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Abstract

A-hemolysin is one of the virulence factors that cause damage of RBC membranes. In the present study,
S. aureus hemolysin was used as a model of toxin. Pathogenic strain of S. aureus, isolated from patient
wounds, was used to produce a-hemolysin in tryptic soy broth medium. After 40 hrs of S. aureus growth,
the supernatant was precipitated with 75% ammonium sulphate before purification by DEAE- cellulose
and sephacryl-S200 chromatography. Detoxification of pure hemolysin by different temperature and two
types of UV light had been achieved. Furthermore, calcium phosphate nanoparticles (CAP NPs) was
prepared and used, as nanoadjuvant, to carry detoxified hemolysin. Scanning electron microscope (SEM),
UV-VIS spectrophotometer, Zeta potential and X-ray diffraction (XRD) were used to characterize CAP
and CAP/hemolysin complex. The CAP NPs appeared spherical in shape with diameter average 36-67nm,
while, zeta potential of CAP NPs was -34.47 mV. The XRD patterns revealed the combination of CAP
NPs with detoxified hemolysin and lost crystalline structure of CAP. Moreover, the combination was used
to induce T-lymphocyte transformation and cytokines secretion in vitro. Lymphocyte proliferation with0.7
pug/ml of detoxified hemolysin increased proliferation 4.5 fold compared to negative control. On the other
hand, 1.4 pg/ml of detoxified hemolysin stimulate the cytokines production of IL-18 and IL-6 to 16.4 and
18 pg/ml, respectively.
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Introduction

S. aureus is the most pathogenic specie of the
genus Staphylococcus, being implicated in
both community-acquired and nosocomial
infections. It often asymptomatically colonizes
the skin and mucous membranes of healthy
individuals, in particular the anterior nares
[1]. In effect, it has been estimated that about
20-30 % of the population are permanently
colonized by this bacterium, while other 30 %
are transient carriers [2]. The colonization
represents an increased risk of infection by
providing a reservoir from which bacteria are
introduced when the host defense is
compromised [3]. Due to the importance of S.
aureus infections and the increasing
prevalence of antibiotic-resistant strains, this
bacterium has become the most studied
staphylococcal species [4]. A-hemolysins are
extracellular toxic proteins which are
produced by many gram negative (e.g.
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Escherichia coli, Serratia spp., Proteus spp.,
Vibrio spp., Pasteurella spp., Pseudomonas
aeruginosa) and gram positive bacteria (e.g.
Streptococcus spp., Staphylococcus aureus,
Listeria spp., Bacillus cerius, Clostridium
tetani), all of which possess a certain
pathogenic potential. A-hemolysins have been
therefore always considered as virulence
factors. a-hemolysins cause lysis of
erythrocytes by forming pores of varying
diameters in the membrane and are
designated as such because they have the
ability to lyse red blood cells (RBCs).Many
hemolysins can also attack —probably by a
similar mechanism-other mammalian cells.
Due to this cytolytic effect, they are also
termed cytolysins [5].Vaccination to protect
against human infectious diseases may be

enhanced by using adjuvants that can
selectively  stimulate = immunoregulatory
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responses. Calcium phosphate (CA) is a
constituent of the human body was more
potent to use as adjuvant with the absence of
side effects[6].A-hemolysin might be a
stronger inducer of the inflammasome to be
an important intracellular signaling complex
[7].Pro-inflammatory cytokines are often
present at elevated levels in the course of
inflammatory responses and infections.
Particularly, the prototypic pro-inflammatory
cytokine IL-18 might have a direct impact on
CD* T cell expansion. The IL-1 effect was
action on antigen presenting cells (APCs) and
its effect depended on the expression of the
responding T cells, implying that it may have
mimicked the action of TLR-engaging or
inflammasome-activating.

Indeed it had been shown that IL-1 plays a
role in the regulation of DC activation |,
enabling the production of cytokines and
enhancing the differentiation of T cells [8
,9].The aims of present study were to produce
a- hemolysin from S. aureus and detoxified by
different temperature and two types of UV (A
and C). The detoxified toxin was loaded by
calcium phosphate nanoparticles (CAP NPs)
after characterized by spectrophotometer,
Zeta potential, SEM and XRD. The immune
response was determined in vitro when

detoxified hemolysin was used after combined
CP NPs.

