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Abstract Current research focuses on the solu-
ble and high-level expression of biologically active
recombinant human IL-29 protein in Escherichia coli.
The codon-optimized IL-29 gene was cloned into the
Champion™ pET SUMO expression system down-
stream of the SUMO tag under the influence of the T7
lac promoter. The expression of SUMO-fused IL-29
protein was compared in E. coli Rosetta 2(DE3),
Rosetta 2(DE3) pLysS, and Rosetta-gami 2(DE3).
The release of the SUMO fusion partner resulted in
approximately 98 mg of native rhIL-29 protein with a
purity of 99% from 1 1 of fermentation culture. Puri-
fied rhIL-29 was found to be biologically active, as
evaluated by its anti-proliferation assay. It was found
that Champion™ pET SUMO expression system can
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be used to obtained high yield of biologically active
soluble recombinant human protein compared to
other expression vector.
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Introduction

Human IL-29 is a pleiotropic cytokine produced
primarily by monocyte-derived dendritic cells, epi-
thelial cells, and peripheral blood mononuclear cells
(PBMCs) in response to viral infections and lipopoly-
saccharide (LPS) stimulation (Kotenko et al. 2003;
Sheppard et al. 2003). IL-29 is the most abundant
type III interferon in human serum, while it exists as a
pseudogene in mice and is the only IFN-A that exhib-
its N-linked glycosylation (Donnelly and Kotenko
2010). IL-29 mainly targets hepatocytes and epithe-
lial tissues (Lazear et al. 2015b) and protects endothe-
lial cells of the spleen, kidney, and central nervous
system, as observed with type I interferons (Som-
mereyns et al. 2008). It generates a milder but pro-
longed response with equal efficacy as IFN-a (Muir
et al. 2014). Type III interferon family member genes
were clustered on chromosome 19 (q13.13). Although
their genomic structure is similar to that of the IL-10
family, their protein signaling resembles that of type I
interferons rather than that of IL-10. Therefore, these
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proteins have been independently described as IFN-
Al (IL-29), IFN-A2 (IL-28A), IFN-A3 (IL-28B), and
IFN-M4 (Kotenko et al. 2003; Donnelly and Kotenko
2010; Prokunina-Olsson et al. 2013). Not surpris-
ingly, IFN I-like interferon-stimulating genes (ISGs)
have been reported to be triggered by type III IFNs
that inhibit the infection of numerous types of viruses
in a variety of cells (Ank et al. 2006).

In vitro cellular systems have demonstrated that
IL-29 is a potential inhibitor of replication of hepatitis
B virus (HBV), Hepatitis C virus (HCV) (Robek et al.
2005), human immunodeficiency virus type 1 (HIV-
1) (Hou et al. 2009), West Nile virus (WNV) (Lazear
et al. 2015a), and dengue virus (Palma-Ocampo et al.
2015). IFN-A has been reported to be potent against
coronaviruses, including MERS-CoV and SARS-
CoV1 (Mahlakoiv et al. 2012; Hamming et al. 2013).
IL-29 has recently been proposed as a potential in
treating COVID-19 (SARS-CoV2) (Prokunina-Ols-
son et al. 2020). Clinical trials evaluating the toler-
ability, safety, and effectiveness of PEGylated IL-29
for SARS-CoV2 are under way (ClinicalTrials.gov
Identifier: NCT04343976).

Studies have shown that IFN-A can exert direct
biological effects on tumor cell growth and func-
tions, such as reducing tumorigenicity, inducing cell
cycle arrest, and causing apoptosis through multiple
mechanisms (Lasfar et al. 2011). Several preclinical
trials have reported IFN-A-mediated antitumor effects
on human and murine cancer cells, such as colon can-
cer (Hui et al. 2011), esophageal carcinoma (Li et al.
2010), lung cancer (Tezuka et al. 2012), and neuroen-
docrine tumors (Zitzmann et al. 2006).

Despite its significance, the production of this
therapeutically important protein remains a challeng-
ing task. Researchers have expressed IL-29 in Escher-
ichia coli in the form of inclusion bodies as they are
often misfolded, which require further downstream
processing to obtain active recombinant proteins (Li
& He 2006; Li & Huang 2007; Wang et al. 2011).
However, all these processes reduce the final pro-
tein yields. Moreover, proteins expressed in the form
of inclusion bodies are partially misfolded, which
increases the risk of adverse immune reactions.

