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ABSTRACT

Background: In earlier studies, Leishmania tarentolae is known as an expression system due to its post-
translational modification. SAG1 and Cycl8 proteins of 7. gondii was evaluated for protection against
toxoplasmosis. A surface glycoprotein of 7. gondii, is a promoter of the immune response and previously studied
for vaccine development during the infection. Cycl8 induces IL-12, which can drive Thl and CD8+ T cell
development when bound to CCRS5, it rolled to adjuvant the immune response of 7. gondii surface protein.
Objectives: This study was performed to evaluate the efficiency of SAG1 (Surface Antigen 1) and TgCycl8
(Cyclophilin 18) considered a a CCRS chemochine for Toxoplasma gondii vaccine when expressed in L. tarentolae.
Methods: SAG1 and TgCycl8 genes were cloned and transfected into L. tarentolae. Protein expression and
secretion were effectively validated by PCR, immunoblotting, enzyme activity, ELISA, and immunofluor. And
features of SAG1 were evaluated mass spectrometry.

Results: Successful transfection of SAG1 and TgCyc18 plasmids and transfected into Leishmania tarentolae, and
was confirmed by two steps of PCR. Current study verified that the culture supernatant included positive expression
and secretion of the 7. gondii protein (SAGI) into the media, indicated by acid phosphatase assay. The
characteristics of the SAG1 protein were established using immunofluorescence, immunoblot, ELISA, and mass
spectrometry.

Conclusion: This study confirms that L. tarentolae effectively can produces and secretes recombinant 7.
gondii proteins (SAG1 and TgCyc18), offering a potential platform for vaccine development against toxoplasmosis.
Keywords: Expression system, Leishmania tarentolae, proteins of Toxoplasma gondii, SAG1, Cyclophilin 18.
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INTRODUCTION

In this study, we hypothesize that Leishmania
tarentolae is a eukaryotic system for protein
expression as its nonpathogenic protozoan
parasite [1]. L. tarentolae can express the
filamentous protein using its efficient gene
expression system and in vitro translation
reactions as molecular machinery was
approached by applying its promastigotes [2].
Using L. tarentolae would enable precise
eukaryotic post-translational modifications
(PTMs) that the bacterial system failed to
perform. Additionally, other mammalian cells
are known to be costly and complex.
Therefore, L. tarentolae offers an alternative
for expressing glycoprotein proteins in its
applications in antibody production. [2].Even
so, using the amastigotes stage of this parasite
requires various culture environments for
cultivation [3]. Previously, L. tarentolae
promastigotes had the potential to express the
filamentous protein for immunological and
therapeutic studies. [4, 5]. L. mexicana is a
pathogenic Leishmania, which is responsible
for cutaneous or visceral disease worldwide
[6]. This parasite can be an efficient gene

expression system in vitro translation
reactions[7]. The live vector of L. mexicana
promastigote secretes a

phosphomonoesterase protein in filamentous
form, previously used to carry a ( SAGI) [8].
Therefore, one copy gene Imsap 1 encoded for
a short filamentous protein of acid
phosphatases with the characteristic traits of
serine/threonine-rich regions of 32 amino
acids long[9], which is activated by enzymes
which compiled to form the secreted acid
phosphatase filaments (SAP1) [10-12].
Toxoplasma gondii’s surface proteins, SAG1
and Cycl8, are crucial for adherence and host
cell invasion [13, 14]. Due to SAGI being
critical for the immune system’s reaction
during the earlier phases of infection,
affecting together the cellular and humoral
immune responses, previous research has
concentrated on it concerning vaccination
[15, 16]. The chemokine mimic 7. gondii
Cyclophilin 18 (Cycl8) interacts with the

cysteine-cysteine chemokine receptor 5 that is
found on the dendritic and macrophage
surfaces. [17]. Subsequently, these cells
induce IL-12 production, creating an
immunological response. [18]. Thus, the
objective of this work is to create constructs
of the filamentous protein-derived L.
mexicana for the expression of 7. gondii
(SAG1 and Cycl8) in the system of L.
tarentolae for vaccination purposes. [19].
Subsequently, the SAG1 protein was purified
using varying ammonium sulfate
concentrations to engage the filamentous
complex.

MATERIALS AND METHODS

Preparation of Plasmid Constructs for
transfection into Leishmania tarentolae
promastigotes:

In the present study, the expression pLEXSY-
ble2.1plasmid (Jena Bioscience) was used.
The cloning site of this plasmid was
constructed to express the secreted acid
phosphatase 1 (SAP1) protein, resulting in a
fusion of the concerned proteins, which
includes 7. gondii (SAG1) and (Cycl8). The
entire DNA construct is meant to be integrated
into L. tarentolae’s (SSU) RNA locus. The
plasmids pLPhSAP1sCycl8 and
pLPhSAP1sSAGI were produced by two
cloning processes. Hence, the plasmids were
separated, and the sample was cleaved using
Ncol, Swal, and Hindlll + BamHI,
respectively. Electroporation was utilized to
transfect 100 pul of DNA into L. tarentolae cell
using Nucleofectorll (Amaxa Biosystems,
Lonza, Germany). After harvesting the cells
at 3x107 cells/ml density, the samples were
centrifuged at 5,600 x g/ 2 min. After being
electroporated, The diluted cells at 1:2 and
1:40 and added to 96-well plates along with
40 uM Puromycin. Later, for a period of 10-
14 days, the plates were incubated at 27°C or
till cloudy wells showed signs of the
recombinant parasite growth. After that, 40 ul
of positive clones were inoculated into 10 ml
of SDM79 media supplemented by
phleomycin (40 pg/ml). These clones were
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then cultured at 27°C for 96 hours till they
reached the late log. Phase. The protein
production was implied using a modified
method designated by [20]. One liter of
culture was incubated at 27°C using a shaking
incubator to increase the protein amount.
When parasites achieved the log phase 1 x 107
cells/ml, it centrifugated at 2,500 xg, 4°C, 15
mins, and then the supernatant was harvested
for further procedures.