Materials and Methods
Production of Hemolysin

Tryptone soya broth medium was used to
produce hemolysin [10]. A 50 ml of S. aureus
suspension (108 cells /ml) was inoculate in
1000 mL of production medium and incubated
at 37 °C for 40 hrs.

Hemolysin Activity Assay

Hemolytic activity of a-hemolysin was
determined according to the procedure that
mentioned in [11] with some modification. In
brief, 200 pL of the separated blood was
mixed with 1600 pL of normal saline. Then,
200 pL of different concentration of
supernatant (5, 10, 20, 40 and 80 pL mlL?)
were added to the diluted blood .The samples
were incubated at 37°C for 1 h and
centrifuged at 700 rpm for 5 min. Positive and
negative control include DW and normal
saline, respectively, were used for comparison.
Samples absorbance was measured
spectrophotometry at 541 nm and hemolysis
percentage was estimated by using the
following formula:

Abs. of sample — Abs. of negative control

x 100

Hemolysis (%) =

Abs. of positive control — Abs. of negative control

Purification of Hemolysin

The culture supernatant was fractionated by
ammonium sulphate at 75 % saturation.
Concentrated hemolysin (10 ml) was passed
onto DEAE cellulose column (3x 10 cm)
gradually. Elution was carried out with 10
mM sodium acetate buffer (pH 5) containing
200 mM NaCl. Moreover, Sephacryl S-200
column (50 x1.5 cm) was used for more
purification. The column was equilibrated
with 10mM sodium acetate buffer (pH 5)
containing 20mM NaCl [12]. Fractions of 5ml
were collected and the presence of the protein
and hemolysis activity was estimated
spectrophotometry in each fraction.

Physical Detoxification of Hemolysin

Detoxification of a-hemolysin by different
temperature and two types of UV light had
been applied. Pure hemolysin was incubated
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in different temperatures (30, 40, 50, 60 and
70 °C) for 30 and 60 min, separately. On the
other hand, ultra-violate radiation type A and
C were used to detoxify pure hemolysin ,
distributed in plates , with exposing time of 5,
10, 20 and 40 min and the distance was 5 cm
from the UV source. Activity of the hemolysin
was measure as described previously.

Loaded Detoxify Hemolysin on Calcium
Phosphate NPs

CAP NPs were synthesized by reactingl2.5
mM calcium chloride, 12.5 mM dibasic sodium
phosphate, and 15.6 mM sodium citrate were
mixed together and stirred for 48hr, after that
sonication for 30min. Detoxified hemolysin
was loaded according to the procedure that
mentioned [6]. Protein was added to 12.5mM
calcium chloride, followed by the addition of
12.5 mM dibasic sodium phosphate and 15.6
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mM sodium citrate. The solution was stirred
overnight at 4°C. CAPNPs was characterize
alone or in the presence of detoxified
hemolysin.

Characterization
Spectrophotometer

The UV analysis was carried out by scanning
the prepared solution of CAP NPs by UV/Vis
spectrophotometer in range of 200-1000 nm.

Scanning Electron Microscope (SEM)

SEM analysis was done by dispersing 10 ul of
CAP NPs on cover slide and dried at room
temperature.

Zeta Potential

The zeta potential analysis of prepared CAP
NPs was determined. The solution potential
was measured by electrode range from -160 to
160 mv.

X-Ray Diffraction

XRD pattern was determined for precipitated
CAP NPs on 1 cm? glass slide at 40 KV
operating voltage and 30 mA current with Cu
radiation and scan range of 10.0000 - 80.0000

(deg).

Lymphocyte Transformation Test

Five milliliters of whole blood transferred into
tubes, contained lithium heparin, 250 pl of
whole blood mixed gently with 0.7 or 1.4
ug/ml detoxified hemolysin and incubated at
37 °C for 72 hrs. Thereafter, tubes were
centrifuged at 3000 rpm for 5 min. The
sediment was transferred into sterile tubes
and 5 ml of hypotonic solution was added and
incubated again at 37 °C for 50 min. The
centrifugation step was repeated again and
5ml of fixation solution (3:1 absolute ethanol
and acetic acid) was added and incubated at
4°C for 15 min. Fixation step were repeated
even get clear colorless precipitation, then
suspended in 0.5ml of the fixation solution.

