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ABSTRACT
Introduction: Leptospirosis, an infectious disease that can spread from animals to humans, re-
quires the development of a safe and effective vaccine. The immunogenic characteristics of LipL41,
a conserved outer membrane protein of Leptospira, have been identified as a promising vaccine
candidate. In this study, a recombinant DNA construct, pTR-EGFP-LipL41, incorporating the LipL41
gene and hGMCSF adjuvant in the pTR600 vector with a cytomegalovirus (CMV) promoter, was
designed and evaluated. Methods: The Chinese hamster ovary (CHO) cell line was transfected
with pTR-EGFP-LipL41 and pTR-EGFP-hGMCSF-LipL41 using Lipofectamine 2000, and fluorescence
microscopy analyzed their expression. Results: The expression analysis demonstrated successful
expression of pTR-EGFP-LipL41 and pTR-EGFP-hGMCSF-LipL41 in CHO cells. In vitro analysis of cell
lines further assessed the expression of chemokines and cytokines, and molecular docking analy-
ses were conducted to investigate interactions between various adjuvants (hGMCSF, hIgGFc, and
hC3d) and LipL41. Docking studies uncovered key interactions between LipL41 and other adju-
vants. The constructed recombinant DNA and molecular adjuvants exhibited a robust immuno-
genic response. Conclusion: Further evaluation in suitable animal models may establish its effec-
tiveness as a productive and safe immunogenic molecule against leptospiral infection.
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INTRODUCTION
Leptospirosis is a significant zoonotic disease caused
by obligate pathogenic organisms known as gram-
negative spirillates belonging to Leptospira1,2. The
disease is an important worldwide health issue, par-
ticularly in tropical and subtropical regions, and is ex-
pected to result in over 59,000 deaths annually 3. The
Leptospira bacteria have numerous species, with over
300 serovars within 64 species4. This complexity has
been identified as a significant challenge in combat-
ing this pathogen5. This disease is typically spread
through direct contact with the tissues, urine, or other
bodily fluids of infected hosts6. It can also be trans-
mitted indirectly through contact with objects that
have come into contact with infected rodents, which
are the primary carriers of the bacterium. The clini-
cal symptoms of this condition can range from mild,
such as headaches, muscle pain, and fever, to severe,
such as jaundice, kidney dysfunction, lung bleeding,
and failure of several organs7. Therefore, it is crucial
to diagnose and prevent the disease early.
Nevertheless, leptospirosis continues to be a
widespread disease, and the existing vaccines are
limited in terms of their accessibility. Additional
doses are typically required, and the vaccines only

target a small number of specific serovars to offer
cross-protective protection8. The current Leptospira
vaccines usually consist of whole-killed bacteria or
outermembrane proteins (OMPs)9. The proliferation
of numerous and varied Leptospira serovars presents
difficulty in developing a vaccine that effectively
covers all the serovars. The outer membrane proteins
(OMPs), including LipL32, LipL41, and OmpL1, play
a crucial role in the bacteria’s capacity to attach to host
factors and regulate immune responses10–12. These
lipoproteins are significant antigens that stimulate
immunological responses and can thus be utilized to
develop potent vaccinations13. Among these, LipL41
holds particular significance due to its homogeneous
expression throughout pathogenic Leptospira species
and absence in avirulent Leptospira14. Furthermore,
it has been utilized in serodiagnosis and is believed to
have the potential to be integrated into vaccines15.
The utilization of DNA vaccines has ushered in a
new age in vaccine development and has significantly
transformed conventional practices16. DNA vaccines
are referred to as third-generation vaccines due to
their advantageous characteristics, including stabil-
ity, simplicity, and speed in vaccine design, cost-
effectiveness in production, and safety 17. The vac-
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cines mentioned above function through the direct
administration of plasmid DNA that contains the ge-
netic code for the desired antigen18. This genetic ma-
terial is subsequently producedwithin cells, triggering
immunological responses. Mammalian expression
systems are frequently utilized for DNA vaccines due
to their ability to undergo post-translational modi-
fications and efficiently process proteins, mimicking
the conditions of the host organism19. DNA vaccines
for leptospirosis have developed extensively, notably
pTarget/LipL32, which has demonstrated the ability
to elicit humoral immune responses and recognize
native L. interrogans membrane proteins15. Lately,
there has been a discussion on how molecular adju-
vants can enhance the effectiveness of vaccines. Stud-
ies have shown that adjuvants, including hGMCSF
(human granulocyte-macrophage colony-stimulating
factor), stimulate the innate immune system, guide
cell mobility, and enhance the collaboration of im-
mune cells in presenting antigens20. DNA vaccines
contain elements of these adjuvants. Multiple ex-
periments have proven that molecular adjuvants can
improve DNA vaccines’ immunogenicity and stimu-
late cytokine production and antigen processing un-
der specific conditions21.
Therefore, in this investigation, we chose to utilize a
mammalian expression system to express the LipL41
ORF of the Leptospira and the EGFP and hGM-
CSF.The recombinant DNAwas introduced into Chi-
nese Hamster Ovary (CHO) cells because of their
widespread use in proteinmanufacturing, as they reli-
ably replicate the desired quantities22. The cells were
transfected using Lipofectamine 2000 and calcium
phosphate techniques, and the expression of the con-
structs containing the EGFP was verified using fluo-
rescence microscopy. The immunological response to
the recombinant DNA constructs was assessed by an-
alyzing the production of cytokines and chemokines
following transfection. Furthermore, protein-protein
docking was conducted to determine the interaction
between LipL41 and molecular adjuvants (hGMCSF,
hIgGFC, and hC3d), demonstrating that hGMCSF is
the most effective adjuvant for enhancing the vac-
cination potential of the peptide. Considering the
data collected from the docking experiments and the
expression data of hGMCSF in CHO cells, LipL41,
when used as a heterologousDNAvaccinewith hGM-
CSF, shows potential as a candidate for a leptospirosis
vaccine. This work marks the beginning of develop-
ing second-generation leptospira vaccines that target
many Leptospira serovars. This study further empha-
sizes the importance of investigating molecular adju-
vants and DNA vaccine technologies and the integral

