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Introduction: Cryptococcus neoformans is an encapsulated fungal pathogen that

causes life-threatening meningoencephalitis in immunocompromised patients. This
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yeast secretes several potent immunogenic proteins by secretory vesicular mechanisms,
such as HSP70 chaperone. Methods: The PCR-amplified HSP70 gene was cloned into
a PET-28a(+) expression vector. The purified recombinant HSP70 (rHSP70) was

evaluated by western blotting using an anti-His Tag-HRP antibody and then used for
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immunization of a rabbit. The serum of the immunized rabbit was tested against the
whole lysate of C. neoformans in ELISA. Results: The antibodies in the rabbit’s serum
recognized lysate of C. neoformans yeast. The highest antibody levels were achieved

after the third booster injection. Conclusion: The rHSP70 showed to be a reliable
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candidate for the designing and development of an ELISA kit for early detection of
cryptococcosis, and to screen a large number of specimens.

INTRODUCTION

Cryptococcus neoformans is a ubiquitous spherical
encapsulated fungus found in soil, some trees, and bird
excreta [1, 2]. The infection occurs after inhalation and
entrance of desiccated C. neoformans cells or fungal into the
alveolar space. In the most immune-competent individuals,
this infection either clears by the immune system or remains
dormant within lung granulomas without evidence of clinical
manifestation for an indefinite time until an immune
imbalance  leads to  further  development. In
immunocompromised patients, the fungus disseminates in
several parts of the body, especially the central nervous
system. In severe cases, dissemination to the brain tissue
leads to meningoencephalitis, which is the fatal form of the
infection [1-5].

Cryptococcus neoformans has emerged as a leading
cause of mortality in immunocompromised individuals,
including HIV*/AIDS patients and organ transplantation
recipients [1]. Worldwide, cryptococcal meningitis accounts
for more than 1 million cases, with about 625,000 deaths
annually [2, 4-7]. The prognosis of cryptococcosis depends
on early diagnosis, primarily, when the load of the yeast is
low. Early diagnosis can assist in the appropriate treatment
of the patients and reducing the mortality of the infection [8,
9].

There are some limitations for current methods to
diagnose cryptococcosis, including the need to a large
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number of yeast cells, the false-negative results in early
stages of the infection due to the low burden of Cryptococcus
yeasts and low sensitivity and specificity of the diagnostic
tests [2, 9, 10].

Humoral immunity is a crucial element of the host
defense against C. neoformans. Studies showed that both the
capsular polysaccharide and protein antigens of C.
neoformans elicit antibody responses during infection [11].

The heat shock protein 70 (HSP70), a cellular chaperone,
is synthesized in almost all organisms and plays a vital role
during heat shock stress when the yeasts enter the host body.
This protein is on the surface of the plasma cell membrane
[12-15], and the host immune cells can recognize it [15]. This
protein with a high concentration occurs in vesicular
components of yeast cells and acts as a virulence factor [15-
17]. Hsp70 is one potent immunogenic protein that can
stimulate humoral immune responses, particularly in
pulmonary cryptococcosis [13, 14, 17, 18].

This study aimed to evaluate the immunogenicity of
recombinant C. neoformans HSP70 for the development of a
simple and sensitive method for the diagnosis of
Cryptococcus infections.

MATERIAL AND METHODS

Fungal strain and culture media. The standard C.
neoformans serotype A was obtained from Pasteur Institute
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and was grown on Sabouraud dextrose agar plates for 48 h at
30°C.

Cloning of the C. neoformans hsp70 gene. The hsp70
gene was amplified by PCR using genomic DNA extracted
from C. neoformans serotype A (PFCC No: 93-589
Cryptococcus neoformans). A Ndel site was introduced at
the 5’-end of the forward primer
(TGGCAAAATGACCGTGTCGAG) and an EcoRI site at
5’-end of the reverse primer
(TTAGTCGACCTCCTCAACGGA). The PCR product
(2258 bp) was ligated into the PBSK(+) cloning vector
(InsTAclone-PCR Cloning Kit, MBI Fermentas, Lithuania).
The accuracy of the cloned sequence was confirmed by
colony PCR and sequencing, as described elsewhere [10].
The cloned hsp70 gene was subsequently subcloned into a
PET-28a(+) expression vector (Qiagen, USA), and the
recombinant plasmid was named pET-28a(+)-hsp70.