Then, the suspension was dropped on glass
slide and left to dray in room temperature.
Thereafter, stained with Giemsa stain for 15
minutes before washing and dried again.
Negative control, includes 2.5 ml of RPMI-
1640 medium and 250 pl of whole blood, and

positive control, includes
Phytohaemagglutinin (PHA) 5 pg / ml more
than  negative  control, were  used.

Lymphocytes (including lymphoblast and non-
dividing lymphocytes) were counted under
light microscope according to the following
equation [14]:

Lymphoblast number

Transformed cells (%) =

*100

Total number (lymphoblast + lymphocyte)

Determination of the Cytokine Level by
ELISA Technique

Venous whole blood sample was collected
from healthy person never took medicines for
at least 10 days before. In order to determine
the cytokines level, phosphate buffer saline
(pH 7.2) was added to the 5 ml whole blood,
mixed previously with 0.2 % EDTA, in ratio of
1:1. The whole mixture was added carefully to
the Ficoll separation fluid (lymphprep;
specific gravity=1.077¢g/1) in ratio 2:1.

The sample was centrifuged at 2000 rpm for
30 min. The lymphocyte layer was collected
by Pasteur pipette and then the suspension
placed into 10 ml tube. Wash the lymphocyte
twice with 5ml RPMI-1640 media, centrifuged
for 10min at 2000 rpm. The lymphocytes were
re-suspended in RPMI-1640 media for further
investigation [15].

©2009-2019, JGPT. All Rights Reserved

Using tissue culture plate, 0.1, 0.3, 0.7 and
1.4 pg/ml of detoxified hemolysin was added
200 pl of lymphocyte suspension.

Plates were incubated at least for 4 hours at
37°C, then harvested into appendorf tubes
centrifuged for 20min at 2000 rpm. This
process above was repeated at least three
times to increase cytokine amount. With the
final centrifugation supernatant containing
cytokine were taken and freeze at -20°C for
further study and measuring IL-18 and IL-6
using ELISA [16].

Result and Discussion

Production and Purification of A-

hemolysin

S. aureus was incubated in tryptic soya broth
(TSB) at 37 °C. Hemolysis activity of a-
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hemolysin was determined during incubation,
as presented in figure (1). The results showed
that the o-hemolysin production was
increased with time and hemolysis activity

was higher at 40 hrs. Kong and his colleagues
produced a- hemolysin toxin from S.aureus
and induced toxin production in TSB medium

[10].

Hemolysis (%)
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- 20
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e ————T
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Figure 1: a- hemolysin production by S. aureus in TSB medium at 37 °C

Hemolysin was precipitated in 75 %
saturations of ammonium sulfate in order to
concentrate the crude toxin to 15ml,
hemolysis activity (52.3 %) and protein
concentration (0.9 mg/ml) of crude toxin were
obtained and final volume 10 ml after
dialyzed overnight. Lind and his colleagues
found that ammonium sulfate, with 75%
saturation, is the highest ratio to precipitate
a-hemolysin [17]. This step allows the salting
out of molecules from water. Since ammonium
sulfate has the ability to neutralize charges at
the surface of the protein and to disrupt water
layer surrounds the protein and eventually
cause decreasing in the solubility of protein
which, in turn lead to the precipitation of the
protein [18, 19]. DEAE-Cellulose ion

exchanger was used to purify 10 ml of crude
hemolysin obtained from salt fractionation.
Hemolysin was eluted from column by 200
mM NaCl in 10 mM sodium acetate (pH 5).
The absorbance of the washing parts was
measured at 280nm after restoring the
protein process associated with the ion
exchanger was performed. The results of the
ionosphere chromatography analysis showed
that absorbance at 280nm revealed the
protein existence and hemolysis activity in
tubes (21-27), while negative tubes were
discarded, as shown in Figure (2). The
positive tubes were mixed (35 ml) and
concentrated in sucrose to 10 ml. Activity
reached (35%) and the protein concentration
(0.490mg/ml) and final volume 10 ml.