role of the scientific community in creating necessary
preventive methods against leptospirosis.

METHODS
E. coli XL10 was used to generate and transform all
recombinant plasmids. The sequences of all cloned
PCR-amplified products were confirmed by sequenc-
ing. Sambrook’s protocols for cloning and isolating
plasmid DNA were used23. Hi-Media Labs provided
all the chemicals, reagents, and antibiotics (India).
Thermo Fisher Scientific supplied molecular biology
reagents, the pTZ57R/T vector, and restriction en-
donucleases (USA). E. coli XL10 were grown in LB
buffer containing the requisite concentrations of an-
tibiotics for selective growth (Sigma-Aldrich, USA).
We utilized molecular-grade water (Hi-Media, India)
and phosphate-buffered saline (PBS) for all cloning
and cell culture procedures. The cell culture media,
Roswell Park Memorial Institute (RPMI), along with
10% fetal bovine serum (FBS) and antibiotics, were
procured fromHi-Media (India). Calcium phosphate
was obtained from Sigma-Aldrich (USA) for exper-
imental use. The National Centre for Cell Science
(NCCS) provided the CHO cell line.

Molecular Modeling and Docking

The sequence of LipL41 was retrieved from UniProt
(www.uniprot.org) with the UniProt ID: Q33BM7,
comprising 355 residues. A sequence similarity
search for the target sequence was conducted using
the Protein Data Bank on the BLAST server24. The
Modeller software (version 9.9) was utilized to gener-
ate the structural model of the LipL41 protein25. Fol-
lowing prediction, the generated structure was saved
in PDB format, and scores were calculated based
on Discrete Optimized Protein Energy (DOPE)26.
Standard programs evaluated the quality of the op-
timized model27–29. The final optimized structural
model and spiral model were used for further analy-
sis. Three significant glycoproteins ormolecular adju-
vants (hC3d, GMCSF, and hIgGFC) were employed to
evaluate the binding effectiveness of the LipL41 pro-
tein. ClusPro 2.0 was used to investigate the potency
of LipL41’s interactions with molecular adjuvants30.
Construction of pTR-EGFP-LipL41 and pTR-EGFP-
hGMCSF-LipL41 Plasmid
Gene-specific primers were used to amplify the lep-
tospiral OMP LipL41 gene. The forward primer (FP)
included the start codon ATG and was surrounded
by the restriction enzyme XhoI, whereas the reverse
primer (RP) had the SacI base sequence enclosed by
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the restriction enzyme XhoI. The PCR protocol in-
cluded an initial denaturation step at 94◦C for 3 min-
utes, followed by 30 cycles of denaturation at 94◦C
for 2 minutes, annealing at 60◦C for 45 seconds, and
extension at 72◦C for 1 minute. A final extension
step was performed at 72◦C for 8 minutes. The am-
plified PCR products were validated through agarose
gel electrophoresis (AGE). Subsequently, PCR ampli-
cons of LipL41 were processed, and the DNA content
was assessed using both AGE and Nanodrop meth-
ods. The purified LipL41 DNAwas then ligated to the
T-tailed vector pTZ57R/T to generate the recombi-
nant pTZ-LipL41 construct, which was subsequently
introduced into competent E. coli XL10 cells. Recom-
binant clones containing the pTZ-LipL41 plasmid
appeared as white colonies, while non-recombinant
clones appeared blue. The identity of the recombi-
nant plasmids (pTZ-LipL41) was confirmed through
colony PCR and restriction digestion using specific