Therefore, therapeutic proteins must be pro-
duced in a soluble, biologically active form to avoid
adverse effects and simplify downstream processes.
Many methods have been developed to improve
soluble protein production in E. coli (Cabrita et al.
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2006; Rabhi-Essafi et al. 2007; Burgess-Brown et al.
2008). The fusion approach is a common strategy for
enhancing efficient expression and simplifying purifi-
cation. Widely used fusion tags include GST (Rabhi-
Essafi et al. 2007), Nus A (De Marco et al. 2004),
MBP (Kapust & Waugh 1999) and SUMO (Butt et al.
2005). SUMO fusion technology enables high-level
expression through proper folding of the target pro-
tein due to its chaperone-like effect (Kong & Guo
2011) and detergent-like effect on insoluble target
proteins (Malakhov et al. 2004). This fusion technol-
ogy not only increases the stability of the construct,
but also improves the solubility of the desired protein;
hence, it is considered a useful method for the expres-
sion of difficult-to-express proteins.

In this study, we focused on soluble and high-level
expression of biologically active IL-29 protein in E.
coli using the Champion™ pET SUMO expression
system. The purification of the pET SUMO-IL-29
protein possessing a His-tag at the N-terminus, pro-
teolytic cleavage to obtain the native protein by the
release of SUMO, and the anti-proliferative activity
of thIL-29 protein were determined.

Materials and methods
Materials

The Champion™ pET SUMO expression vec-
tor (K30001) and PureLink™ Quick Gel Extrac-
tion Kit (K210012) were purchased from Invitro-
gen. DreamTaq Green PCR Master Mix (K1082),
T4 DNA ligase (5U/ul), Rapid DNA Ligation Kit,
GeneJET Plasmid Miniprep Kit, isopropyl p-D-1-
thiogalactopyranoside (IPTG), and PageRuler™
Unstained Protein ladder were obtained from Thermo
Scientific™. Rosetta 2(DE3), Rosetta 2(DE3) pLysS,
and Rosetta-gami™ 2(DE3) cells were purchased
from Novagen, and HepG2, HCT-116, and MCF-7
cell lines for the biological assay were purchased
from ATCC, USA. Terrific broth and tetracycline
hydrochloride were purchased from Fisher biorea-
gents™, USA. Streptomycin sulfate, chlorampheni-
col, and a purification column (Ni-Sepharose column)
were purchased from Sigma. The Ni-Sepharose™ 6
Fast Flow resin was purchased from GE Healthcare
Life Sciences. Kanamycin monosulfate was obtained
from ICN Biomedicals, Inc. IL28/29 (H-1) sc-365834
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mouse monoclonal IgG,, antibody and goat anti-
mouse IgG-AP-conjugated antibody were purchased
from Santa Cruz Biotechnology. The Rainbow™
Full-range Molecular Marker (M, 12,000-225,000)
was purchased from GE Healthcare Life Sciences.
DMEM medium, fetal bovine serum, penicillin—strep-
tomycin and trypsin were purchased from Gibco.

Methods
Construction of pET SUMO-IL-29 clone

The codon-optimized IL-29 gene (Accession
#0P866269) was amplified using forward and reverse
primers  5'-GGTCCGGTGCCGACGAGT-3" and
5'-CTAGTCTAGATTAGGTAGATTCCGGGTG-
3', respectively. Both primers were designed using
the ExPASy Bioinformatics tool and synthesized by
Eurofins Genomics. Using DreamTaq PCR master
mix (Thermo Scientific™), PCR amplification of
IL-29 was carried out that consisted of 25 cycles with
a denaturation step at 94 °C for 2 min, followed by
94 °C for 30 s, annealing at 58 °C for 30 s, and 72 °C
for 30 s, and a final extension step at 72 °C for 7 min.
The amplified product was visualized on a 1.5%
agarose gel using Ethidium Bromide as the stain-
ing agent. The amplified DNA band was excised and
eluted using the PureLink™ Quick Gel Extraction Kit
(Invitrogen). Purified DNA was ligated into the pET
SUMO expression vector (1:1) using T4 DNA ligase
(5U/ul). The ligation mixture was then incubated
overnight at 22 °C, and the ligated product was trans-
formed into chemically competent E. coli TOP10F’
cells. Confirmation of positive clones was based on
12.5 pg/ml tetracycline and 50 pg/ml kanamycin. Fol-
lowing the selection of a single colony, DNA was iso-
lated using the GeneJET Plasmid Miniprep Kit and
eluted in Milli-Q water to check for the correct inser-
tion of IL-29 into the pET SUMO vector by sequenc-
ing using T7 universal primer (Eurofins Genomics).