Wash
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Figure 2: Purification of S.aureus a-hemolysin in DEAE-cellulose column (3 x10 cm), equilibrated with
10mM acetate buffer pH 5.0, flow rate 60 ml/hr and fraction volume 5ml
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Purification carried out by gel filtration using
Sephacryl S-200. Hemolysin obtained from
DEAE cellulose column (10 ml) was passed
through gel filtration column (1.5 x50 cm).
One peak of absorbance at 280nm was

appeared in fractions 7-16. The protein
activity was 17.5%, as shown in Figure (3),
while protein concentration was (0.066mg/ml).
The tubes were collected and concentrated in
sucrose to 3 ml.

== Hemolysis activity
20 =m— Absorbance at 280nm - 0.25 c

~ 18 =
X o
(=)
=~ 12 0.2 @
2 x
>
IS} 12 0.15 §
qE; 10 §
L 8 0.1 5

6 o]

4 0.05 <

2

0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Fraction number

Figure 3: Purification of S. aureus a-hemolysin in Sephacryl S-200 column (1.5 x50 cm), equilibrated with 10mM
acetate buffer pH 5.0, flow rate 60 ml/hr and fraction volume 5ml

Physical Detoxification of A-hemolysin

Different incubation temperatures were used
to reduce the activity of purified a-hemolysin
within 30 or 60 min, as presented in figure
(4). The results showed that the activity of
toxin reached its maximum activity at 30 and
40 °C .The hemolysis activity then decreased
whenever temperature exceed more than 40
°C, and the detoxification was observed at 70
°C within 60 min . A-hemolysin maintains its
hemolytic activity with a wide range of
temperature related to the type of organism.
The effect of temperature on the purified
hemolysin activity was due to a change in the

nature of the protein structures resulting
from the breakdown of ionic bond and the
weakness of hydrogen bond that stabilize the
three-dimensional structure of the protein
[20]. Furthermore, protein denaturation is
often irreversible because of covalent bond
breaking and/or aggregation of unfolded
protein. Temperature variations lead to
changes in both the volume and the thermal
energy of protein and it is difficult to separate
these effects [21]. It is agreed that most
proteins are more stable in low temperature,
and the most active and optimal temperature
for a-hemolysin was 35 °C [22].
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Figure 4: Detoxification of S. aureus a-hemolysin by different temperature with time
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On the other hand, the exposing of a-
hemolysin to UVA and UVC radiation under
different durations was investigated. The
results in figure (5) showed that the activity

of alpha-hemolysis was reduced to 13.5 and
11.65 % after 5 min of exposure to UVA and
UVC, respectively. The detoxification of toxin
was clearly observed when the toxin exposure
to the UVA and UVC within 40 min.
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Figure 5: Detoxification of S. aureus a-hemolysin by UVA and UVC with time

Ultraviolet ray is a type of electromagnetic
(EM) radiation led to damage in the
functional structure of proteins, inactivation
and causes some diseases. Electron transfers
to the nearby disulfide bonds formed between
cysteine amino acids when the protein
absorbed the UV. UVA radiation has longest
wavelengths (315—400 nm), while UVC
radiation has shortest wavelengths (180-280
nm) [23, 24]. UVC region as the most
biologically effective wavelength, identified
for DNA and protein as the principal damage
target. As a consequence, most research into
the biological effects of UV has been based on
lamps emitting predominantly UvC
radiation. While, UVA region were generating
various reactive oxygen species (ROS)
Moreover, most UVA-mediated biological

<.5
<.0
3.5
3.0

276nm

2.5

Absorbance

roomd Lo G ] SR SO IS ISt R

events are oxygen-dependent. These
observations  provided the basis for
considering UVA as a strong generator of
oxidative stress [25].

Characterization of CAP NPs

CAP-NPs absorbance was measured using
UV-VIS scanner spectrophotometry ranged
from 200-1000nm wavelengths. The result in
figure (6) showed the scan of CAP NPs spectra
with detected absorbance at 276nm. The
results are extremely agreed with the results
that referred to the detection of CAP NPs in
276nm [26].Another study showed that CAP-
NPs was could be synthesized by the chemical
method can be detected at absorbance
between 230-260 nm [27].