enzymes.
The EGFP (Enhanced Green Fluorescent Protein)
gene, generously provided by Dr. B. Ashok Ku-
mar from Madurai Kamaraj University, India, was
amplified from the pEGFP plasmid. Furthermore,
the study utilized the hGMCSF (human Granulocyte-
Macrophage Colony-Stimulating Factor) gene, which
was graciously provided by Dr. Tracy Willson from
The Walter and Eliza Hall Institute of Medical Re-
search, Australia. The transcription of these two genes
(EGFP and hGMCSF) was achieved by using pairs
of gene-specific primers flanked by a recognition se-
quence for a restriction enzyme, together with normal
PCR conditions. Following electrophoresis on a 0.8%
agarose gel, the PCR products underwent purification
before being ligated into the pTZ57R/T vector. The
resulting ligationmixture was then introduced into E.
coli XL10 competent cells. Subsequently, colony PCR
was employed to verify the identity of the selected re-
combinant colonies.
The recombinant DNA was processed using restric-
tion enzyme-bounded primers, and the 1% agarose
gel electrophoresis revealed 1056 bp of LipL41, 717
bp of EGFP, and 453 bp of the hGMCSF gene release.
The recombinant clones (pTZ-LipL41, pTZ-EGFP,
and pTZ-hGMCSF) were sub-cloned into the pTR600
mammalian expression vector (a kind gift from Dr.
Ted Ross, University of Pittsburgh, USA), which was
constructed to carry the cytomegalovirus (CMV).
The recombinant DNA constructs were named pTR-
EGFP-LipL41 and pTR-EGFP-hGMCSF-LipL41. Fi-
nally, the recombinant plasmids were extracted using
the alkaline lysis method and were purified with a 30

mM concentration of MgCl2 and different concen-
trations of polyethylene glycol (PEG) 40% and PEG
6000. Afterwards, the purified plasmids were dis-
solved using molecular-grade water. Finally, the re-
combinant plasmids were transfected into the CHO
cell line for EGFP expression.

Cell Viability
TheCHO cell line was cultured in RPMImedium and
seeded into cell culture flasks. These flasks were then
placed in an incubator set at 37◦C with a 5% CO2 at-
mosphere for 12 hours. Following incubation, adher-
ent cells were observed using an inverted microscope.
Subsequently, the adherent cells were rinsed with 1%
trypsin solution and centrifuged at 600 rpm for 5min-
utes. The Trypan Blue dye exclusion test determines
the number of viable cells in a cell suspension. The
cells were counted using a hemocytometer under the
light microscope (100X). The following equation de-
termined the number of viable cells: percentage of vi-
able cells (cells/ml) = (average number of cells in 4
quadrants) x dilution factor for the size of the quad-
rant (i.e., 10,000) x dilution factor for the addition of
trypan blue. Finally, 5 x 105 cells per well were added
into 6-well plates (35 mm2). The total number of cells
within the flask was determined using the following
equation: Total cells in the flask = cells/ml x mL.

Lipofectamine-Mediated Transient EGFP
Expression
The recombinant DNA constructs pTR-EGFP-LipL41
and pTR-EGFP-hGMCSF-LipL41 were introduced
into theCHOcell line through transfection. TheCHO
cell lines were cultured in RPMI media, both com-
plete and incomplete, supplemented with 10% FBS
and a penicillin-streptomycin antibiotic solution (Hi-
Media, India). The cell cultures were maintained at
37◦C in a humidified atmosphere with 5% CO2 con-
centration.