PCR technique for genomic
separation of L. tarentolae :

PCR was carried out in two stages
following genomic DNA extraction from
recombinant cells using the “isolate II
genomic DNA kit from Bioline, UK.” of
forwards LeishSSU for
(5’-GATCTGGTTGATTCTGCCAGTAG-3’)
and SAP2mod2C.for2

(5>~  AGCGACGTCCCTTCCTTCAA-3’)
employed. Reverse primer sequences were
pLexyupl.rev
(5’-CCTACGTCAATCGCAGACCT-3);
SAGI-2 reverse
(5’-CCACTACTGCAGCGGCACGA-3’)
and Cycl18.rev

(5’- CTGGTGGTTCTCGAAGTCGC-3).
Using a PE thermocycler, the reaction mixture
was performed using the 25 pl PCR tube.
Acid Phosphatase Secretion Test :

Protein expression in Leishmania cloned
supernatants was detected using an acid
phosphatase test. The supernatants were made
from 25ul of culture at the late log. phase by
centerfugation at 5600 x g, 4°C, for 2 minutes.
A 96-well plate held 100 pl of total volume
per well, of which 20 pl was the media sample
and 70 pl contained 50mM p-nitrophenyl
phosphate in 100mM sodium acetate pH 5.
For thirty minutes, the experiment was raised
at 37°C. This response was stopped by adding
10ul of 2M sodium hydroxide 69 solutions,
and a noticeable color shift (pink, no activity;
yellow, positive reaction) occurred. A
spectrophotometer (Spectramax M5,
Molecular Devices, USA) was used at 405nm
to quantify absorbance readings.

DNA

Precipitation of Ammonium Sulfate (AS):
The purification of proteins was achieved in
line with the methods reported by [21] By
adding the ammonium sulfate. Supernatants
were extracted from parasite cultures.
Centrifugation was used to extract
Leishmania cultures, with a 2,500 xg
setting,20 minutes, (at 4°C). The supernatant
then was mixed with solid ammonium sulfate
to achieve 20%, 30%, 40%, 50%, and 60%
saturation. Precipitation was permitted to
occur for sixty minutes. Standard buffers
could be used to solubilize the pelleted protein
easily.

Immunoblot Analysis:

A Western blot analysis evaluated the amount
of SAGI and Cycl8 produced by L.
tarentolae clones. The Biometra (DAKO,
Hamburg, Germany) device was used to
transfer recombinant proteins from a 10%
SDS-gel to a PVDF membrane at a rate of 4
mA/cm2 for a duration of 90 minutes. The
PVDF membrane was stimulated by 100%
methanol before transferring, and it was then
immersed in the transfer buffer for five
minutes. Then, the membrane was incubated
in (5%) milk in PBST (1 hour at 37°C).
Afterward, the PVDF was incubated with
monoclonal antibody LT8.2 (1:2,000) or anti-
His antibody (1:5,000) in a blocking buffer at
37°C for an hour while gently stirring. The
membrane was washed four times for five
minutes at room temperature using 1 x PBST.
The blocking solution was added with 1gG
HRP-conjugated (goat anti-mouse) of
1:2,000-1:5,000 dose (DAKO, Hamburg,
Germany), and it was incubated at 37°C for an
hour. As before, three washing steps were
completed. The Super Signal West Pico
Chemiluminescent Kit (Fischer Scientific,
UK) exposed the immunoblot to X-ray films
containing solutions for five minutes.
Imaging using Fluorescence Microscopy.
After fixing recombinant cells on a 10-well
slide, each well was washed with 50ul of 70%
ethanol and 20pul of 0.1mg/ml polylysine in
1x PBS and allowed for settling for a period
of 15 minutes. Next, 50ul of 1xPBS solution
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was used to wash each well twice. After fixing
20 pl of culture supernatant with 20ul of 4%
p-formaldehyde, and was kept for 15 minutes
at room temp. Every well underwent a
washing phase using 50 ul of washing buffer
(1x PBS solution, 50 mM NH4CI, 0.1%
Saponin). Each well received 50ul of
blocking buffer, and kept at room temp. For
15 minutes. After using 20 ul of blocking
buffer containing primary Ab mAb LT8.2
(diluted 1:40), the slide was incubated for one
hour at room temperature. This was followed
by two washing procedures using the same
method. After adding 20 pl of secondary
antibody (1:500 of goat anti-mouse IgG-
conjugated fluorescent) to the blocking
buffer, it was incubated for an hour at room
temperature and washed thrice. After
applying 10ul of Mowiol/DABCO solution, it
was covered with a coverslip and until dry at
room temp. The fluorescence was detected by
magnification of 60x of epifluorescence
microscope.

