (Fig. 6). Thus, rhsp70 did not
elicit a protective immune response in this model of pulmonary
histoplasmosis.

DISCUSSION

Our laboratory has been engaged in identifying antigens
from the pathogenic fungus H. capsulatum that elicit a cellular
immune response and/or protection. In recent years, it has
become clear that members of the hsp families, mainly hsp60
and hsp70, are major antigens of pathogens that trigger an
immune response (13). hsp are produced by prokaryotic and
eukaryotic cells in response to a variety of stress stimuli, in-
cluding heat shock and phagocytosis (6). We had previously
cloned the hsp70 gene from H. capsulatum in an attempt to
elucidate the possible role of hsp70 in morphogenesis (7). In
this study, we have sequenced and expressed the gene and
studied its immunological properties. Sequence analysis of the
gene revealed that it has high degrees of identity to hsp70 from
S. cerevisiae (76%) and human hsp70 (71%). When one com-
pares these three sequences, it appears that the C terminus is
hypervariable, while other regions seem more dramatically
conserved. These data extend the scope of hsp70 sequences
and confirm the extreme conservation in the sequence
throughout evolution and across species.
T cells are activated and proliferate in response to hsp70, as

has been demonstrated in Mycobacterium bovis bacillus
Calmette-Guérin vaccines as well as in leprosy and tuberculosis

FIG. 5. Splenocytes from hsp70-immunized mice respond to hsp70. C57BL/6 mice were immunized with 400 mg of rhsp70 (E) or BSA (F) suspended in
MPL-TDM-CWS, and proliferation was measured 14 days later. Splenocytes from mice immunized with H. capsulatum (å) or unimmunized splenocytes ({) do not
respond to hsp70. Data are the means 6 standard deviations of the means of triplicate measurements. Results are shown for two of five experiments.
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patients (18), whose T cells react with hsp70. In this study, we
sought to determine if hsp70 from H. capsulatum could stim-
ulate a cell-mediated immune response since this arm of im-
munity appears to be critical in host resistance to this fungus.
Splenocytes from mice immunized with the recombinant anti-
gen proliferated in vitro in response to rhsp70, whereas spleno-
cytes from animals immunized with viable yeast cells did not.
This is not overly surprising, since we had previously reported
that native hsp70 from H. capsulatum failed to stimulate pro-
liferation of a CD41 T-cell line (11). However, rhsp70 elicited
a cutaneous DTH response in mice immunized with viable
yeast cells or with antigen. These findings emphasize the com-
plex nature of measuring cell-mediated immune responses
since yeast-immunized mice reacted in vivo to antigen but cells
from these animals did not recognize antigen. The reason(s)

for this discrepancy is not known. It is possible that the han-
dling of antigen by different populations of antigen-presenting
cells alters presentation and recognition.
The number of H. capsulatum CFU in lungs, livers, and

spleens of mice immunized with rhsp70 was not substantially
different from that of control mice. Why immunization with the
recombinant antigen did not elicit a protective immune re-
sponse is unclear. One concern is that the function of an
antigen from H. capsulatum or any eukaryote expressed in a
prokaryote may not resemble that of the native protein. Bac-
teria may not fold eukaryotic proteins properly or may not
modify them normally posttranslation. These subtle changes
may alter the immunogenicity of the molecule. Consequently,
potential immunogens may be discarded unnecessarily.
rhsp70 does not contain N glycosylation sites, and care was

taken to renature it in a conformation similar, if not identical,
to that of the native protein. It seems unlikely that the recom-
binant protein did not exert its immunological function simply
because it was expressed in bacteria. The recombinant H. cap-
sulatum antigens hsp60 and H, both expressed in pET19b,
stimulated lymphocytes from yeast-immunized mice. More-
over, rhsp60 conferred protective immunity when used as a
vaccine (10). Thus, in general, prokaryotic expression is a rea-
sonable means by which to produce and test the activity of
eukaryotic proteins. The lack of efficacy of a given recombinant
protein expressed in bacteria does not necessarily indicate that
it does not induce an immune response. Rather, expression in
Pichia pastoris or insect cells with baculovirus may be alterna-
tives that need to be explored. Studies are under way to express
hsp70 in P. pastoris.
rhsp70 is the second antigen from H. capsulatum which does

not elicit a protective response despite being antigenic. We
have reported that H antigen from this fungus evokes cellular
immune responses in mice, yet it fails to vaccinate animals
against histoplasmosis (9). In contrast, rhsp60 from H. capsu-
latum stimulates cellular immune responses and protects mice
against a lethal intranasal challenge (10). Thus, a dichotomy
has been established: three antigens can prompt a cell-medi-
ated immune response, yet only one of them confers protec-
tion. These results provide evidence that the presence of DTH
does not precisely correlate with the expression of protective
immunity despite the classical association of these two entities.
The apparent functional differences among Histoplasma an-

tigens support the concept that linear amino acid sequences
are critical in determining the protective efficacy of an antigen.
Since T cells and cytokines are pivotal in clearance of the
fungus (8, 21), the capacity of an H. capsulatum antigen to
mediate protection may depend on qualitative and quantitative
differences in host response. That is, a protective antigen may
cause outgrowth of a T-cell receptor family that is essential for
protection. Alternatively, the protective antigen may generate
a different profile of cytokines or it may stimulate the release
of levels of cytokines that are necessary for elimination of the
organism.
We had previously demonstrated that a detergent extract of

cell walls and cell membranes from H. capsulatum yeast cells
(termed CW/M) reacted with two MAb to hsp70, and we
subsequently isolated a protein of approximately 80 kDa,
His-80 (11). This protein was analyzed for homology to hsp70
and tested for its antigenicity and immunogenicity. His-80 re-
acted with MAb to hsp70, and the amino acid sequence at the
amino terminus revealed that it was highly homologous to the
hsp70 family. A murine T-cell line proliferated in vitro in
response to His-80, but not in response to a purified hsp70
from H. capsulatum. In contrast to the results of the current
study, the 80-kDa antigen induced a cellular immune response

FIG. 6. Recovery of H. capsulatum from lungs, livers, and spleens of mice
immunized with rhsp70. Groups of C57BL/6 mice (n 5 5) immunized with 400
mg of rhsp70 (open bars) or with an equal amount of BSA (shaded bars)
suspended in MPL-TDM-CWS were infected with 2.5 3 106 yeast cells intrana-
sally. At weeks 1, 2, and 3 of infection CFU detected in organs were enumerated.
Data are the means 6 standard deviations of the means for five individual mice
at each time point.
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and conferred protection against a sublethal inoculum of H.
capsulatum (11). These findings suggest that members of the
hsp70 family, despite their enormous conservation in amino
acid sequences, may differ in their immunological properties.
Therefore, slight differences in amino acid sequence appear to
make substantial differences in the immune response. Thus,
His-80 seems to be a member of the hsp70 protein family but
it is not identical to hsp70. On the basis of its molecular weight
and its homology to the amino terminus of hsp70, His-80 may
be a member of the BiP family (17).
In summary, we have sequenced and expressed the gene

encoding hsp70 from H. capsulatum yeast cells. We have dem-
onstrated that the recombinant protein is antigenic but does
not confer protection. Although rhsp70 did not vaccinate mice,
it is quite possible that it amplifies the immune response during
genesis of protective immunity.
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