In VitroDNA Transfection in CHO Cell Line
The CHO cells were cultured by seeding 5 x 105 cells
into 6-well plates (35 mm2), and the plates were incu-
bated at 37◦C and 5% CO2 overnight. The CHO cells
were transfected with DNA constructs pTR600, pTR-
EGFP-LipL41, and pTR-EGFP-hGMCSF-LipL41 using
LipofectamineTM 2000. Briefly, the supernatant 10-
15 µL with five µg of plasmid DNA was mixed with
RPMI media (Tube A). Tube marked as B has 5µL of
LipofectamineTM 2000 reagent. The contents of tubes
A & B were mixed and kept at 37◦C for 30 minutes.
Subsequently, 1.5 mL of reduced serum media was
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added to each well, and the master mix (~400µL) was
added to each well of 6-well plates (35 mm2). The
plates were incubated for 72 hours, performed in trip-
licate, and repeated twice.

Cytotoxicity Assay
The cytotoxicity assay was employed on pTR-EGFP-
LipL41 and pTR-EGFP-hGMCSF-LipL41. In sum-
mary, CHO cells (5 x 105) were subjected to treat-
ment with Lipofectamine 2000 at concentrations of
2.5, 5, 7.5, and 10, and then incubated in the dark
for 12 hours. Tests were run in triplicates, and sample
sizes (positive and negative controls) were developed.
The positive control wells contained Lipofectamine
transfect plasmid DNA (pTR-EGFP-LipL41 and pTR-
EGFP-hGMCSF-LipL41), while the negative control
wells contained the same number of CHO cells and
the pTR600 vector without EGFP. The mixture was
incubated for hours at 37◦C in a CO2 incubator
with a CO2 concentration of 5%. The RPMI growth
medium was withdrawn after incubation, and 100
mL of growth medium was added with various doses
of plasmid DNA pTR-EGFP-LipL41 and pTR-EGFP-
hGMCSF-LipL41 (1-10 mg/mL) and maintained for
12 hours at 37◦C in a humidified incubator with 5%
CO2. After incubation, the culture media was with-
drawn correctly, and 150 µL of MTT was added to
each well. MTT cultures were maintained for 3 hours
at 37◦C in a humidified incubator with a CO2 concen-
tration of 5%. The proportion of viable cells was cal-
culated using the formula: % viability of cells = (OD
of test / OD of control) x 100.

Fluorescent Microscopic Analysis
Transfected CHO cells were washed with phosphate-
buffered saline (PBS). Washed cells were carefully
placed on a glass slide, and the periphery was sealed
with nail paint. Mounted slides were observed un-
der the fluorescence microscope. Protein expression
(GFP tagged) was checked by fluorescent and confo-
cal microscopy.

Real-Time PCR
The pTR-EGFP-LipL41 and pTR-EGFP-hGMCSF-
LipL41 were transfected into the CHO cell line using
LipofectamineTM 2000. The cells that received the
genetic material were cultured for 24 hours at a
temperature of 37◦C in a CO2 incubator with a
CO2 concentration of 5%. After incubation, RNA
isolation was carried out using the Hi-PurATM Total
RNA Miniprep Purification Kit, and cDNA was
synthesized using the RevertAid First Strand cDNA

Synthesis Kit (Thermo Scientific, USA). A Nanodrop
analyzer checked the concentration of cDNA. The
100 ng of cDNA was used to study cytokine and
chemokine expression using specific primers. The
samples underwent amplification using 20 µL of
cDNA, including forward and reverse primers, along
with 1X SYBR Green I Master mix (Roche) and
molecular-grade water. The PCR cycle consisted of
denaturation at 25◦C for 10 minutes, annealing at
42◦C for 30 minutes, and extension at 85◦C for 5
minutes. Details of the RT-PCR primers are provided
in Table 1.

RESULTS

Molecular Modelling and Molecular Dock-
ing

The intricate configuration was produced by employ-
ing ClusPro software to dock LipL41 with three cy-
tokines30. The output generated by ClusPro resulted
in the identification of the ten most highly ranked
docked structures, which were sorted based on their
respective binding energies. The conformation with
the least binding energy was selected for further anal-
ysis through docking, as indicated in Table 2. The
docking outcomes indicate that LipL41 exhibits supe-
rior interaction with hGMCSF, as evidenced by the
interaction energy of -594.9 Kcal/mol and the for-
mation of 246 hydrogen bonds. The hC3d-LipL41
complex demonstrates an interaction energy of -555.9
Kcal/mol and is distinguished by the creation of 198
hydrogen bonds. In contrast, the hIgGFC-LipL41
complex (MCO) displays an interaction energy of -
428.7 Kcal/mol and involves the formation of 150 hy-
drogen bonds. Upon assessment of the binding ener-
gies of the three complexes, it was observed that the
GMCSF-LipL41 complex exhibited the lowest bind-
ing energy. This finding suggests that the complex in
question possesses greater binding efficacy.