L Ll
=200 400

v 5l

.
SO0 800 1000

Wavelength (nm)
Figure 6: Spectra scan of CAP-NPs
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Moreover, SEM technique was employed to  spherical particles with diameter ranged
measure the size and visualize the shape of from36 to 67nm [28], as presented in Figure
CAP-NPs. SEM revealed that CAP-NPs are (7.

SEM MAG: SO0 KkKx Det: SE

S LA s il L ey (o ] |
BEM HMV: 20.0 Vv Date{m/cd/y): 1v/28/180 1

Figure 7: SEM image of CAP-NPs

On the other hand, zeta potential is widely = mV as shown in Figure (8). Stable CAP-NPs,
used for quantification of the magnitude of from -30 to +30, prevent flocculation and
the electrical charge. The average zeta  aggregation of the nanoparticles [29].
potential of CAP-NPs was found to be -34.47
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Figure 8: Determination of CAP-NPs zeta potential

Power

Furthermore, XRD patterns of both CAP-NPs  pattern of CAP-NPs with hemolysin revealed
and CAP- NPs with detoxified hemolysin are  disappearing in peaks at 30 and 40 degrees,
represented 1in Figure (9). Crystalline due to the diffuse and binding NPs with
structure of free CAP-NPs distanced by  hemolysin.
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Figure 10: XRD patterns of single CAP- NPs or in combination with hemolysin
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Lymphocyte Transformation and

Cytokines Detection

Lymphocyte stimulation was induced by
different  concentrations of  detoxified
hemolysin, as showed in Figure (11).
Detoxified hemolysin at a concentration of

1.4ug/ml showed higher lymphocyte

proliferation and six times higher than
negative control. Lymphocyte incubated with
(PHA) alone for 72 hrs substantially promote
proliferation with 3-fold increasing, while
0.7ug/ml of detoxified hemolysin increased
4.5-fold when compared to negative control.
Figure (12) presented the lymphocyte
proliferation after 72 hrs of incubation at 37

°C.
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1.4
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Figure 11: Lymphocyte transformation (%) after incubated with (PHA) and detoxified hemolysin for 72
hrs. Control 1: without detoxified hemolysin and control 2: PHA only (5 pg/ml)

The biomimetic nanoparticle system offers a
versatile approach for vaccine development
against many infectious diseases [30]. In
present study, nanoparticles have
demonstrated  unique advantages in
enhancing immunotherapy potency interest in
developing safe and effective vaccine
formulation. Vaccination against virulence
factors through detoxified bacterial toxin
sequestration and loaded on nanoparticles
can be directly target APCs with both T and B
cell epitopes, which induce both cellular and

humoral immune responses essential for
treatment of various infections [31].
Detoxified hemolysin was exhibit various
pathogen  associated-molecular  patterns
(PAMP) that play a key role in stimulating
innate immunity and promoting adaptive
immune responses [32]. CD*T cells play a
critical role in mediating adaptive immunity
to a variety of pathogens. The detoxified
hemolysin  stimulates  lymphocytes to

proliferate and differentiate. Niebuhf and his
colleagues found that the hemolysin induce
lymphocyte proliferation [33].

On the other hand, detoxified hemolysin was
responsible for activation of inflammatory
responses include maturation and secretion of
inflammatory cytokines (IL-18 and IL6). The

©2009-2019, JGPT. All Rights Reserved

Figure 12: Lymphocyte proliferation after 72 hrs of incubation at 37 °C with detoxified hemolysin

- - " -

results showed that 0.1 and 0.3 pg/ml of
detoxified hemolysin did not stimulate
cytokines production. On the other hand, 0.7
and 1.4pg/ml of detoxified hemolysin,
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stimulate the production of cytokine IL-18 to
2.8 and 16.4 pg/ml and cytokine IL.-6 to 1 and

1=
— A&
14
12

10

Interlukine (pg/m

2
° }

0.7

18 pg /ml, respectively, as shown in Figure
(13).

o Contraol
-1
| |

1.4
Detoxified hemolysin concentratiom (ug/ml)

Figure 13: Detoxified hemolysin -induced IL-13 and IL-6 production determined by ELISA assay

a-hemolysin  has ability to  induce
inflammatory signaling and activation of
caspase-1 through the nucleotide-binding
oligomerization domain (NOD)-like receptor
family pyrin domain-containing 3 ( NLRP3)
inflammasome, and could be inducing IL-18
and IL- 6 secretion [34,35]. Inflammasomes
are multiprotein complexes found in
monocytic-lineage cells. They are classified in
part by specific cytosolic pathogen recognition
receptors (PRR) that, in response to danger
signals, assemble to activate caspase-1.