Enzyme-Linked Immunosorbent Assay
(ELISA):

The humoral response was reviewed with
[23], while ELISA measured IgG1 and IgG2a
antibody titers. The TLA protein was coated
with a concentration of 5Spg/ml of 50 mM
sodium carbonate buffer, pH 9, all night in
each well of an ELISA plate. Three rounds of
PBS washings with 0.05% Tween 20 were
performed on the plates. Following 200
ul/well blocking with 5% BSA in PBS for a
period of 1 hour, the plates were incubated at

—
—— .
S—
E— =4
———
S
S —

37 °C. 100 pl of serially diluted serum was
added to each well in blocking buffer. After
one hour of incubation at 37 °C, the plates
were rinsed thrice using 0.05% Tween-20 in
PBS 0.01M. Using dilution at 1:5,000 in
blocking buffer, goat anti-mouse IgG' and
IgG* (polyclonal) conjugated with (HRP)
(Invitrogen, USA) applied at 100ul to detect
antibodies after incubation for 1 hour. 100ul
of substrate of sodium acetate pH 5.5, 100 pl
of (TMB), and 5ul H202 were implied. To
stop the reaction, 50ul of H2SO4 was added
to each well while the plate was read using a
Spectramax spectrophotometer (BioTek, E-
800, USA) at 450 nm.

RESULTS
PCR Results for Detection and
Confirmation of the correct DNA

constructs integration into L. tarentolae
SSU Locus:

To verify that the matching constructs were
appropriately inserted into the 18S rRNA
gene locus, PCR was performed (Figure 1).
The integration of accurate size of SAG1 and
Cyc18 constructions and predicted fragment
size were represented in the schematic figure
in (appendix 1). The PCR results displayed no
band for L. tarentolae wild type and an 862 bp
amplicon was indicated of SAGI and Cycl8
integration to L. tarentolae locus ofribosomal.
The PCR reaction’s 628 bp and 333 bp
fragments demonstrated that the filamentous
SAPI1 phosphatase () had correctly fused to
SAGI1 and Cyc18 (Figure 1).
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Fig-1: Confirmation using PCR fragments was correctly integrated into the rRNA gene
locus. (4) SAGI and Cycl8 constructs are integrated into L. tarentolae. Lane 1, L. tarentolae
WT; lanes 2 and 3, L. tarentolae clones (size 862 bp). (B) The SAPISAGI fusion. Lane I, L.
tarentolae WT; lane 2, L. tarentolae with integrated SAG1 (size 628 bp). (C) The SAP1 Cycl8
fusion. Lane 1, L. tarentolae WT; lane 2, L. tarentolae with integrated Cycl8 (size 333 bp). Mr

is 1kb and 100 bp ladder.

Evaluation of Phosphatase Enzyme in
Supernatants of L. tarentolae culture:

The enzyme of Secreted acid phosphatase
(SAP1) function as part of recombinant
proteins expressed in the culture was
determined in dilutions of the supernatants.
By measuring the absorbance at 405nm, p-
nitrophenyl phosphate was utilized to assess
the enzyme activity as a substrate in the
testers. The culture of wild L. mexicana
supernatant was a positive sample., whereas

the wild type of L. tarentolae was negative.
(D9, F7, D11, DS5) clones of L. tarentolae
electroporated with the SAP1SAGI, and two
clones (Al1l, D5) of SAP1Cycl8constructed
are shown a notable enzyme activity in the
10% of iFCS supplemented SDM79 media.
(Figure 2 A). After reducing the supplied
iFCS to 2%, only SAPISAGI1 (D9) and
SAP1Cycl18 (All) showed enzyme function.
These activities were higher than those of L.
mexicana wild type (Figure 2 B).

A 10% iFCS

4

Neend dsabacea 46mt SE

P<0.0001

Clones cultured in supplemented SDM79 media

B
= 10%IFCS
31 g3 2%iFCS

P<0.0001

Absorbance at 405 nm+SE

6‘8 evg
Clones cultured in supplemented SDM79 media

Fig-2: Activity of (SAP) in L.tarentolae promastigotes'. (4) SAPISAGI and SAPICycl8 in
10% of iFCS supplement. (B) SAP1SAGI and SAPI1Cycl8 in 2% iFCS.
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Protein purification ofSAPISAG1 by
Ammonium Sulfate Precipitation (AS):

Ammonium sulfate (AS) salt was precipitated
to purify the fusion protein t. Enzymatic
activity was performed from serial
ammonium sulfate precipitation with AS from
culture  supernatants. Partially refined
SAPISAGI showed high enzyme function at

60% saturation (Figure 3 A). The average of
SAPISAGI protein was presented in Figure 3
B at 60% AS precipitation. A 64 kDa band
confirmed the presence of BSA protein
obtained from 40-60% AS enrichment from
the culture of L. tarentolae wild type.
Meanwhile, the band around 82 kDa at 60%
of AS enrichment from recombinant cells
confirms the presence of SAPISAG] protein.