Construction of Mammalian Expression
Plasmid pTR-EGFP-LipL41

The pTZ-LipL41 and pTR-EGFP DNA samples were
subjected to restriction digestion using BamHI and
XhoI enzymes. The resulting DNA fragments were
then examined using 0.8% agarose gel electrophore-
sis. The digested fragments of pTZ-LipL41 (1065-
bp), EGFP (717-bp), and pTR (3.8-kb) were purified
by extracting them from the agarose gel, and then
a ligation reaction was carried out for the fragments
overnight. The ligation mixture was introduced into
competent E. coli XL10 cells through transformation,
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Table 1: RT-PCR primers used in this study

Cytokines Forward Primer (5’ – 3’) Reverse Primer (5’ – 3’)

IL-2 AATTCGGTACATCCTCACGG GGTTGTTTTCTGCCAGTGCC

IL-6 AATTCGGTACATCCTCGACGG GGTTGTTTTCTGCCAGTGCC

IL-8 GACCACACTGCGCCAACAC CTTCTCCACAACCCTCTGCAC

IL-10 GGTTGCCAAGCCTTGTCTGA AGGGAGTTCACATGCGCCT

TNF α GGAGAAGGGTGACCGACTCA CTGCCCAGACTCGGCAA

IFN γ AGCTCTGCATCGTTTTGGGT CGCTTCCCTGTTTTAGCTGC

CXCL11 CCTTGGCTGTGATATTGTGTGCTA CCTATGCAAAGACTGCGTCCTC

CCL17 TGAGGACGCTCCAGGGATG AACGGTGGACGTCCCAGGTA

β - ACTIN TCACCCACACTGTGCCCATCTACG CAGCGGAACCGCTCATTGCCAATG

Table 2: Protein-Protein docking of LipL42 against threeMolecular Adjuvants

Protein 1 Protein 2 PDB ID of
Protein 2

Resolution (Å) Interaction
Energy

(Kcal/mol)

Number of
Hydrogen Bonds

LipL42 hGMCSF 2GMF_A 2.4 -594.9 246

hC3D 1C3D_A 1.8 -555.9 198

MCO Model Nil -428.7 150

Figure 1: Confirmation of pTR-EGFP-LipL41 clone by Restriction Digestion. Lane 1: pTR-EGFP-LipL41 uncut;
Lane 2: pTR-EGFP-LipL41 digested with BamHI and XhoI; Lane 3: Gene ruler (100-bp to 10-kb); Lane 4: pTR-EGFP-
LipL41 uncut; Lane 5: pTR-EGFP-LipL41 digested with BamHI and XhoI.

(Theoretical
model)
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Figure 2: Confirmation of pTR-EGFP-hGMCSF-LipL41 clone by Restriction Digestion. Lane1: Gene Rular size
0.5-kb to 10-kb; Lane 2: pTR-EGFP-hGMCSF-LipL41 uncut; Lane 3&4: pTR-EGFP-hGMCSF-LipL41 digested with
BamHI & XhoI.

Figure 3: MTT assay of pTR-EGFP-LipL41, pTR-EGFP-hGMCSF-LipL41 on CHO cell line. Percentage of cell via-
bility of CHO cells (X -axis) and different concentration of Lipofectamine 2000 (Y -axis); Each value was expressed
in mean± SD of three replicates.
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Figure 4: In vitro gene expression of DNA constructs in different time intervals of CHO cell line by fluorescence
microscope (A) pTR600 (B) pTR-EGFP-LipL41 (C) pTR-EGFP-hGMCSF-LipL41 in 24 hours-time interval (D) pTR600
(E) pTR-EGFP-LipL41 (F) pTR-EGFP-hGMCSF-LipL41 in 48 hours-time intervals.

