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Abstract

Objective(s)

Lipocalin 2 (Lcn2) is a 25-kDa glycoprotein that has initially been extracted from neutrophil granules.
Expression of Len2 is induced under various pathophysiological conditions. It is also known as an early
marker of kidney and heart injury. High-level expression of recombinant Lcn2 neutrophil gelatinase-
associated (NGAL) in insect cells was the aim of this study.

Materials and Methods

Len2 gene was isolated from HepG2 cell line. The PCR product was cloned into TOPO vector to construct
TOPO-Len2. Then Len2 was transferred to Gateway adapted Baculovirus DNA by LR recombination
reaction. The recombinant Baculovirus DNA was transfected into insect cell line. Expression of recombinant
Lcn2 was detected by RT-PCR, ELISA and western blot analysis.

Results

Insertion of Len2 into pENTR/D-TOPO vector was confirmed by using PCR. The accuracy of the
nucleotides sequence was verified by DNA sequencing. Transfer of the Lcn2 ¢cDNA into the Baculovirus
destination vector by LR recombination reaction was confirmed by amplification of a band of about 860 bp
length by using forward Len2 primer and VS5 reverse primer. Next, Len2 protein was detected as a prominent
band with approximate molecular weight of 30 kDa in SDS-PAGE and western blot analysis. ELISA results
revealed high-level expression of Len2 by Spodoptera frugiperda (S9) cells.

Conclusion

High-level expression of Lcn2 protein in insect cells is promising for future potential applications.
Recombinant Len2 might be used for producing monoclonal or polyclonal antibodies and as potential
therapeutic agent. Large scale expression and purification are next steps that are on the way.
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Introduction

The Lipocalin protein family contains more
than 20 small secreted proteins that generally
bind soluble extra cellular macromolecules,
small hydrophobic ligands, and may not be
some specific cell surface receptors (1, 2). The
Lipocalins comprise a class of proteins that are
characterized by highly conserved beta sheet
structure, forming a beta-barrel defining a
calyx (3). The neutrophil gelatinase-associated
lipocalin (NGAL) or lipocalin2 (Lcn2) is a
member of the lipocalin super family with
diverse functions such as suppression of
bacterial growth, cytoprotection against ROS,
and modulation of inflammatory responses (4,
5). Moreover, it has been shown that Lcn2 is
an adaptive response to ameliorate the injuries
induced by thermal stresses for
reestablishment of homeostasis (6).

Len2 is known as an acute-phase protein
that can protect the body against acute
ischemic renal injury, therefore it is suggested
that administration of exogenous Lcn2 may
exerts remarkable protection in AKI (Acute
Kidney Injury ) (7, 8).

In addition, Lcn2 exerts bacteriostatic
effects by capturing and depleting the
siderophores. This creates a role for Lcn2 in
tissue-protection against infection (9, 10).
Furthermore, the application of recombinant
Lcn2 as a therapeutic agent can be one of the
potential solutions for some diseases such as
ischemic renal injury and infection. With
regard to some of these functions, this protein
has been known as a candidate for medical
application. Therefore, cloning and expression
of Len2 could be of great importance in
medicine. The expression of Lcn2 gene has
been reported in prokaryotic and mammalian
expression systems. In prokaryotic system,
human NGAL has been expressed in
Escherichia coli strain BL21 fused with N-
terminal OmpA signal peptide and C-terminal
Strep-tag I from the vector phNGAL14 (11).
In the case of its expression in mammalian
cells, the NGAL cDNA has been cloned into
the pGEM-T-easy plasmid, followed by
digestion with restriction endonucleases and
cloned into the corresponding sites in the
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pLenti6/V5 viral vector. Then, the cell culture
medium containing the recombinant viruses
has been used to transduce KMI12SM cells
(12). In other studies, the amplified FLAG-
tagged NGAL cDNA has been subcloned into
the mammalian expression vector
pcDNA3.1/HisC and transfected to A549 and
CHO cells (13,14), but as far as we know,
NGAL has not been expressed in baculovirus
expression system before. Furthermore, in
those studies traditional strategies (excision
with restriction enzymes and ligation with
DNA ligase) have been used for cloning of the
Lcn2 gene.

In the present study gateway technology and
baculovirus expression system were used to
provide a rapid and highly efficient way for high
level expression of recombinant Lcn2. It is
noteworthy that in contrast to traditional cloning
methods, gateway technology does not require
digestion with restriction endonucleases and
ligase mediated joining of the fragments. In the
present study, we transiently overexpressed the
human Len2 gene in Sf9 cells using baculovirus
expression system.