Expression of recombinant HSP70 (rHSP70). E. coli
BL21 (Qiagen, USA) competent cells were transformed with
pET-28a(+)-hsp70 and inoculated in LB broth containing
kanamycin (50 pg/ml). Expression of the recombinant
protein was induced by the addition of 1 mM IPTG
(Isopropyl p-d-1-thiogalactopyranoside) at an optical density
of 0.6 at 600 nm. After 4 h, the cells were harvested by
centrifugation, and protein analysis of the whole lysate was
performed by SDS-PAGE (Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis).

Purification and Western blotting of rHSP70. An
amount of 50 ml from induced bacteria was centrifuged, and
the bacteria pellet was dispersed in 1ml volume of lysis
buffer containing 10 mM imidazole and homogenized by
vortexing. The bacteria were lysed by sonication (six pulses
with a power of 200 W for 10 s), and soluble proteins were
obtained by centrifugation at 13000rpm for 30 min.
Purification of the histidine-tagged rHSP70 was performed
by immobilized metal affinity chromatography (IMAC).
Non-specific binders were washed away using wash-buffer
containing 30 mM imidazole. Elution of rHSP70 was
performed using elution-buffer containing 250 mM
imidazole. The eluted proteins were collected, passed from
a centrifugal filter device (cut off 10 kDa), and stored at
—80°C. The purified rHSP70 was evaluated by western
blotting using an anti-His Tag-HRP antibody (Pierce,
Rockford, USA).

Production of anti-rHSP70 antibodies in rabbit. A
mature white New Zealand rabbit was immunized with the
purified protein according to the protocol described by others
(19). Briefly, immunization was conducted by intramuscular
injection of 250 pg purified HSP70 (0.5 ml) with the same
volume (0.5 ml) of Freund’s complete adjuvant. For the
recall immunizations, the rabbit was re-injected with 125 pg
purified protein prepared in the same volume (0.5 ml) of
Freund’s incomplete adjuvant, 4, 6, 8, and 10 weeks later. A
serum sample before immunization was used as a negative
control. Finally, two weeks after the last immunization, the
rabbit blood was collected and serum separated.

ELISA. Two series of ELISA plates were prepared and
coated with 50 ul purified rHSP70 at a concentration of 2.5
pg/ml in PBS and cell lysate of C. neoformans yeast as
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antigen layers. The ELISA plates were incubated overnight
at 4°C and then washed three times with PBS-Tween 20,
0.05% (PBST). The coated wells were blocked with
phosphate-buffered saline (PBS) containing 2.5% bovine
serum albumin (BSA, Sigma) for 2 h at 37°C. The
immunized rabbit sera obtained at different time intervals
post immunizations were added at 1/100 dilutions. The plates
were incubated for 2 h at 37°C and washed three times with
PBST. Then, HRP-conjugated anti-rabbit 19G (Zist
Fanavaran Sina, Iran) was added (1:500 dilution) as the
secondary antibody, and the plates were incubated for 1 hour
at 37°C. After washing the plates with PBST, the substrate
3,3°,5,5’-tetramethylbenzidine (TMB) was added, and
optical densities were read 10 min later by ELISA reader
(Biotek, USA) at 450 nm, and 630 nm as the reference.
Mean OD450 of duplicate wells was used for the preparation
of the graph.

RESULTS

Amplification of the hsp70 gene from C. neoformans
genomic DNA revealed a single 2250 bp amplicon (Fig. 1),
which was confirmed by sequencing and ligated into the
expression vector pET-28a(+). After transformation into E.
coli expression strain BL21, and induction with IPTG, a
strong band of about 70 kDa was observed on SDS PAGE
(Fig. 2). The expression level was increased when IPTG
induction time was increased from one to three hours (Fig.
2). The rHSP70 was purified using a native IMAC method,
and a bright single band was observed in the elusion (Fig. 3).
Western blot analysis confirmed the recognition of the
purified protein with a monoclonal antibody against the
histidine tag (Fig. 4). While rHSP70 was highly expressed
by the bacteria, most of the protein was insoluble (Fig. 5).
The low solubility resulted in low yield of the purified
protein, as we only purified the soluble part of the expressed
HSP70. To obtain a high amount of the protein, it must be
purified under denaturing conditions and subsequently be
refolded to obtain native structure. However, the refolding
process may adversely affect native folding and antigenicity.