Figure 5: The relative expression level of cytokines and chemokines in transfected CHO cells with EGFP-
LipL41 and EGFP-hGMCSF-LipL41. The graph represents differential cytokine and chemokines expression pro-
filing in the unstimulated (control), EGFP-LipL41, EGFP-hGMCSF-LipL41, and PMA stimulated CHO Cell line.
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and the resulting transformed colonies were exam-
ined for positive clones using colony PCR. The plas-
mid was extracted from the colony of the positive
patch using the alkaline lysis technique, and the clones
were verified using restriction digestion analysis with
HindIII and XhoI enzymes. The LipL41 and EGFP
(1.8-kb) genes were released (Figure 1). The pTR-
EGFP-LipL41 plasmids were sequenced and associ-
ated with the original LipL41 EGFP sequences. Basic
Local Sequence Alignment (BLAST) analysis showed
the recombinant clones were 100% identical to the
original sequences.

Construction of Mammalian Expression
Plasmid pTR-EGFP-hGMCSF-LipL41

The pTR-EGFP-LipL41 and hGMCSF DNA samples
were subjected to restriction digestion using BamHI
and XhoI enzymes. The resulting digested DNA frag-
ments were then examined using 0.8% agarose gel
electrophoresis. The product resulting from the di-
gestion of pTR-EGFP-LipL41 (1.8-kb) and hGMCSF
(453-bp) using restriction enzymes was purified by
extracting it from the agarose gel. Subsequently, an
overnight ligation reaction was carried out. The lig-
ation mixture was introduced into competent E. coli
XL10 cells, and the resulting transformed cells were
examined for positive clones by colony PCR.The plas-
mid was extracted from the colony of the positive
patch, and the clones were verified by restriction di-
gestion analysis using NheI and StuI enzymes. A re-
lease of EGFP-hGMCSF-LipL41 (2-kb) was observed
(Figure 2). The pTR-EGFP-hGMCSF-LipL41 plas-
mids were sequenced and associated with the original
LipL41, EGFP, and hGMCSF sequences. The BLAST
analysis showed the recombinant clones were 100%
identical to the original sequences.

Estimation of Cytotoxic Effects of pTR-
EGFP-LipL41 and pTR-EGFP-hGMCSF-
LipL41 of Recombinant DNA Constructs

In this study, we examined the cytotoxic effects
of pTR-EGFP-LipL41, pTR-EGFP-hGMCSF-LipL41,
and recombinant DNA constructs on the CHO cell
line. CHO cells were seeded into 96-well plates and
exposed to varying concentrations (ranging from 2.5
to 10 µg/mL) of Lipofectamine. Analysis using the
MTT cell viability assay unveiled a dose-dependent
trend of cytotoxicity, as illustrated in Figure 3. Addi-
tionally, cell viability was assessed. With the 5 µg/mL
concentration of Lipofectamine 2000, approximately
90% of cell viability was observed (Figure 3).

In Vitro Transfection of Plasmid DNA into
CHO Cell Line
Theeffectiveness of the engineered recombinantDNA
complexes in expressing EGFP in the eukaryotic
(CHO cell line) system was evaluated by introduc-
ing plasmid DNA of pTR600, pTR-EGFP-LipL41,
and pTR-EGFP-hGMCSF-LipL41 through transfec-
tion. The results were compared with the nega-
tive control, pTR600. Fluorescent microscope anal-
ysis was conducted 24 and 48 hours after transfec-
tion of pTR600, pTR-EGFP-LipL41, and pTR-EGFP-
hGMCSF-LipL41 to observe EGFP expression. The
results may be seen in Figure 4.

Quantification of Cytokine and Chemokine
The CHO cells were genetically modified with pTR-
EGFP-LipL41 and pTR-EGFP-hGMCSF-LipL41 and
then induced with Phorbol 12-myristate 13-acetate
(PMA) to produce cytokines and chemokines. Cells
were collected following 24 hours of incubation, RNA
was isolated, and cDNA was generated using a re-
verse transcriptase enzyme. An equivalent concentra-
tion of the cDNA template was employed to examine
the differential cytokine and chemokine production.
The cytokines IL-2, IL-6, IL-8, IL-10, IFNγ , TNF-α ,
and the chemokines CXCL 11 and CCL17 were all
subjected to divergent cytokine profiling. Real-time
quantitative PCR was conducted utilizing the ABI
7000 Real-Time PCR instrument from Conquer Sci-
entific. β -actin served as an internal control for nor-
malization of the values. The expression of IL-2, IL-6,
IL-8, IL-10, IFNγ , CXCL 11, and CCL17 was assessed
for both EGFP-LipL41 and EGFP-hGMCSF-LipL41
constructs. Notably, no significant fold change in the
expression of TNF-α was observed, as depicted in
Figure 5.