Materials and Methods
Isolation and cloning of Lcn2 coding sequence
Initially, total RNA of HepG2 cells was
extracted by Sinagen RNA extraction kit
according to the manufacturer’s instructions
(Sigma, USA). Then, 1 pg of the total RNA
was used to generate the first-strand cDNA
using the cDNA synthesis kit (Invitrogen,
USA) and random hexamers as primers. The
RT-PCR reaction condition included 25 °C for
10 min, 50 °C for 50 min, and 85 °C for 5 min.
Isolation of full length Len2 ¢cDNA was
performed with Pfu DNA polymerase in
GeneAmp PCR system 9600 thermocycler
(PerkinElmer Life and Analytical Sciences,
Wellesley, MA).The following primers were
used for amplification of the sequence: 5’-
CACC ACG AAT TCA CCA TGG TGC CCC
TAG GTC TCC TGT GGC TG-3’ as forward
and 5’-TAG CGG CCG CTC AGC CGT CGA
TAC ACT GGT C-3 as reverse. The
underlined sequence was introduced to the
forward primer for TOPO cloning as
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mentioned by the manufacturer. PCR was
performed under standard condition and
finally, gel electrophoresis was performed for
further analysis of the PCR products.

The cloning of Lcn2 in pENTR/D-TOPO
vector was carried out by pENTR directional
TOPO cloning kit (Invitrogen, USA). Briefly,
20 ng of the cDNA and 20 ng pENTR/D-
TOPO DNA were mixed and followed by 5
min incubation at room temperature. Finally 2
ul of the reaction were used to transform
chemically competent E. coli cells. The
recombinant bacteria were screened using LB
agar medium (Merck, Germany) containing 50
pg/ml kanamycin. The recombinant plasmid
pENTR-Lcn2 was extracted from positive
colonies using High Pure Plasmid Isolation Kit
(Roche, Germany) and then analyzed for the
proper orientation of the cloned fragment by
PCR and DNA sequencing (Accession
Number EU644752)

Generation of recombinant baculoviruses
carrying Lcn2

Two hundred ng of the recombinant entry
plasmid (pENTR-Lcn2) extracted from
positive colonies and 300 ng of linear
baculovirus destination vector were mixed
according to the manufacturers’ instructions
(Invitrogen), and then incubated at 25 °C for

1 hr. The accuracy of the recombination
reaction was analyzed by PCR using
polyhedrin forward primer
(AAATGATAACCATCTCGC) and V5
reverse primer (Invitrogen).

Cell culture

HepG2 cell line, obtained from the National Cell
Bank of Iran, was cultured in RPMI-1640
medium (Gibco-BRL, Eggenstien, Germany)
containing 10% fetal bovine serum (FBS),
1 pg/ml vitamin K1, 100 U/ml penicillin, and
100 pg/ml streptomycin (Gibco). Spodoptera
frugiperda, Sf9 cells (Invitrogen) were grown in
complete TNM-FH containing supplemented
grace’s insect medium (Invitrogen), 10% FBS
(Gibco) and penicilin-streptomycin (100 pg/ml)
and incubated at 27 °C without CO, exchange.

Transfection of SF9 cells

The recombinant baculovirus carrying Lcn2
was transfected into Sf9 cells using Cellfectin
reagent as described by the manufacturer
(Invitrogen). The supernatant containing
recombinant budded viruses was harvested 96
hr post-infection and centrifuged at 4000 rpm
for 5 min to remove cell debris. The obtained
viruses were amplified through three
consecutive rounds of Sf9 cells infection.

Expression of recombinant Lcn2

Expression of Lcn2 was performed by
infection of approximately 8x10° Sf9 cells
using the third generation (P3) of the
recombinant viruses. Sf9 cells were transfected
at high multiplicity of infection (MOI, 20
plaques forming units per cell) and the cellular
and medium fractions of transfected cells were
harvested in different time intervals (48, 72, 96
and 120 hr). To assess the accuracy of the
Len2 expression, RT-PCR was performed for
the medium fractions of 48 and 72 hr, against
the untransfected cells as negative control.

Analysis of the recombinant Lcn2

In order to evaluate the expression of the Lcen2
protein, SDS-PAGE and western blot analysis
were performed as previously described (14).
The SDS-PAGE gel was stained with an
enhanced Coomassie blue dye reagent. The
western blot analysis was performed through
using PVDF membrane. Immune detection of
Lcen2 was carried out using the primary goat
anti human Lcn2 antibody and a secondary
HRP conjugated anti goat antibody. Then the
reaction was developed by ECL kit
(Amersham, USA).