Fig. 1. Electrophoresis of PCR-amplified hsp70 gene. A, DNA
ladder; B, hsp70 gene
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Fig. 2. Expression of HSP70 in different bacteria colonies
on 12% SDS-PAGE gel. M, protein molecular weight marker;
lane 1, sample before IPTG induction; lanes 2, 4, and 6, bacteria
colonies, 1, 2 and 3, one hour after IPTG induction; lanes 3, 5
and 7, colonies 1, 2, and 3, four hours after IPTG induction

Fig. 3. Analysis of purification of rHSP70. Lane 1, soluble
cell lysate before purification; lane 2, flow-through; lane M,
protein molecular weight marker; lane 3, washed away proteins;
lanes 4-7, eluted proteins; lane 8, MES buffer
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Fig. 4. Western blotting of Histidine-tagged rHSP70 using
a monoclonal antibody against histidine tag. Lane A, protein
ladder; lane B, rHSP70 protein
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Fig. 5. Analysis of solubility of HSP70. Lane 1, bacterial
supernatant (soluble phase); lane M, protein molecular weight
marker; lane 2, Bacterial deposition (insoluble phase)
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Fig. 6. Trend diagram of the increase of specific polyclonal antibody titers against a lysate of C. neoformans yeast in immunized rabbit
serum using the ELISA technique
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The antibodies from the serum of the rabbit immunized
with rHSP70 recognized the HSP70 protein in the lysate of
C. neoformans yeast in ELISA. The antibody titers reached
the highest levels after the third booster injection. The
antibody titer reached the plateau after that [Fig. 6]. The
results confirmed the desirable immunogenicity of the
rHSP70.

DISCUSSION

Cryptococcosis is an exacerbating factor in patients with
HIV infections and other immunocompromised patients that
require proper treatment as soon as possible [9]. Diagnostic
methods, whether direct or indirect, have some limitations,
including false-negative results in the early stages of
infection, the time-consuming culture of the agent, and false-
positive results, e.g., latex agglutination test with some
bacteria and detergents [10, 2]. As a result, the diagnosis of
this infection requires more specific and sensitive techniques
for faster diagnosis. Serology can provide the fastest
diagnosis for this fungi infection [8].

Recent studies in several pathogen microbes have shown
that members of the HSP family containing HSP70 are of
significant antigenicity effect. Furthermore, HSPs are often
the primary immunologic target for the humoral and cellular
immune responses [13, 14]. In C. neoformans yeasts, the
HSP70 protein enters the plasma membrane before being
released into the extracellular space by the vesicular
secretory system and in association with the capsular
network [12-15]. The HSP70 is an immunodominant antigen
capable of triggering the humoral immune response and
antibody production [14, 18].

In this study, we produced rHSP70 and demonstrated the
immunogenicity of the protein. The purified HSP70 might be
a suitable candidate for application in the serological
diagnosis of C. neoformans. Serology is the technique of
choice to detect cryptococcosis infection because it is fast,
simple, widely available, and inexpensive. The reported
sensitivity and specificity of 1gG serology in latex
agglutination and enzyme immunoassay techniques are 93%
to 100% and 93% to 98%, respectively. [2]. There is a need
for a simple and reliable test that is not only inexpensive but
also technically conceivable and applicable in most areas.
Here, we showed that the HSP70 is not only readily
producible in recombinant form, but also has the required
properties of an antigen for application in diagnostic
approaches.

This study attempted to establish an expression system
which would allow the reproducible production of rHSP70
under standard conditions in E. coli. The results showed that
the expression of hsp70 was achievable using the pET-28a(+)
expression system, and the BL21 cells were able to produce
rHSP70 efficiently.

Recognition of the HSP70 available in the whole cell
lysate of C. neoformans by antibodies in serum of the rabbit
immunized with rHsp70 showed that the purified
recombinant protein presents the antigenic epitopes.
Moreover, the results showed that rHSP70 efficiently
induced a specific antibody response in the immunized rabbit
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with a high titer, indicating the desirable antigenicity and
immunogenicity of the recombinant protein.

The presented data represent that the C. neoformans
HSP70 efficiently induces specific antibodies, which can
easily be detected by serological assays based on rHSP70,
implying an excellent potential for the establishment of a
rapid C. neoformans yeast diagnostic assay. Thus, the
rHSP70 protein presents a potential candidate to screen large
populations for cryptococcosis in prevalent regions.
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