DISCUSSION
This study showcases the successful transfection of
CHO cell lines with pTR-EGFP-LipL41 and pTR-
EGFP-hGMCSF-LipL41 recombinant plasmids. This
achievement underscores the potential of recombi-
nant DNA vaccines in the fight against Leptospira in-
fections. LipL41, an outer membrane protein of Lep-
tospira, is a well-studied target antigen for vaccine de-
velopment due to its strong immunological character-
istics15. The addition of the hGMCSF gene, a potent
immunomodulator, further enhances the immune re-
sponse by stimulating cytokine production and ac-
tivating the immune defense to a highly protective
level31.
As previously explained, the successful transfer of
genes to the CHO cell line was verified by observing
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the expression of EGFP using recombinant DNA con-
structs. Fluorescencemicroscopy revealed a high per-
centage of transfection effectiveness, with EGFP lo-
calized in the nucleus of the transfected CHO cells.
This finding aligns with the conclusions of other re-
searchers who have previously utilized EGFP as a
marker to assess the effectiveness of transfection and
gene expression in mammalian cells32,33.
Our work also attempted to estimate the mRNA lev-
els of cytokines after introducing pTR-EGFP-LipL41
and pTR-EGFP-hGMCSF-LipL41 into CHO cell lines
through transfection, facilitating comprehension of
the connections between cytokines and the immune
response, specifically in the context of resolving in-
fections, particularly microbial disorders such as lep-
tospirosis. The current study has identified an eleva-
tion in cytokines, specifically IL-2, IL-6, IL-8, IL-10,
and IFNγ . Additionally, chemokines such as CXCL11
and CCL17 have also shown an increase. This study
suggests that the observed recombinant DNA con-
structions induce both an inflammatory response and
a slowing of inflammation, resulting in a balanced im-
mune response. Nevertheless, the potential rise in
cholesteryl ester content caused by ADCs may lead to
decreased TNF-α levels. This decrease in TNF-α lev-
els may indicate an anti-inflammatory effect, which
might help mitigate the down-regulation and tissue
damage often due to this process34–36.
IL-2 and IFNγ , two cytokines, exhibit the most sig-
nificant increases. These cytokines are highly effec-
tive in enhancing the body’s protective immune re-
sponse againstmicrobial diseases37,38. IL-2 promotes
the survival, development, and proliferation of lym-
phoid progenitor cells, while IFNγ boosts the activ-
ity of macrophages and improves antigen presenta-
tion by increasing the expression of MHC class I and
II molecules39. The upregulation of these cytokines
suggests that the use of recombinant DNA construc-
tions could be highly beneficial in inducing a robust
immune response, particularly in the context of vacci-
nations. Moreover, the elevated level of IL-8, a type of
chemokine known for its ability to attract neutrophils,
can enhance the recruitment of immune cells to the
site of infection and bolster the body’s ability to erad-
icate the pathogen40. The increase in the IL-10/IL-6
ratio and the potent anti-inflammatory cytokine IL-
10 production support the idea of a shifting immune
response towards a balanced state. This is because IL-
10 can help control inflammation and prevent tissue
damage during the infection41. Remarkably, the out-
come demonstrates a reduction in TNF-α levels, sug-
gesting the presence of an anti-inflammatory impact.
While TNF-α is a potent pro-inflammatory cytokine

that is involved in initiating immune responses and
is known for its diverse functions, excessive release
of TNF-α can lead to severe inflammation and tissue
damage3. The reduction in TNF-α levels may also in-
dicate that the recombinantDNA constructs canmiti-
gate excessive inflammation without affecting the im-
mune response.

CONCLUSION
In conclusion, the findings of this study provide valu-
able insights into the potential of LipL41 and hGM-
CSF as promising targets for DNA vaccine develop-
ment against leptospirosis. The transfection of CHO
cell lines with recombinant DNA constructs demon-
strated efficient gene expression and cytokine produc-
tion, which are critical for eliciting a strong and bal-
anced immune response. Further research is needed
to evaluate the in vivo efficacy of these constructs and
their potential for use in vaccine development. Addi-
tionally, optimizing the delivery methods and explor-
ing alternative adjuvants may further enhance these
DNA vaccines’ immunogenicity and protective effi-
cacy.
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