Ty e T

serial ammonium sulfate precipitation from supplemented
SDM79 media

A
4+ E3 pellet
E= supernatant
£
g 3
<
®
g 21
C
3
g 1
<
0-
o\e o\e o\o
D NP
B
SAP1SAG1
40% 50% 60%

70%

Fig-3: Ammonium sulfate enrichment of SAPISAGI1. (A) SAP activity in ammonium
sulfate precipitation. (B) Coomassie-stained 10% SDS-PAGE of L. tarentolae. An 82 kDa
band represents the SAPISAGI; the 64 kDa band is BSA.

Confirmation of SAPI1SAG1 Fusion
Protein by Using Immunoblot Analysis:

A strong band around 82 kDa presented on
SDS-PAGE equivalent to the molecular size
of SAPISAGI purified with 60% AS

precipitation. Similarly, the same band
showed 20%,30%, and 40% of AS
saturations. It disappeared at 50% of AS
enrichment (Figure 4 A). Anti-hexahistidine-
tag antibody was used in Immunoblot analysis
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and found that the clones of precipitated cells
of AS (20-70%) enrichments presented bands
sized 82 kDa which conformed to the
SAP1SAGI (Figure 4 B). The full-length of
SAPISAGI] protein was identified by
hexahistidine situated at the C-terminal and

Mr 20% 30% 40% 50% 60%

Mr 20% 30%

that identification was repeated to detect the
fluorescence signal of the same size by
infrared immunoblot (LI-COR) It detected a
(Figure 4 C). Since the wild type of L.
tarentolae showed no signal against an anti-
His antibody for comparison.

Mr 20% 30% 40% 50% 60%

115—
-

64—

48—

40% 50% 60% 70% LtWT

Fig-4: Anti-His-tag immunoblot expressing SAP1ISAG1 obtained from supernatants
afterward disparity AS precipitation. (4) Coomassie-stained 10% SDS-PAGE SAP1SAG: A
band refers to SAPISAG1 after 60% AS precipitation. (B) Immunoblot analysis: Strong bands
are visible for 20% and 60% AS of SAP1SAGI. (C) Infrared immunoblot: The fluorescence
signal confirms the SAPISAGI of 60% AS saturation; lane 7, no reaction of L. tarentolae WT.

ELISA Analysis:

An ELISA test was performed to corroborate
further the refinement of  the
SAPISAGI(recombinant protein) with 60%
ammonium sulfate precipitation. Following
the SAPISAGI protein coating of the ELISA
plate it was subjected to both LT8.2 and anti-

SAGI antibodies. When the serial dilutions
were reduced, the results for LT.8.2 revealed
robust reactivity for the full protein at 60% AS
enrichment at high dilution (Figure 5 A). The
same result was shown with a particular anti-
SAGI1 antibody for the SAPISAGI1 protein
(Figure 5 B).
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A

Absorbance at 450 nm

P<0.001

Absorbance at 450 nm

LT 8.2

anti-SAG1
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AN N NS W D V D
N N8 &N

Fig-5: ELIZA of LT8.2 and anti-SAG1 antibodies are shown to recognize the recombinant
SAP1SAG1 protein produced by 60% ammonium sulfate enrichment. 7he SAPISAGI
protein was applied to plates, and the LT8.2 and anti-SAG reactivity was evaluated. (4) It
shows that SAPISAGI is recognized by mAb LTS8.2 at serial dilutions. (B) It shows that
SAP1SAGI is recognized by anti-SAG1 at serial dilutions.

Immunofluorescence Analysis:

Recombinant SAP1SAGI protein expression
and secretion in culture supernatants by L.
tarentolae clones were directly observed
using immunofluorescence analysis at 1-2 x
107 cells/ml density. Since the monoclonal
Antibody of LT8.2 epitope is present in the
recombinant protein and phosphatase enzyme
(SAP1) of L. mexicana, it can be utilized the
protein in the supernatant of the medium.
Bright-field images visualized Leishmania.
The wild type of L. tarentolae exhibits no
fluorescence staining (negative control). The
presence of secreted acid phosphatase
filaments was shown by brilliant green
structures in the supernatant of the wild-type

L. mexicana (positive control). Strong green
structures, even more, brilliant than those
observed in the wild type of L. mexicana,
were observed in the supernatant of L.
tarentolae  SAP1SAG1 recombinant cells
(Figure 6 E and F). The filamentous protein
released from a promastigote cell’s flagellar
compartment is seen in Figure 6 G. A
concentrated  solution of SAPISAGI
molecules was observed in the SAP1SAGI
recombinant protein purified using 60% AS
precipitation, as indicated by increasing
fluorescent filaments (Figure 6H).
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Fig-6: Immunofluorescence of Leishmania with mAb LT8.2. (A) L. mexicana WT bright
field; (B) L. mexicana WT FITC (positive control); (C) L. tarentolae WT bright field,; (D) L.
tarentolae WT FITC (negative control); (E) L. tarentolae expressing SAP1SAGI bright field;
(F) L. tarentolae expressing SAPISAGI FITC; (G) L. tarentolae expressing SAPISAGI
showing the filamentous protein secreted from the flagellar pocket;, (H) SAPISAGI of 60% AS
precipitation. Bar size, 10 um.
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Mass Spectrometry (MS) Analysis:

Mass spectrometry was used to verify the
identity of a dyed with coomassie blue band
that was sliced from SDS-PAGE of 60% AS
enrichment lane of cell clones that expressed
SAPISAGI recombinant protein (Glasgow
Polyomics Facility, University of Glasgow).
User protein sequences were compared to
data using Batch-TagWeb
(http://msviewer.ucsf.edu/prospector/mshom

e.htm) blasted with protein sequences. Mass
spectrometry-detected aminoacid sequences
verified that the isolated protein is
SAP1ISAGI. Nine peptides corresponding to
the sequential amino acids of the acid-
phosphatase portion and one peptide
corresponding to SAGI1(Figure 7) were
among the sequences highlighted in red to
show the similarity between the sequences in
the table.