The PRR (NLRP3) is known to respond to
stimuli, including efflux of potassium (K+)
that can be induced by pore-forming toxins.
NLRP3 then can activate caspase-1 via the
ASC (apoptosis-associated speck-like protein
containing a CARD domain) adaptor protein.
Active caspase-1 cleaves and activates
proinflammatory cytokines IL-1B, leading to
their secretion, these cytokines, in turn,
recruit monocytes and macrophages to the
site of infection and induces Thl and Th17
adaptive immunity [36, 37]. Inflammation is
the immune system's response to harmful
stimuli, such as pathogens, damaged cells or
toxic compounds, initiates a chemical
signaling cascade that stimulates responses
aimed at healing affected.

These signals activate leukocyte chemotaxis
from the general circulation to sites of
damage. These activated leukocytes produce
cytokines that induce inflammatory responses
and acts by removing injurious stimuli and
initiating the healing process. Inflammation
is therefore a defense mechanism that is vital
to health [38].
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The principal functions of the immune system
are the recognition and elimination of foreign
antigens, formation of immunologic memory.

T lymphocytes and B lymphocytes which work
in close collaboration with the innate immune
system CD*T cells along with CD*8T cells
make up the majority of T-lymphocytes.
CD*™T cells after being activated and
differentiated into distinct effector subtypes
play a major role in mediating immune
response through the secretion of specific
cytokines [39].

Inactivated vaccines are presented in the
context of second-class MHC molecules to
CD** T lymphocytes. Vaccination with live
attenuated vaccines can lead to the
intracellular production of antigenic peptides
within antigen-presenting cells, which are
then presented to CD*® T lymphocytes in the
context of MHC first class molecules. T cells
recognize the MHC/antigen complex with
their specific T cell receptors. This leads to T
cell activation, clonal expansion of effector T
cells, and the formation of long-lived memory
T cells, the hallmark of adaptive immunity. In
the case of primary exposure to an antigen,
naive, antigen-inexperienced T cells are
activated. On booster vaccination, preexisting
memory T cells recognize antigen-loaded
dendritic  cells, expand rapidly, and
differentiate into effector T cells, which leads
to a faster and stronger memory response[40].

Conclusion

Separation and purification of a-hemolysin
using ion exchange and gel filtration
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chromatography provide simple and rapid
technique for protein purification and the
molecular weight of purified o-hemolysin
estimated as 36.545 KD. Removal of
hemolysin toxicity can be achieved physically

References
2. Wertheim H, Melles D, Vos M, Vanleeuwen W,

10.

11.

12.

Vanbelkum A, Verbrugh H, et al (2005) The
role of nasal carriage in infections. The Lancet
Infectious Diseases, 5 (12): 751-762.

. Peacock Sd, De Silva I, Lowy FD (2001) What

determines nasal carriage of Staphylococcus
aureus? Trends in Microbiology, 9 (12): 605-610.

Tatini SR  (2016) Influence of Food
Environments on Growth of Staphylococcus
Aureus and Production of  Various
Enterotoxins. dJournal of Milk and Food
Technology, 36 (11): 5659-563.

Deyno S, Toma A, Worku M, Bekele M (2017)
Antimicrobial resistance profile of
staphylococcus aureus isolates isolated from ear
discharges of patients at University of Hawassa
comprehensive specialized hospital. BMC
Pharmacology and Toxicology. 18 (1): 35.

Nadir MI, Al-Hassani HS, Al-Shammary AH
(2012) Purification and characterization of
hemolysin produced by a local isolates of
Staphylococcus aureus. Kerbala Jorunal of
Medicine, 5 (12): 1455-1463.