Expression of recombinant pET SUMO-IL-29 protein

Escherichia coli Rosetta 2(DE3), Rosetta 2(DE3)
pLysS, and Rosetta-gami 2(DE3) cells were made
competent using CaCl, in heat shock transformation
method to express pET SUMO-IL-29. Each trans-
formation culture was transferred directly to 10 ml
LB medium supplemented with 10 pl of 50 pg/

ml kanamycin and 34.5 pg/ml chloramphenicol for
Rosetta 2(DE3) and Rosetta 2(DE3) pLysS, and
34.5 pg/ml chloramphenicol, 50 pg/ml streptomycin,
12.5 pg/ml tetracycline, and 50 pg/ml kanamycin for
Rosetta-gami 2(DE3). Primary cultures were grown
overnight at 210 rpm and 37 °C in a shaker incuba-
tor. They were diluted ten times by transferring them
to 10 ml LB media containing 50 pg/ml kanamycin
and grown at 37 °C with shaking at 210 rpm. Bacte-
rial cultures were allowed to grow until the absorb-
ance at 600 nm reached 0.4-0.6 (mid-log phase).
0.1 M isopropyl p-D-1-thiogalactopyranoside (IPTG)
was added at a final concentration of 1 mM to induce
culture in the expression of IL-29. The cells were
collected every 2 h to determine the optimum time
required for maximum protein yield. Protein samples
were prepared using reducing 2X Laemmli Buffer
and was analyzed using 12% SDS-PAGE after stain-
ing with the Coomassie stain. Protein quantification
was performed using Image] software to compare
protein concentrations in all expression hosts.

Large scale expression of pET SUMO-IL-29

Rosetta-gami 2(DE3) cells were transformed using
the heat shock method for large-scale expression of
IL-29. The transformation mixture was inoculated
in 200 ml LB broth supplemented with 34.5 pg/ml
chloramphenicol, 50 pg/ml streptomycin, 12.5 pg/
ml tetracycline, and 50 pg/ml kanamycin and grown
overnight at 210 rpm and 37 °C. The secondary cul-
ture was prepared by diluting the primary culture into
2 1 baffled shake flasks containing 450 ml of Terrific
Broth in each medium supplemented with 50 pg/ml
kanamycin. The culture was grown for 68 h at 37 °C
and 210 rpm. When the culture reached the mid-log
phase (OD¢y,=0.8-1), IPTG (0.1 M) was added at a
final concentration of 1 mM. After 4-5 h of induc-
tion, bacterial cells were harvested at 5000xg for
10 min at 4 °C.

Lysis of biomass

Cell lysis was performed using a French press cell
disruption system (Constant Systems Limited) at 1.5
Bar pressure by adding 100 ml equilibration buffer
(20 mM sodium phosphate, 0.5 M NaCl, pH7.4)
to the cell pellet. To prevent degradation, 100 mM
phenylmethylsulfonyl (PMSF) was added to a final
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concentration of 0.1 mM before lysis. The lysate was
then centrifuged at 7000xg for 20 min at 4 °C. Lysate
(soluble protein), crude sample (total protein), and
cell pellet obtained after lysis (insoluble protein) were
analyzed using 12% SDS-PAGE. After de-staining,
a high-resolution image of the gel was taken. It was
then subjected to densitometry analysis using ImageJ
software (NIH, USA). The peak area for each sample
(lysate, total crude protein, and cell pellet obtained
after lysis) was calculated to estimate the protein con-
centration in each sample. The peak areas were plot-
ted to compare the protein concentrations.