Expression of Len2 was also investigated
by sandwich ELISA method (R&D Systems,
Minneapolis, MN) in triplicate for all
fractions, as instructed by the manufacturer
and by utilization of the peroxidase coupled
rabbit anti-mouse IgG (Dako, Glostrup,
Denmark) .

Results

Isolation of Lcn2 gene and generation of the
recombinant viral vector

Isolation of Lcn2 ¢cDNA was performed by PCR
using specific primers following the synthesis of
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total cell cDNAs by RT-PCR. PCR was
performed by pfu DNA polymerase and the
expected band of about 625 bp was observed on
agarose gel electrophoresis (Figure 1).

PCR reaction using the Len2 specific primers
was also performed to evaluate the recombinant
clones and to confirm the direction of the cloned
gene within the pENTR/D-TOPO plasmid
(Figure 2). For further evaluation, the PCR
reaction was performed using M13 primers to
amplify an 825 bp-fragment (Fig. 3) confirming
the insertion of the Lcn2 gene into the
pENTR/D-TOPO plasmid. Finally, the accuracy
of the nucleotides sequence was confirmed by
DNA sequencing.

Generation of recombinant baculoviruses
PCR reaction was performed using polyhedrin
forward primer and V5 reverse primer to
confirm the transfer of the Lecn2 ¢cDNA into
the baculovirus destination vector by LR
recombination reaction. This resulted in
amplification of a band of about 860 bp length
(Figure 4).
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Figure 1. Isolation of the Lcn2 cDNA by specific
primers from cell line (lane 1), single 625 bp band was
confirmed. M; 100 bp ladder molecular weight marker
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Figure 2. PCR was performed to confirm the correct
insertion of Lcn2 into the appropriate entry vector
(pENTR-TOPO). Three clones were analyzed by PCR
using the specific primers for Lcn2. Results confirmed the
second clone to be recombinant. M; 100 bp DNA marker
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Evaluation of the Lcn2 expression

The presence of Len2 mRNA transcript in Sf9
cells was confirmed by RT-PCR and the
results showed that the expression of the
recombinant protein increased over time
(Figure 5). SDS-PAGE and western-blot
analysises were performed for evaluation of
the recombinant protein production using
specific Len2 antibody (Figure 6). The human
Len2 migrated as a prominent band with
approximate molecular weight of 30 kDa in
SDS-PAGE. The results indicated the
expression of recombinant Lcn2 with an
approximate molecular weight increasing from
30 kDa that is due to the production of
recombinant protein.

Expression of human Len2 by Sf9 cells was
further determined by ELISA. Results showed
that the cells transfected with Lcn2 express
Lcen2 protein, whereas cells transfected with
PENTR vector do not (Table 1).

Figure 3. PCR was performed to confirm the correct
insertion of Lcn2 into the appropriate bacmids.
Transposition of Lcn2 into the bacmid supplied by
DH10Bac cells was confirmed by PCR using M13
primers, which resulted in a single 800 bp band. M; 100
bp DNA marker
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Len2
860 bp

Figure 4. PCR was performed to confirm the correct
insertion of Lcn2 into the appropriate bacmids. The
accuracy of recombination reaction was determined
through PCR by using polyhedron forward and V5
reverse primers and resulted in a band of about 860 bp.
M; 100 bp ladder marker.

Table 1. ELISA for human Lcn2 immunoassay

bp M 1 2 3
1000

625 bp

200

B M 1 2
200 B-act
115bp
100

Figure 5. Expression of Len2 by transfected Sf9 cells RNA
was extracted from Sf9 cells, cDNA was synthesized, and
RT-PCR was performed. A: The presence of a Lcn2
mRNAs in Sf9 cells transfected with the recombinant
baculoviruses was confirmed by RT-PCR after 48 hr (lane
2) and increased over time on 72 hr (lane 3). No expression
was observed in non-transfected Sf9 cells (lane 1). B: The
expression of beta actin in both non-transfected SF9 cells
and Sf9 cells transfected with recombinant viruses. M;
100 bp ladder marker.