He Q, Mitchell AR, Johnson SL, Wagner-
Bartak C, Morcol T, Bell SJD (2000) Calcium
phosphate nanoparticle adjuvant. Clin. Diagn.
Lab. Immunol., 7 (6): 899-903.

Munoz-Planillo R, Franchi L, Miller LS, Nufez
G (2009) A critical role for hemolysins and
bacterial lipoproteins in Staphylococcus aureus-
induced activation of the Nlrp3 inflammasome.
The Journal of Immunology, 183 (6): 3942-3948.

Luft T, Jefford M, Luetjens P, Hochrein H,
Masterman K-A, Maliszewski C, et al (2002) IL-
18 enhances CD40 ligand-mediated cytokine
secretion by human dendritic cells (DC): a
mechanism for T cell-independent DC
activation. The Journal of Immunology, 168 (2):
713-722.

Wesa A, Galy A (2002) Increased production of
pro-inflammatory cytokines and enhanced T
cell responses after activation of human
dendritic cells with IL-1 and CD40 ligand. BMC
Immunology, 3 (1): 14.

Sato T, Kamaguchi A, Nakazawa F (2012)
Purification and characterization of hemolysin
from Prevotella oris. dJournal of Oral
Biosciences, 54 (2): 113-118.

Joshy KS, Sharma CP, Kalarikkal N, Sandeep
K, Thomas S, Pothen LA (2016) Evaluation of

©2009-2019, JGPT. All Rights Reserved

using heat and radiation. The use of CAP NPs
to deliver a-hemolysin into cells is possible.
Detoxified a-hemolysin can induce immune
cells proliferation and cytokines production.

in-vitro cytotoxicity and cellular uptake
efficiency of zidovudine-loaded solid lipid
nanoparticles modified with Aloe Vera in
glioma  cells. Materials  Science and
Engineering: C, 66: 40-50.

13. Lind I, Ahnert-Hilger G, Fuchs G, Gratzl M
(1987)  Purification of alpha-toxin from
Staphylococcus aureus and application to cell
permeabilization. Analytical Biochemistry, 164
(1): 84-89.

14. Whitaker JR, Bernhard RA (1972) Experiments
for an Introduction to Enzymology. Whiber
Press.

15. Selypes A, Viragt I (1988) Phytohemagglutinin-
stimulated lukocyte- condi tion edmedium
induces differentiation IN in acute
promyelocytic leukemia cells in vitro, 12: 951-
953.

16. Fernandez-Botran R, Vetvicka V (2000)
Advanced methods in cellular immunology.
CRC Press, .

17. Waal MR, Moore KW (1998) In: Thompson, A.
(Ed.), Interleukin-10.Academic Press, San
Diego, CA, 333-364.

18. Lind I, Ahnert-Hilger G, Fuchs G, Gratzl M
(1987)  Purification of alpha-toxin from
Staphylococcus aureus and application to cell
permeabilization. Analytical Biochemistry. 164
(1): 84-89.

19. Trevino SR, Scholtz JM, Pace CN (2007) Amino
acid contribution to protein solubility: Asp, Glu,
and Ser contribute more favorably than the
other hydrophilic amino acids in RNase Sa.
Journal of Molecular Biology, 366 (2): 449-460.

20. Wingfield PT (2016) Protein precipitation using
ammonium sulfate. Current Protocols in
Protein Science, 84 (1): A-3F.

21. Particle Sciences (2009) 23-Protein Structure.
Technical Brief, 8(8): 1-2.

22. Mozhaev VV, Heremans K, Frank J, Masson P,
Balny C (1996) High pressure effects on protein
structure and function. Proteins: Structure,
Function, and Bioinformatics, 24 (1): 81-91.

23. Li L, Jiang X, Guan H, Wang P, Guo H (2011)
Three alginate lyases from marine bacterium
Pseudomonas fluorescens HZJ216: purification
and characterization. Applied Biochemistry and
Biotechnology, 164 (3): 305-317.

24. Neves-Petersen MT, Klitgaard S, Pascher T,

716



25.

26.

217.

28.

29.

30.

31.

32.