Purification of pSUMO-IL-29 fusion protein

The supernatant containing soluble IL-29 was puri-
fied using ready to use HisTrap™ HP, 5 ml Affinity
column of immobilized metal affinity chromatogra-
phy (IMAC). The SUMO fused protein was purified
using Ni-Sepharose column packed with Ni-Sepha-
rose™ 6 Fast Flow resin (GE Healthcare Life Sci-
ences™) on AKTA system (GE Healthcare, USA).
For equilibration, 20 column volumes of PBS (pH
7.4) were passed through the column at a flow rate
of 5 ml/min. The protein sample was loaded onto the
column at 2.5 ml/min flow rate. Then, five column
volumes of equilibration buffer at 5 ml/min flow rate
were passed to wash the column. To avoid non-spe-
cific protein binding, the column was washed with
five column volume of buffer (PBS, pH 7.4, 20 mM
imidazole) at 5 ml/min. The pSUMO-IL-29 protein
was eluted from the column using an elution buffer
(PBS, pH 7.4, 500 mM imidazole) at 5 ml/min till the
protein was eluted. The collected protein fractions
were analyzed by western blotting and quantified by
UV/vis spectrometry at 280 nm. Western blotting
was performed following a protocol of Bjerrum et al.,
1986. After transferring the gel to the blot, it was
blocked with 5% skim milk overnight at 4 °C. The
blot was then incubated with monoclonal anti-IL-29
antibody and later with goat anti-mouse IgG-AP at
room temperature. It was then developed using NBT/
BCIP substrate to visualize IL-29 bands.

SUMO digestion of purified pSUMO-IL-29 protein
To decrease the salt concentration, dialysis was per-

formed overnight in the presence of 20 mM PBS
at 4 °C using minidialysis kit from Cytiva. For the
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digestion reaction, pSUMO-IL-29 protein (1 mg/
ml) was incubated with 20 U SUMO protease
enzyme for 4 h at 4 °C. The samples were collected
after 2, 3, and 4 h. Digestion was analyzed using
12% SDS-PAGE. 20 ml of SimplyBlue™ Safe Stain
(Thermo Scientific™) were used to stain the gel at
room temperature for 1 h with gentle shaking. The
gel was then de-stained with distilled water until
bands appeared.

IMAC purification of native IL-29

Single step purification of native IL-29 was done
by affinity chromatography on AKTA system (GE
Healthcare, USA). SUMO digested sample was
loaded on Ni-Sepharose column (Sigma) packed
with Ni-Sepharose™ 6 Fast Flow resin (GE Health-
care Life Sciences™) on AKTA system. Native
IL-29 protein was obtained through flow-through.
Furthermore, the uncleaved fusion protein and
SUMO tag were eluted using 800 mM imidazole.
The protein fraction was quantified using the Brad-
ford assay and analyzed using 12% SDS-PAGE.
Bradford assay was performed by taking the absorb-
ance of purified IL-29 and the known standards
of 1-5 mg/ml BSA solution and comparing the
concentration of IL-29 with the known concentra-
tion of BSA. The fraction containing native IL-29
protein was buffer-exchanged using PD-10 desalt-
ing column (GE Healthcare) pre-packed with
Sephadex G-25 and subjected to further protein
characterization.

Protein characterization via HPLC analysis

RP-HPLC was performed using a C18 column
(4.6x250 mm?) and a Shimadzu liquid chromatog-
raphy system using mobile phases A (300 ml acetoni-
trile, 1 ml trifluoroacetic acid, and 700 ml water for
chromatography) and mobile phase B (800 ml ace-
tonitrile, 1 ml trifluoroacetic acid, and 200 ml water
for chromatography) at a flow rate of 1 ml/min. The
sample and reference standard (IL-29 NIBSC) and
50 ul (1 mg/ml) were injected and eluted by gradient
elution: 28% B, 0 min; 33% B, 5 min; 37% B, 15 min;
43% B, 10 min; 60% B, 10 min; 60% B, 2 min; 28%
B, 50 min; 28% B, 60 min.
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Cell viability assay