Protein MW: 82439.3 Protein pl: 6.5 Protein Length: 763 Index: 1

1 HASRLVRVLA AAMLVAAVS VDARFVRHY QWWHRHGARS ALIDDNTTEL CGTLYPCGEL TGEGVENVRA IGEFARSRYN
81 NLSLVESPLF PSTRYNSSVY HTRSTHTQRT IQSATAFLRG LFQDDYFYPV WYSTIRTTET LLSTOAVPSY VGRSHLDIPA
161 LHAALNPVID EHLSHDATOS AAKDAUVEGL CADYNARTNC VLONYDVAAA FEARGRLONA THLKAVYPGL QEVNARHFKY
241 VFSHNHTSKL DLTQGSASQN LAGTVLANIN AHRLSPSYNI FQYSAHDTTY TPLAVTFGDQ GETTHRPPFA VTIFVELLGD
321 TADASGHYVR LIRGNPVKAA DGTYVFQESG IKAYCIDEAG NKYLAKTGIC PLNSFRRHVD YSRPAVADGH CAHTQTQYSH
101 MDCPRTTADN KPYPSRCHLY RHVCPSKACP DSYILSAVDH QCYPGPOVTH PTSSSSSEGT TTSSS5555K STSSSDUPSF
181 KKPANNSPRY GSENLYFQSR PLVANQWTC POKKSTAAVE LTPTENHFTL KCPKTALTEP PTLAYSPNRH ICPAGTTSSC
561 TSKAVTLSSL TPEAEDSIMT GDSASLOTAG TKLTVPTEKF PVTTQTFVVG CIKGODAQSC HVTVIVOARA SSMAVARC
641 SYGANSTLGP VKLSAEGPTT HTLVCGKDGV KVPQDNNHYC SGTTLTGCNE KSFKDILPKL SENPHOGNAS SONGATLTTN
721 KEAFPAESKS VITGCTGGSP EKHHCTVOLE FAGPRGGHHH HHH

Fig- 7: Mass spectrometry analysis of SAP1SAG] fusion protein.

DISCUSSION

This work aimed to create two plasmids that
had the coding sequence of the L. mexicana
protein of secreted acid phosphate that fused
to T. gondii SAG1 or Cycl8 as a vaccine
candidate for toxoplasmosis. This secretory
protein of SAP1 is produced from the flagella
of L. mexicana promastigotes [24]. With its
N-terminal phosphatase domain [25], SAPI
served as a transporter of both 7. gondii
proteins(SAG1 and Cycl8), which were
generated at C-terminal constructs. As a
result, L. tarentolae 1is employed in
synthesizing recombinant proteins and
heterologous gene expression [26, 27]. In this
work, the recombinant proteins SAPISAGI1
and SAP1Cycl8 were secreted to medium
supernatants using the L. tarentolae system

[28]. were Successful cloned cells of L.
tarentolae promastigotes with
pLPhSAPIsSAGI and pLPhSAP1sCycl8 by
electroporation [29]. Phleomycin protein was
utilized to produce stable plus long-lasting
transfections, making these secretory proteins
easily produced [30, 31]. High and steady
growth rates can be achieved when cultivating
L. tarentolae cell lines [32]. Cloned cells were
cultured to a density of 1x10® parasites/ml
afterward incubation of 4-5 days [20]. The
integration of the delivery gene cassette of L.
tarentolae by homologous recombination was
diagnosed by two PCR steps [33]. The proper
transformation of the expression constructs in
the locus of the short 18S subunit (SSU)
rRNA of L. tarentolae is shown in the first
phase of the PCR. To demonstrate the fusion
of SAP1 to SAGI or Cycl8, a second PCR
was necessary. For the clones that were
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examined, both PCR results were positive,
confirming that the entire expression
construct was present in the correct
chromosomal region [34]. It is significant to
remember that RNA polymerase I regulates
transcription, allowing for  high-level
transcription [35, 36]. Using phosphatase
activity in culture supernatants to detect the
gene transcription in L. tarentolae cloned
cells of recombinant SAPISAG1 and
SAP1Cycl8 proteins was ascertained [37,
38]. Santignific enzyme level was obtained
from clone cells of SAPISAGI expressed
protein and a lower signal was obtained from
cloned L. tarentolae electroporated s with
SAP1Cyc18 that cultured with 10% iFCS of
supplemented media. Following reducing the
outcome of bovine albumin on protein
refinement, the iFCS in the media was
diminished to 2% (v/v). Every electroporoted
L. tarentolae cell expressed SAPISAGI or
SAP1Cycl8 was designated. Then enzyme
function was measured in this culture
supernatant, high enzyme level was found in
cell lines expressing both SAPISAGI and
SAP1Cyc18, more significant than of wild L.
mexicana parasites. The highest levels of
SAP1SAGI expressed cells were elected to
refine the recombinant protein for more
analysis of immunofluorescence and
immunoblotting methods.The fundamental
principle of ammonium sulfate usage is that
the dissolvability of the proteins rises by
consequential addition of this salt more than
<15% meaning salting-in trem. With high
concentrations, the protein dissolvability
usually  declines, resulting in more
solubilization, which is salting out trem. Since
SAPISAGI is a filamentous protein
consisting of subunits that form filaments that
might be purified by using changed
proportions of ammonium sulfate. The
macromolecular complexes fundament by
salting out with more than 20% of AS
saturation [21]. Previous studies used AS
concentrations between 50-77% to precipitate
Interleukin-1B [39]. Similarly, with 40-45%
of AS, IgG has been precipitated from blood
[22]. SAP1SAGI1 was purified from culture