Mohamad J. Khadum et. al. | Journal of Global Pharma Technology | 2019] Vol. 11| Issue 09 (Suppl.) |707-717

Skovsen E, Polivka T, Yartsev A, et al (2009)
Flash photolysis of cutinase: identification and
decay kinetics of transient intermediates
formed wupon UV excitation of aromatic
residues. Biophysical Journal, 97 (1): 211-226.

Durchschlag H, Fochler C, Feser B, Hausmann
S, Seroneit T, Swientek M, et al (1996) Effects
of X-and UV-irradiation on proteins. Radiation
Physics and Chemistry, 47 (3): 501-505.

Karran P, Brem R (2016) Protein oxidation,
UVA and human DNA repair. DNA Repair, 44:
178-185

Pokale P, Shende S, Gade A, Rai M (2014)
Biofabrication of calcium phosphate
nanoparticles using the plant Mimusops elengi.
Environmental Chemistry Letters, 12 (3): 393-
399.

Hou S, Ma H, Ji1 Y, Hou W, Jia N (2013) A
calcium phosphate nanoparticle-based
biocarrier for efficient cellular delivery of
antisense oligodeoxynucleotides. ACS Applied
Materials & Interfaces, 5 (3): 1131-1136.

Manuel CM, Foster M, Monteiro FdJ, Ferraz
MP, Doremus RH, Bizios R (2004) Preparation
and characterization of calcium phosphate
nanoparticles. in: Key Eng. Mater., Trans Tech.
Publ., 903-906.

Naqgvi S, Maitra AN, Abdin MZ, Akmal M,
Arora I, Samim MD (2012) Calcium phosphate
nanoparticle mediated genetic transformation
in plants. Journal of Materials Chemistry, 22
(8): 3500-3507.

Yang G, Chen S, Zhang J (2019) Bioinspired
and Biomimetic Nanotherapies for the
Treatment of Infectious Diseases. Frontiers in
Pharmacology, 10: 751.

Angsantikul P, Thamphiwatana S, Gao W,
Zhang L (2015) Cell membrane-coated
nanoparticles as an emerging antibacterial
vaccine platform. Vaccines, 3 (4): 814-828.

©2009-2019, JGPT. All Rights Reserved

33.

34.

35.

36.

37.

38.

39.

40.

41.

Broker B, Mrochen D, Péton V (2016) The T
Cell Response to Staphylococcus aureus.
Pathogens, 5 (1): 31.

Niebuhr M, Mamerow D, Heratizadeh A,
Satzger I, Werfel T (2011) Staphylococcal ??-
toxin induces a higher T cell proliferation and
interleukin-31 n atopic dermatitis.
International  Archives of Allergy and
Immunology, 156 (4): 412-415.

Kebaier C, Chamberland RR, Allen IC, Gao X,
Broglie PM, Hall JD, et al (2012)
Staphylococcus aureus a-hemolysin mediates
virulence in a murine model of severe
pneumonia through activation of the NLRP3
inflammasome. Journal of Infectious Diseases,
205 (5): 807-817.

Martinon F, Mayor A, Tschopp J (2009) The
inflammasomes: guardians of the body. Annual
Review of Immunology, 27: 229-265.

Greaney Ad, Leppla SH, Moayeri M (2015)
Bacterial exotoxins and the inflammasome.
Frontiers in Immunology, 6: 570.

Queen J, Agarwal S, Dolores JS, Stehlik C,
Satchell KJF  (2015) Mechanisms  of
inflammasome activation by Vibrio cholerae
secreted toxins vary with strain biotype.
Infection and Immunity, 83 (6): 2496-2506.

Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J,
et al (2018) Inflammatory responses and
inflammation-associated diseases in organs.
Oncotarget, 9 (6): 7204.

Treiner E, Lantz O (2006) CD1ld-and MRI1-
restricted invariant T cells: of mice and men.
Current Opinion in Immunology, 18 (5): 519-
526.

Weinberger B, Herndler-Brandstetter D,
Schwanninger A, Weiskopf D, Grubeck-
Loebenstein B (2008) Biology of immune
responses to vaccines in elderly persons.
Clinical Infectious Diseases, 46 (7): 1078-1084.

717