The purified recombinant IL-29 was tested for its
antiproliferation activity against hepatocellular car-
cinoma (HepG2), colorectal cancer (HCT-116), and
breast cancer cell line (MCF-7) (ATCC, USA) and
compared with commercial [FNa2a (NIBSC) using
a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetra-
zolium bromide (MTT) assay kit according to the
manufacturer’s instructions. HCT-116, HepG2, and
MCEF-7 cells were plated in a 96-well tissue culture
plate (5x 10* cells/well) and cultured in DMEM sup-
plemented with 10% FBS and 1% penicillin—strepto-
mycin for 24 h at 37 °C in 5% CO,. The next day,
the medium was refreshed with new DMEM medium,
and then cells were treated with the sample and stand-
ard diluted in 1X PBS at a final concentration of 100
and 200 ng/ml with two-fold dilution in the plate.
After 24 h of exposure, the medium was discarded,
and the cells were incubated with 100 pl/well of
5 mg/ml MTT solution (Merck) for 1 h at 37 °C in 5%
CO,. Then, 100 pl/well of DMSO was added to dis-
solve the crystals. The optical density was measured
at 570 nm. The percentage of cytotoxicity compared
to that of untreated cells as a control was determined.
Experiments were performed in triplicate to evaluate
the results.

Results
Construction of pET SUMO-IL-29 expression vector

The codon-optimized IL-29 gene was used in this
study which was ligated in Champion™ pET SUMO
expression system. This expression vector utilizes a
small ubiquitin-like modifier (SUMO) that facilitates
the purification and production of native proteins
without the addition of any amino acids, followed
by proteolytic cleavage (Miiller et al. 2001). DNA
sequencing followed by translation confirmed the
insertion of IL-29 into the pET SUMO expression
vector with the correct orientation (Fig. 1).

Expression analysis of SUMO fused IL-29
To express recombinant pET SUMO IL-29, it

was transformed into Rosetta 2(DE3), Rosetta
2(DE3) pLysS, and Rosetta-gami 2(DE3) cells, and

expression was optimized by varying the induction
time (Fig. 2A-C). SUMO has a molecular weight
of 11.5 kDa but it can migrate within a range of
15-20 kDa (or ~17 kDa) on SDS-PAGE (Marble-
stone et al. 2006). The mass of pSUMO-IL-29 was
~37 kDa (Fig. 2D) as was observed in 1 mM IPTG
induced Rosetta-gami 2(DE3) transformed cells com-
pared to uninduced and untransformed cells. SDS-
PAGE analysis of the crude sample, lysate, and cell
pellet obtained after biomass lysis was performed, as
shown in Fig. 2E.

Purification of SUMO fused IL-29 protein

The native protein was purified by immobilized metal
affinity chromatography (IMAC) because the SUMO
fusion protein possesses a His-tag at the N-terminus.
Western blot analysis (Fig. 3) showed successful puri-
fication of pET SUMO-IL-29 in the eluted fraction
with no loss of protein in flow-through using IL28/29
(H-1) sc-365834 mouse monoclonal IgG,, antibody
and goat anti-mouse IgG-AP-conjugated antibody
(Santa Cruz Biotechnology).

Proteolytic cleavage and production of native IL-29

Purified pET-SUMO-IL-29 (1 mg/ml) was subjected
to proteolytic cleavage using 20U of SUMO pro-
tease, resulting in ~98% digestion of the fusion pro-
tein. The digestion reactions of samples collected
after 2, 3, and 4 h were analyzed by 12% SDS-PAGE,
which showed two distinctive bands corresponding to
~ 20 kDa IL-29 and ~ 17 kDa SUMO (Fig. 4).

To obtain the soluble IL-29 protein, the SUMO-
digested sample was subjected to IMAC purification.
The flow-through contained the native IL-29 protein,
which was characterized using 12% SDS-PAGE.
SDS-PAGE analysis demonstrated that the purified
IL-29 protein had a single band of 20 kDa (Fig. 5).
The purity of the native IL-29 protein was 99%, as
determined by SDS-PAGE (Table 1). The yield of
recombinant IL-29 protein was 98 mg from 1 1 of bac-
terial culture, as determined by the Bradford assay.

Anti-proliferation activity of purified rhIL-29
The antiproliferative activity of IL-29 was com-

pared with that of commercially available IFNa2A in
HepG2, HCT-116, and MCF-7 cell lines. Compared

@ Springer



1006

Biotechnol Lett (2023) 45:1001-1011

Fig. 1 Construct of the
recombinant plasmid pET
SUMO-IL-29 clone. IL-29

Histidine-tag

gene (blue) was fused with
N-terminal SUMO fusion

protein (green) containing
Histidine-tag and a SUMO
cleavage site

SUMO cleavage site

with IFNa2a, 200 ng/ml rhIL-29 had the highest inhi-
bition percentage of nearly 50% (Fig. 6).