supernatants using a modified approach of
gradual additive of AS salt ranging 20-70%
(v/v) precipitation in this work. Cloned L.
tarentolae cells were cultured in SDM79
enriched with 2% iFCS phosphatase activity
and then were assessed in precipitants and
supernatants of SAPISAGI protein after
stepwise accumulation of AS. Phosphatase
level in crystallization of 60% AS saturation
of recombinant proteins was observed higher
compared to the positive control of L.
mexicana. The process of  protein
precipitation was also carried out using
culture supernatants of the WT L. tarentolae
cultured under the same circumstances as L.
tarentolae that expressed SAP1SAGI. The
strong protein lane of 82 kDa of L. tarentolae
expressed cells to SAP1SAG]1 supplemented
at 60% AS concentration. The filament of
protein was identified by epifluorescence
microscopy in cloned cells that were cultured
with 60% AS precipitate except in L.
tarentolae  wild  type, according to
immunofluorescence using mAbLTS.2. The
expression of SAPISAG1 was noticed with
mAb LT 8.2 antibody. This finding is
consistent with previous research on SAP
filament secretion in L. mexicana [40]. High
acid phosphatase activity, an appropriately
sized band in western blot investigation, and
filament visualization in immunofluorescence
microscopy are present in the 60% AS
precipitate. By amplifying anti-hexahistidine
antibodies that detect fusion proteins in the C-
terminun end, immunoblot was approved for
the fusion protein. With the western blot,
SAPISAGI was identified in the 60% AS
precipitations based on prominent bands at 82
kDa. According to the anti-hexahistidine
antibody reaction, the whole SAPISAGI
protein was performed and secreted from the
cloned cells of L. tarentolae. Whereas
monomeric protein precipitated with 60% AS,
the multisubunit filamentous form of
SAP1SAGI was precipitated with 20% AS.
An ELISA was carried out to verify that
SAG1 was a component of the fused protein
concentrated in 60% of ammonium sulfate
precipitation since an anti-SAGI antibody
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was available. The mAbLT.8.2 was used in the
ELISA as a control. 60% AS precipitate’s
SAPISAGI immunodominant antigens bind
to anti-SAG1 antibodies with the particular
mAb LT.8.2. The ensuing response resulted in
a measurable signal from the recombinant
protein. The immunofluorescence results
were validated besides immunoblot and mass
spectrometry  analysis.  Using  mass
spectrometry (MS), which is a dominant
method with various submissions in
biochemistry sciences, the sequences of
SAP1SAGI peptides were identified. The
analysis revealed nine SAP1 peptides and one
SAGI peptide [14] (accession code 1KZQ).
By separating molecules, MS determines the
molecular weight of compounds based on
their mass and charge [41].
Since L.tarentolae can be an encouraging
system, further optimization is required to
ensure a large yield of protein productions
without degradation is one of the limitations
of the recombinant proteins. Then preclinical
can undergo to assess the effectiveness and
potential immunity stimulation for human
use.

CONCLUSION

L. tarentolae was electroporated with linear
DNA fragments produced from
pLPhSAPIsSAG1 and pLPhSAPIsCycls,
which had been effectively constructed. PCRs
confirmed that the complete expression
constructs had correctly integrated into the
18S ribosomal small RNA alleles of
L.tarentolae. The effective expression of
SAP1SAGI secretion by L. tarentolae
promastigotes was validated by enzyme
activity, immunoblot, and
immunofluorescence studies. Additionally,
the protein was precipitated at 60%
ammonium sulfate of the culture media. Mass
spectrometry and ELISA analysis verified the
recombinant fusion protein’s presence of
SAGI.

Ethical Considerations:

This study adhered to international and
institutional biosafety standards for working

with recombinant Leishmania tarentolae.
Experiments were conducted under strict
compliance to ensure the safe handling,
storage, and disposal of genetically modified
organisms. The data presented are accurate
and free from manipulation, ensuring research
integrity. Contributions from collaborators
were appropriately acknowledged, reflecting
the collaborative nature of the work. Any
future preclinical applications will strictly
adhere to ethical guidelines, including
obtaining necessary approvals for animal
studies. The authors are committed to
transparency, reproducibility, and responsible
scientific conduct.