Samples ODys0
Len2 a, 100 ng/ml 1.752+£0.123
Len2 a, 50 ng/m 0.912+0.165
Len2 a, 12.5 ng/m 0.533+0.116
SF9-V 0.294 +0.094
Len2 a, 50 ng/m 2.501+0.162
Len2 a, 12.5 ng/m 0.095 +£0.032
a, Standard concentrations of human Lcn2 provided in the ELISA kit
b, 20 — fold dilution
M 1 2
A B
116
66.2 116 -
45.0 S
35.0
45.0 -
25.0 - : 35.0 -
o * 4— 30KDa
25.0 -
—_—

Figure 6. A: SDS-PAGE and B: Western blot analysis of Lecn2 expression. Total protein of Sf9 cell lysates transfected
with the recombinant virus was extracted. Existence of a band of about 30 kDa indicated the expression of recombinant
Len2 (lane 2). M is the protein molecular weight marker
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Discussion

Len2 plays important roles in a variety of
pathological processes such as intoxication,
renal injury, burn injury, human cancers and
infection (8, 15-21).

Lcen2 also acts as a cytoprotective factor
against oxidative stress (14). It has been
known as the first biochemical marker for
some diseases in human. For example, Len2 is
dramatically up-regulated in the kidney after
ischemia (3). Chelation of iron and
antibacterial property are other functions of
Len2  (22). Overall, there is emerging
evidences indicating beneficial roles of Lcn2
and its potential clinical application.

Cloning and expression of Lcn2 have
already been reported by other studies. Tong
et al cloned Lcn2 into expression vector
pcDNA3.1 and expressed it in AS549 and
MCF-7 cell lines (13). Roudkenar et al cloned
Len2 into pcDNA3.1 vector and expressed it
in CHO and Hek293T cell lines. In both above
mentioned studies, plasmid based vector and
mammalian cell lines were used for cloning
and expression of the Lcn2 gene (6).

Considering  the  probable  medical
applications of the Lcn2 protein, and also for
the purpose of conducting further studies on
the biological properties of Lcn2, a large
amount of this protein is required. Hence, an
expression system with the ability to produce
high amounts of this protein is required. One
of the popular eukaryotic expression systems
is the baculovirus expression vector system
(BEVS). BEVS takes advantage of the very
late baculoviral promoters; pl0 or polyhedrin
which are highly transcribed and expressed by
infected insect cells. Therefore, considering
the high expression yields of this system, and
also because of the ease of handling of the
insect cells, we evaluated the expression of
Lcen2 protein by this system. As far as we
know, this is the first report on the expression
of the recombinant Lcn2 by a baculovirus
expression system and the low cost of the
insect cell expression Len2 compared to those
obtained from mammalian expression systems
makes it suitable for further investigations of
its concise mechanism and perhaps for the
future medical applications.
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To perform the expression procedure, the
Lcn2 gene was isolated from HepG2 cell line
and transfected into the Sf9 insect cell line
through TOPO cloning reaction to investigate
the ability of this system to express Lcn2. Here
we obtained an expression yield of about 2.5
pg/ml that is much more than that of
mammalian expression system.

In a previous study, we expressed Lcn2 in
CHO and HEK 293T cell lines (14). In these
cells, about 200-250 ng/ml of Lcn2 was
produced. Because the mammalian cell lines
provide low expression levels, the Sf9 cell line
was selected as the “protein factory” for the
production of recombinant Len2. Insect cells are
labeled as an eukaryotic expression system that
are not related to some of the defects ascribed to
prokaryotic systems (such as the lack of post-
translational modifications) and mammalian cell
systems (such as low expression levels) (23). On
the other hand, baculovirus is one of the most
powerful vehicles for foreign gene expression at
extremely high levels (24, 25), therefore we used
baculovirus as the expression vector system.
Another significant point of our work was the
employment of both TOPO cloning reaction and
gateway system. The gateway system takes
advantage of the site specific recombination
reactions which eliminates the necessities for the
digestion of the gene of interest or plasmid with
restriction enzymes (26).

Furthermore, TOPO cloning is an important
asset in projects requiring systematic cloning,
modular assembly, and expression in various
contexts. Thus, the use of these two methods
brings about higher efficiency with simple
methodology to produce Len2 protein.

Conclusion

High-levels of recombinant protein were
expressed in SF9 cells. This recombinant Lcn2
could be used to produce monoclonal or
polyclonal antibodies that in turn would be
used as an early marker for diagnosis of
kidney and heart injuries. Recombinant Lcn2
can also be considered in future as a potential
therapeutic agent such as antibacterial agent,
anti-oxidative factor and iron chelating factor.
Large scale expression and purification could
be the next steps of our studies.
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