Discussion

The use of recombinant proteins has increased with
the advent of various expression hosts that facilitate
their soluble, biologically active, and large-scale pro-
duction. Although mammalian expression systems
possess many advantages (Wurm 2004), the bacterial
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expression system is considered the most efficient
host compared to other organisms for the produc-
tion of protein-based pharmaceuticals because of its
various attributes, including high expression yield,
cost-effectiveness, rapid protein expression, and
proficient scale-up. E. coli is considered the most
promising bacterial strain for recombinant protein
production; however, it lacks machinery for post-
translational modifications that can lead to ineffi-
cient protein folding and aggregation (in the form of
inclusion bodies) (Stewart et al. 1998; Bessette et al.
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c Uninduced |_"“'"“d_|

A Induced. B Induced.

Uninduced Ladder Ladder

pSUMO-IL29

Fig. 2 A-C Expression analysis of SUMO fused IL-29 in E.
coli Rosetta 2(DE3), Rosetta 2(DE3) pLysS, and Rosetta-gami
2(DE3). Protein samples from 1 uninduced and 7 induced (2,
4,6, 8, 10, 12, and 24 h) cells were loaded along with Thermo
Scientific™ PageRuler™ Unstained Protein Ladder in 12%
SDS-PAGE gel. D Expression analysis of SUMO fused IL-29
in E. coli Rosetta-gami 2(DE3). Lane L: Thermo Scientific™
PageRuler™ Unstained Protein Ladder, Lane 1: Rosetta-gami

1999). Aggregation can affect the biological activity
and stability of therapeutic proteins and is consid-
ered a risk factor for increased immunogenicity. The
major challenges in the production of therapeutic
proteins from inclusion bodies are isolation, wash-
ing, solubilization, and refolding procedures (Clark
2001; Middelberg 2002). Much effort is required for
the development of a robust procedure for produc-
ing industrial-grade proteins that are stable, properly
folded, and free from aggregation.

The co-expression of target proteins with soluble
fusion partners for heterologous protein production in

pSUMO
-1L29

Ladder

Gel

2(DE3) cells, Lane 2: Protein from uninduced cells, Lane 3:
Proteins from 1 mM IPTG induced cells expressing pSUMO-
IL-29 at 37 °C for 4 h. E SDS-PAGE analysis of crude sample,
lysate, and cell pellet after lysis. Lane L: Thermo Scientific™
PageRuler.™ Unstained Protein Ladder, Lane 1: Lysate, Lane
2: Crude sample, Lane 3: Lysis pellet. F PageRuler Unstained
Protein Ladder (Cat # 26,614)

E. coli can lead to enhanced expression and efficient
purification. Exploiting its chaperoning properties,
the SUMO tag allows high-level expression through
proper folding of the target protein (Malakhov et al.
2004; Butt et al. 2005). A high soluble protein expres-
sion level can be attained using this fusion system,
yielding approximately 30% of the total soluble pro-
tein fraction in E. coli (Wang et al. 2010). The SUMO
protease recognizes the SUMO fusion partner, facili-
tating precise proteolytic cleavage, thus resulting in
the production of native proteins. pET SUMO has
been widely used to produce many therapeutically
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. —> Ppurified pSUMO-IL-29

UK —
17K ——

13K v

Fig. 3 IMAC purification of pET SUMO-IL-29. Lane 1: GE
Healthcare Life Sciences™ Rainbow™ Full-range Molecular
Marker (M, 12,000-225,000), Lane 2: Flow-through indicat-
ing no protein loss during purification, Lane 3: 500 mM imi-
dazole elution fraction containing purified SUMO-IL-29

IL-29 — e e N -

SUMO — s s s

Fig. 4 SDS-PAGE analysis of proteolytic cleavage of SUMO
fused IL-29 protein using SimplyBlue™ Safe Stain (Thermo
Scientific™). Lane 1: Thermo Scientific™ PageRuler™
Unstained Protein Ladder, Lane 2: Sample collected after 4 h,

Lane 3: Sample collected after 3 h, Lane 4: Sample collected
after 2 h
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Fig. 5 SDS-PAGE analysis of purified IL-29 protein using
SimplyBlue™ Safe Stain (Thermo Scientific™). Lane 1:
Thermo Scientific™ PageRuler™ Unstained Protein Ladder,
Lane 2: Purified IL-29 protein

important proteins, including human interferon alpha-
2a (Bis et al. 2014), BMP-14 (Li et al. 2011), human
interleukin-11 (Nguyen et al. 2018), and FGF-21
(Wang et al. 2010).