Conflict of Interest:

The authors declare that there are no
competing interests.

Funding:

Not received

Acknowledgements:

The authors greatly appreciate the

cooperation of Prof. Craig W. Roberts and Dr.

M. Wiese from Glasgow University, United

Kingdom.

Authors contribution:

All authors contributed equally special thanks

to Dalia Ahmed Khalef.

Consent for publication:

The author would like to do afterward

acceptance.

Data Availability Statement:

The data supporting the findings of this study

are available within the current article.

REFERENCES

1. Klatt S, Simpson L, Maslov DA, et al

Leishmania tarentolae: Taxonomic classification
and its application as a promising

biotechnological expression host. PLoS Negl!
Trop Dis 2019; 13: e0007424.

2. Taylor VM, Muioz DL, Cedefio DL, et al.

Leishmania tarentolae: Utility as an in vitro
model for screening of antileishmanial agents.
Exp Parasitol 2010; 126: 471-475.

3. Li J, Zheng Z-W, Natarajan G, et al. The first

successful report of the in vitro life cycle of
Chinese Leishmania: the in vitro conversion of
Leishmania amastigotes has been raised to 94%
by testing 216 culture medium compounds. Acta
Parasitol 2017; 62: 154—-163.

Page 52 of 54


https://dmlsjournal.com/index.php/January2024/issue/view/December-2024

Vol. 1 No. 10 (2024): DEVELOPMENTAL MEDICO-LIFE-SCIENCES

Dalia Ahmed Kalef et al.

4. Grebowski J, Studzian M, Bartosz G, et al.
Leishmania tarentolae as a host for heterologous
expression of functional human ABCB6
transporter. Biochim Biophys Acta - Biomembr
2016; 1858: 2617-2624.

5. AkramJ, Mojgan B, Bahram K, et al. Compound
serum and hemin free medium for cultivation of
Leishmania tarentolae: A recombinant protein
expression system. African J Biotechnol 2015;
14: 2130-2134.

6. Burza S, Croft SL, Boelaert M. Leishmaniasis.
Lancet 2018; 392: 951-970.

7. Bolhassani A, Shirbaghaee Z, Agi E, et al. VLP
production in Leishmania tarentolae: a novel
expression system for purification and assembly
of HPV16 L1. Protein Expr Purif 2015; 116: 7—
11.

8. Kalef DA. Leishmania mexicana recombinant
filamentous acid phosphatase as a carrier for
Toxoplasma gondii surface antigen 1 expression
in Leishmania tarentolae. J Parasit Dis 2021;
45:1135-1144.

9. Hunter DJB, Bhumkar A, Giles N, et al.
Unexpected instabilities explain batch-to-batch
variability in cell-free protein expression
systems. Biotechnol Bioeng 2018; 115: 1904—
1914.

10.Wiese M, Gorcke I, Overath P. Expression and
species-specific glycosylation of Leishmania
mexicana secreted acid phosphatase in
Leishmania major. Mol Biochem Parasitol
1999; 102: 325-329.

11.1lg T, Stierhof YD, Craik D, et al. Purification
and structural characterization of a filamentous,
mucin-like proteophosphoglycan secreted by
Leishmania parasites. J Biol Chem 1996; 271:
21583-21596.

12.Stierhof Y-D, Wiese M, llg T, et al. Structure of
a filamentous phosphoglycoprotein polymer: the
secreted acid phosphatase of Leishmania
mexicanal1Edited by W. Baumeister. J Mol Biol
1998; 282: 137-148.

13.Lekutis C, Ferguson DJP, Grigg ME, et al.
Surface antigens of Toxoplasma gondii:
variations on a theme. Int J Parasitol 2001; 31:
1285-1292.

14.He X, Grigg ME, Boothroyd JC, et al. Structure
of the immunodominant surface antigen from
the Toxoplasma gondii SRS superfamily. Nat
Struct Biol 2002; 9: 606—11.

15.Wang Y, Yin H. Research progress on surface
antigen 1 (SAG1) of Toxoplasma gondii. Parasit
Vectors 2014; 7: 180.

16.Abdizadeh R, Maraghi S, Ghadiri AA, et al.
Cloning and expression of major surface antigen
1 gene of Toxoplasma gondii RH strain using the
expression vector pVAX1 in Chinese Hamster
Ovary cells. Jundishapur J Microbiol 2015; 8:
1-10.

17.Ibrahim HM, Nishimura M, Tanaka S, et al.
Overproduction of  Toxoplasma  gondii
cyclophilin-18 regulates host cell migration and
enhances parasite dissemination in a CCRS5-
independent manner. BMC Microbiol 2014; 14:
76.

18.Fachado A, Rodriguez A, Molina J, et al. Long-
term protective immune response elicited by
vaccination with an expression genomic library
of Toxoplasma gondii. Infect Immun 2003; 71:
5407-5411.

19.Badirzadeh A, Montakhab-Yeganech H,
Miandoabi T. Arginase/nitric oxide
modifications using live non-pathogenic

Leishmania tarentolae as an effective delivery
system inside the mammalian macrophages. J
Parasit Dis 2021; 45: 65-71.

20.Fritsche C, Sitz M, Weiland N, et al
Characterization of the growth behavior of
Leishmania tarentolae - A new expression
system for recombinant proteins. J Basic
Microbiol 2007; 47: 384-393.