In this study, IL-29 was cloned into the Cham-
pion™ pET SUMO expression system (Invitrogen).
This efficient expression vector contains a 6X-his
tag at the N-terminus of SUMO, which facilitates
the effective purification of SUMO-fused IL-29 by
immobilized metal affinity chromatography. The pET
SUMO-IL-29 construct was transformed into Rosetta
2(DE3), Rosetta 2(DE3) pLysS, and Rosetta-gami
2(DE3) cells which showed that the highest expres-
sion of SUMO-IL-29 was observed in Rosetta-gami
2(DE3) that is also reported by Ahmed et al. (2021)
when they compared BL21 (DE3), Rosetta 2 (DE3),
BL21 (DE3) pLysS, and Rosetta-gami 2 (DE3) for
soluble expression of rhIL-15 (Ahmed et al. 2021).

The transformant was fermented in 2L shake-
flask with 0.1 mM IPTG in TB medium for large
scale expression of rhIL-29. When the cells were
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Table 1 Purification scheme of IL-29 protein

Sample Volume (ml)  Total protein con-  Total pro-  IL-29 concen-  Step yield (%)¢  Purity (%)
centration (mg/ml)* tein (mg/l) tration (mg/1)®

Lysate 200 3 600 320 100 80

IMAC purified SUMO-IL-29 225 225 225 70 98

IMAC purified IL-29 5 1 - 3.1 62 99

A =Bradford Assay, B =Quantitative SEC-HPLC, C= (recovered protein/actual loaded protein)*100, and D=RP—-HPLC

Fig. 6 Comparative

analysis of 100 ng/ml and 50-

200 ng/ml rhIL-29 with

100 ng/ml IFNoa2a on

HepG2, HCT-116, and _ 407
MCEF-7 cell lines. High- S

est anti-proliferation was 5 30
observed in 200 ng/ml g
rhIL-29 treated cells. (One- = 20+
way ANOVA: *p <0.05, =

*#p <0.01, ***p <0.001, 10+
*HE%Ep <0.0001 and

ns =non-significant) 0-

oA

Dose-Dependent Effect of rhIL-29 on HepG2, HCT-116 & MCF-7

@ Control (Untreated)
O rhiL-29 100 ng/ml **
@ rhiL-29 200 ng/ml ****
@ IFNa2a 200 ng/ml ****

CA e A

SN OXIE O QNI Y OXS
SO IR A MR R AN A
Drug Dosage on Different Cells

harvested and lysed, 12% SDS-PAGE showed the
soluble expression of recombinant pET SUMO-
IL-29 as shown in Fig. 2E which was also observed
by Kong & Guo (2011) and Marblestone et al.
(2006) when they studies protein expression using
SUMO fusion tag for increased solubility (Marble-
stone et al. 2006; Kong & Guo 2011). SUMO-fused
IL-29 protein was purified from the soluble fraction
using Ni-affinity chromatography which yielded
70% of 98% pure SUMO-IL-29. 5 ml of purified
SUMO-IL-29 was subjected to digestion with the
help of SUMO protease for the cleavage of fused
SUMO. The cleaved IL-29 was further purified by
IMAC chromatography with step yield of 62% and
99% purity. The yield in current study was higher
(98 mg/l) in comparison to other studies who have
reported as 60 mg/l (Li & He 2006), 65 mg/l (Xie
et al. 2007), and 70 mg/l (Shaldzhyan et al. 2021).
The antiproliferation activity of rhIL-29 in HepG2,
HCT-116, and MCF-7 cell lines was consistent with
previous reports (Fujie et al. 2011; Balabanov et al.
2019; Akram et al. 2023; Rahman et al. 2023), indi-
cating that our research is successful in producing
functional IL-29.

This is the first study on IL-29 expression in the
soluble form of E. coli using SUMO fusion technol-
ogy. This showed that the pET SUMO expression
system is a promising strategy for the production of
therapeutic-grade proteins with improved solubility,
high expression yield, and convenient purification.
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