21.Wingfield PT. Protein Precipitation Using
Ammonium Sulfate. Curr Protoc Protein Sci
2016; 1-10.

22.Wingfield P. Protein precipitation using
ammonium sulfate. Curr Protoc Protein Sci
2001; Appendix 3: Appendix 3F.

23.Aydin S. A short history, principles, and types of
ELISA, and our laboratory experience with
peptide/protein analyses using ELISA. Peptides
2015; 72: 4-15.

24 Efstathiou A, Smirlis D. Leishmania Protein
Kinases: Important Regulators of the Parasite
Life Cycle and Molecular Targets for Treating
Leishmaniasis. Microorganisms; 9. Epub ahead
of print 2021. DOI:
10.3390/microorganisms9040691.

25.Shakarian AM, Joshi MB, Ghedin E, et al.
Molecular dissection of the functional domains
of a unique, tartrate-resistant, surface membrane
acid phosphatase in the primitive human
pathogen Leishmania donovani. J Biol Chem
2002; 277: 17994-18001.

26.Lai JY, Klatt S, Lim TS. Potential application of
Leishmania tarentolae as an alternative platform
for antibody expression. Crit Rev Biotechnol

Page 53 of 54


https://dmlsjournal.com/index.php/January2024/issue/view/December-2024

Vol. 1 No. 10 (2024): DEVELOPMENTAL MEDICO-LIFE-SCIENCES

Dalia Ahmed Kalef et al.

2019; 39: 380-394.

27.Raymond F de’ ric, Boisvert S bastien, Roy G
tan, et al. Genome sequencing of the lizard
parasite Leishmania tarentolae reveals the loss
of genes associated with the intracellular stage
of human pathogenic species. 2012; 40: 1131—
1147.

28.Cantacessi C, Dantas-Torres F, Nolan MJ, et al.
The past, present, and future of Leishmania
genomics and transcriptomics. Trends Parasitol
2015; 31: 100-108.

29.Gehl J. Electroporation: theory and methods,
perspectives for drug delivery, gene therapy and
research. Acta Physiol Scand 2003; 177: 437—
447.

30.de Oliveira TA, da Silva W, da Rocha Torres N,
et al. Application of the LEXSY Leishmania
tarentolae system as a recombinant protein
expression platform: A review. Process Biochem
2019; 87: 164-173.

31.Sanchez-Garcia L, Martin L, Mangues R, et al.
Recombinant pharmaceuticals from microbial
cells: a 2015 update. Microb Cell Fact 2016; 15:
33.

32.Hartmann MWW, Breitling R. Suspension
Culture of Protozoan Organisms. In: Industrial
Scale Suspension Culture of Living Cells. John
Wiley & Sons, Ltd, pp. 294-347.

33.Kianmehr A, Mahrooz A, Oladnabi M, et al.
Purification and Characterization of
Recombinant ~ Darbepoetin ~ Alfa  from
Leishmania tarentolaec. Mol Biotechnol 2016;
58: 566-572.

34.Basile G, Peticca M. Recombinant Protein

Expression in Leishmania tarentolae. Mol
Biotechnol 2009; 43: 273-278.
35.Clayton CE. Genetic Manipulation of

Kinetoplastida. Parasitol Today 1999; 15: 372—
378.

36.Teixeira SM. Control of gene expression in
Trypanosomatidae. Braz J Med Biol Res 1998;
31: 1503-16.

37.Garg G, Singh K, Ali V. Proteomic approaches
to unravel the intricacy of secreted proteins of
Leishmania: an updated review. Biochim
Biophys Acta (BBA)-Proteins Proteomics 2018;
1866: 913-923.

38.Dorsey BM, Cass CL, Cedefio DL, et al. Effects
of Specific Electric Field Stimulation on the
Release and Activity of Secreted Acid
Phosphatases from Leishmania tarentolac and
Implications for Therapy. Pathogens; 7. Epub
ahead of print 2018. DOI:
10.3390/pathogens7040077.

39.Koteshwara A, Philip N V, Aranjani JM, et al. A
set of simple methods for detection and
extraction of laminarinase. Sci Rep 2021; 11:
2489.

40.Halliday C. The role of the flagellum attachment
zone in Leishmania mexicana flagellar pocket
architecture. Oxford Brookes University, 2021.

41.Nakayasu ES, Gritsenko M, Piehowski PD, et al.
Tutorial: Best practices and considerations for
mass-spectrometry-based protein biomarker
discovery and validation. Nat Protoc 2021; 16:
3737-3760.

This Article May be cited As: Kalef DA, Arshad HM, Chaudhry AK. Leishmania tarentolae Cell-Free System for
Filamentous Protein Expression: Recombinant Protein Expression Using L. tarentolae. DEVELOPMENTAL
MEDICO-LIFE-SCIENCES. 2024,1(10): 41-54.doi: 10.69750/dmls.01.010.079

Publisher’s Note:

Developmental Medico-Life-Sciences remains
neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

DMLS
Publistien

Developmental Medico-Life-Sclences
Research and Publications Pvt Ltd.

Page 54 of 54


https://dmlsjournal.com/index.php/January2024/issue/view/December-2024

